Cell Culture Technology

Weekly Intelligence Report Cell Therapy Scale-Up

2026-07-05 | 51 articles | 11 countries Automation & Al drive cost reduction

troy-technical.jp

51 11 40 15.11

articles countries % B USD

Total Articles Analyzed Source Countries/Regions CAR-T Cost Reduction Single-Use Bioreactor Mkt

I All 51 Articles This Week — 5-Axis Evaluation Matrix

How to read columns — Tech Novelty: degree of breakthrough Market Proximity: closeness to commercialization Market Impact:
industry-wide effect Data Reliability: quantitative data & peer review US/EU Relevance: direct impact on US/European companies & supply

chains
. X Tech Market Market Data US/EU
E
"DOr European biotechs develop automated
Next-Gen CGTMfg  “"”“" qoe@ XXX XXX P P
#01 Cuts Cost e ° closed-loop platforms, scalable vector CDMOs,
Strategy and enzymatic DNA to cut CAR-T costs by >€60k.
Gene-edited iPSC-derived CAR-T/NK therapies
Gene-Edited iPSC (X X X J [ X J [ X X X J (X X X J [ X X X ] . . / P
#02 Research aim for off-the-shelf cancer immunotherapy by
CAR-T/NK [} ° [} - ) -
mitigating allogeneic rejection.
Feeder-free bioreactors and optimized IL-15 are
Scalable NK Cell eeee oo oo ) neop )
#03 Therapies Research key for scalable, high-purity NK cell expansion,
P accelerating commercialization.
"DOr PepGel partners with NIH to advance
PepGel 3D Cell Solbest o000 o000 o000 o000 pPeep . )
#04 e human-based 3D cell culture using synthetic
Culture o : )
Strategy hydrogels, replacing animal models.
Precision fermentation startups partner with
#05 Precision Sorpot (XX X ) (XX X ) ® @060 breweries and Nestlé to scale manufacturing,
€]
Fermentation Scale Strategy ° [ ] overcoming capacity bottlenecks in alternative
proteins.
CDMOs are adopting end-to-end services and
406 CDMOs Tackle Mfg Industry (XXX} (X X X} ® @0 e automated closed systems to address
Shortage Analysis manufacturing shortages in next-gen biopharma,
especially CGT.
o Corporat Australian biotech Cartherics to file IND for
Cartherics iPSC NK
#07 IND e Announ eecee ecee ecee iPSC-derived NK cell therapy CTH-401 for ovarian
cement cancer, leveraging gene-edited iPSC platform.
Raman spectroscopy-based PAT enables
Raman PAT fechnolo ccee oo N Spectroscopy . o
#08 . gy real-time, non-invasive fermentation monitoring
Fermentation 3 . . . . .
Overview in food, beverage, and industrial bioprocessing.
PackGene Biotech offers lentiviral vector and
409  PackGene CAR-T Corporat 'YX X 'YX X mMRNA technologies for next-gen CAR-T
e
Tech Strategy development, providing stable and transient gene
expression.
Ossiform analyzes porous structural scaffolds and
3D Cell Culture TGl XXX XXX . yees P
#10 Scaffolds gy ~ elastic synthetic hydrogels for 3D cell culture,
Overview critical for microphysiological systems.
. Precision fermentation provides functional
Precision Industry ([ X J [ X X X ] [ X X X ] [ X J o000 . -
#11 ) ) ingredients to enhance plant-based foods, driving
Fermentation Food Analysis °

growth rather than competing.

Cell Culture Technology Weekly Intelligence Report | 2026-07-05 | Page 1



. X Tech Market Market Data US/EU
# Article Title Type . - Summar
.- LI ] e FELEIRY Relevance

#12

#13

#14

#15

#16

#17

#18

#19

#20

#21

#22

#23

#24

#25

#26

#27

#28

Novo Nordisk India
Partner

Hyperspectral.ai
Real-Time

Bioneer BioSPHEER™
3D

Precision
Fermentation Cost

Top LVV CDMOs
Ranked

Biologics Outsourcing
Redef

Histocell GMP Facility

Raman Data Fusion
& ML

US CAR-T Opt
Market

Lonza Expands
Biologics

MaxCyte Virus-Free
Gene

Cell Therapy Cost
Root

NTHRYS AL
Bioreactor Twin

Digital Twin Ayran
Ferm

GEA €4M Pilot Centre

GEA $4.7M Tech
Center

Porton Advanced
ATMP CDMO

Corporat
e
Strategy

New
Product

New
Product

Industry
Analysis

Market
Report

Industry
Analysis

Corporat
e Announ
cement

Academic
Research

Market
Report

Corporat
e Announ
cement

Corporat
e Partner
ship

Industry
Analysis

New
Product

Academic
Research

Corporat
e Announ
cement

Corporat
e Announ
cement

Corporat
e
Strategy

Novo Nordisk partners with Shantha Biologics
(India) for global cartridge fill-finish services,
expanding sterile injectable manufacturing.

Hyperspectral.ai unveils real-time, non-invasive
mammalian cell culture monitoring using Raman
spectroscopy, chemometrics, and ML.

Bioneer launches BioSPHEER™, a 3D cancer
model using fibroblast and cancer cell spheroids
to enhance solid tumor drug efficacy prediction.

Precision fermentation faces high production
costs and scale-up challenges, necessitating
optimization for a sustainable food industry.

CDMO Signal ranks top FDA & GMP-compliant
lentiviral vector CDMOs based on inspection
history, capacity, and clinical activity.

Biologics outsourcing shifts to strategic
partnerships focused on modality expertise,
regulatory excellence, and end-to-end
integration.

Histocell launches an 800m2 GMP facility,
expanding cell therapy manufacturing to 1200
batches annually for autologous and allogeneic
therapies.

A new arXiv paper introduces Raman data fusion
and a novel ML model to significantly improve cell
culture process forecasting accuracy.

The US autologous CAR-T cell therapy process
optimization market is driven by needs for
efficiency, cost reduction, and quality consistency.

Lonza expands collaboration with a major US
biopharma, securing commercial production for
two biologics programs, reinforcing CDMO
leadership.

MaxCyte and VectorBuilder partner on a
virus-free gene delivery platform for ex vivo cell
therapies, boosting CAR-T manufacturability.

Cell therapy costs are driven by cytokine
strategy; focus shifts to quality over quantity with
closed-system manufacturing for cost reduction.

NTHRYS unveils Al bioreactor metabolic model
digital twin for real-time process forecasting,
optimization, and predictive maintenance.

MDPI paper introduces a digital twin with IoT
sensors and Markov chains to optimize Ayran
fermentation in real-time, enhancing consistency.

GEA invests €4M in a German biotech pilot center
to accelerate precision fermentation and cell
cultivation scale-up for sustainable food.

GEA opens a new $4.7M Sarstedt Technology
Center in Germany to expand precision
fermentation and cell cultivation scale-up
capabilities.

Porton Advanced strengthens end-to-end ATMP
CDMO services, offering cell engineering, plasmid,
lentivirus, mMRNA, and LNP production to 250+
clients.
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Lonza's OptiALTO™ platform enables high cell
density culture, reducing biologics manufacturing
costs through increased productivity and PAT.

Academic point-of-care manufacturing with
closed, semi-automated systems can reduce
CAR-T costs and increase access in LMICs.

Automation and Al scale organoid workflows,
improving 3D model reproducibility and
accelerating drug discovery.

REPROCELL enhances its 3D cell culture portfolio
with Alvetex® and EZSPHERE™ systems for more
accurate drug testing and translational research.

Global single-use bioreactor market to surge to
$15.11B by 2034, with Thermo Fisher and AGC
Biologics expanding capacity.

KELI Therapeutics launches an integrated GMP
manufacturing platform for five cell therapy
programs, cutting development costs and
accelerating approvals.

ProBio's AAV manufacturing excellence
accelerates UC Irvine/GlyTR Therapeutics'
pan-cancer CAR-T program, achieving 80% CAR
gene insertion efficiency.

Closed-system semi-automated manufacturing is
key to expanding CAR-T access in LMICs by
reducing cost and complexity.

CAR-T's geographical access is limited by
manufacturing bottlenecks; closed systems and
bioprocessing advances are crucial.

NTHRYS reduces dual antigen CAR-T
manufacturing costs by 40% and offers
clinical-grade off-the-shelf NK cell expansion
services.

PAK BioSolutions' continuous GMP purification
system supports FIH trial filing, achieving 4x
faster production than existing facilities.

FUJIFILM Biotechnologies invests $7B in
US/Europe, quadrupling iPSC production capacity
and automating with Al for cell therapies.

The 6th iPSC Drug Development Summit will
address GMP scale-up challenges, gene editing
safety, and QC frameworks for iPSC therapies.

UniXell Biotechnology secures FDA IND clearance
for UX-DA003, an iPSC-derived Parkinson's
therapy, marking dual breakthrough in China and
u.s.

Al and ML optimize biologics purification,
predicting resin life and enhancing yields in
monoclonal antibody manufacturing.

CGT manufacturing advances with continuous
processing and automated bioreactors to tackle
scalability and cost challenges.

Viral vector manufacturing market surges due to
gene therapy trials; CDMOs like Fujifilm Diosynth
and Catalent expand AAV/lentiviral capacity.
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Middleware ensures data integrity in automated
bioprocesses, securing FDA 21 CFR Part 11
compliance with audit trails and real-time
capture.

Hyperspectral enhances bioprocess visibility with
real-time PAT, using Raman spectroscopy and
chemometrics for non-invasive cell culture
monitoring.

Al and continuous processing will optimize RNA
manufacturing, boosting IVT efficiency, reducing
costs, and enabling distributed production.

Securecell unveils APIES, a multi-attribute
analysis platform for real-time monitoring of
protein concentration, aggregation, and stability
in biopharma.

Gyros Protein Technologies streamlines
biotherapeutic impurity testing with its
automated immunoassay platform, enhancing
reproducibility and throughput.

KyooBe Tech unveils rapid vaccine development
using low-energy electron beam irradiation
(LEEI), with potential for distributed production
and CGT.

Low | Yellow highlight = featured article
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I Three Questions That Demand Your Decision This Week

@ Is your CAR-T manufacturing cost-competitive?

European biotechs target >€60k/patient reduction (#01), NTHRYS achieves 40% cost cut in dual antigen
CAR-T (#38). Are your processes optimized for next-gen therapies, or are you losing ground on accessibility?

® Are you prepared for the shift to human-based 3D models?

NIH partners with PepGel for 3D cell culture to replace animal models (#04). Bioneer's BioSPHEER™ (#14) and
Al/automation for organoids (#31) are accelerating drug discovery. Does your R&D; leverage these predictive
models?

© How exposed is your supply chain to Asian CDMO growth?

China's PackGene (#09) and Porton Advanced (#28) offer end-to-end ATMP services, while India's Shantha
Biologics (#12) and NTHRYS (#24, #38) expand capabilities. Are you diversifying or becoming reliant on
non-US/EU partners?

I Opportunities vs. Threats for US/European Companies
Opportunity vs. Threat Matrix for US/European Companies
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® CGT Scale Critical Lower costs, wider access High CapEx, complexity
® iPSC Allog Critical Off-the-shelf, new therapies Complex R&D;, IP race
® AI/PAT Opp. Boost efficiency, cut costs Skill gap, data security
® Alt Prot Critical New food markets High CapEx, competition
® VirusFree Opp. Simpler GMP, lower cost Tech validation
® CDMO Exp Threat Diversify supply Asian competition
® 3D Models Opp. Better drug models Complex validation
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I Deep Dive @ — Off-the-Shelf iPSC-CAR-T/NK Therapies

#02 | 2026/06/29 | MDPI | Tech Novelty® ® ® ® ® Proximity ® ® OOO Market Impact® ® ® ® ® Data Reliabilitye e @ ® ®
US/EU Relevancce @ ® ® O

Allogeneic T cell therapies, leveraging gene-edited iPSC-derived CAR-T/NK cells, promise scalable,
off-the-shelf cancer immunotherapy. This approach overcomes logistical and manufacturing limitations of
autologous therapies.

Key strategies include iPSC-derived immune cells for unlimited expansion and precise genetic modification
(CRISPR/Cas9) to disrupt TCR (prevent GVHD) and modulate HLA (dampen immune rejection), enhancing
efficacy.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The potential for truly 'off-the-shelf' cell therapies is immense,
but significant preclinical and early clinical hurdles remain, particularly in fully controlling
immune rejection and ensuring long-term safety/efficacy of gene-edited cells. Published data is
from a review, so specific quantitative results are limited. [Opportunity] for US/EU technology
licensors and IP holders to secure foundational patents in gene editing and iPSC differentiation.
[Threat] for OEMs and device manufacturers relying solely on autologous platforms, as this
breakthrough could make their current platforms obsolete. Next actions: [R&D;] Initiate
internal research programs or strategic partnerships focused on immune-evasive iPSC lines and
advanced gene-editing techniques by Q4 2026. [Strategy] Evaluate potential M&A; targets in
iPSC and gene-editing startups by Q1 2027.

I Deep Dive @ — FUJIFILM's iPSC Manufacturing Boost

#40 | 2026/06/26 | Drug Discovery and Development | Tech Novelty® ® @ ® O Proximity® @ @ ® O Market

Impact® ® ® ® ® Data Reliability® ® ® ® O US/EU Relevancco @ @ ® ®

FUJIFILM Biotechnologies is driving a $7 billion expansion in the US and Europe, with FUJIFILM Cellular
Dynamics quadrupling iPSC production capacity through a $200 million investment.

This initiative leverages Al for automating technology transfer processes, aiming for accelerated and more
efficient production, strengthening the supply chain for iPSC-based cell therapies and research cells.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: FUJIFILM's massive investment and Al integration for iPSC
manufacturing are realistic and strategically sound, addressing a critical bottleneck in cell
therapy scale-up. The technical barrier lies in the complexity of AI validation for GMP-compliant
tech transfer. [Opportunity] for US/EU materials & component suppliers providing bioreactors,
media, and automation hardware, and for technology licensors offering AI/ML solutions for
bioprocess optimization. [Threat] for smaller iPSC manufacturers or CDMOs unable to match
this scale and automation, potentially leading to market consolidation. Next actions:
[Procurement] Identify and qualify alternative iPSC suppliers and CDMOs with advanced
automation capabilities by Q3 2026. [Executive] Assess the competitive landscape and
potential for strategic partnerships or acquisitions to enhance internal iPSC manufacturing
capabilities by Q1 2027.
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I Deep Dive ® — Virus-Free Gene Delivery for CAR-T

#22 | 2026/06/29 | BioProcess International | Tech Novelty® ® ® ® O Proximity® @ ® OO Market Impact® ® ® ® O Data
Reliability® ® ® ® O US/EU Relevancco ® ® ® ®

MaxCyte and VectorBuilder partnered to develop a virus-free gene delivery platform for ex vivo cell therapies,
including CAR-T cells, integrating VectorBuilder's 'MiniVec' plasmid with MaxCyte's electroporation.

Preliminary data shows increased cell viability and gene expression, potentially lowering costs and improving

product quality by simplifying GMP production, addressing a critical viral vector bottleneck.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The shift to virus-free gene delivery is a highly promising
development, addressing the cost, complexity, and regulatory hurdles of viral vectors.
Preliminary data is encouraging, but full clinical validation and long-term safety/efficacy data
are crucial technical barriers. [Opportunity] for US/EU technology licensors and IP holders in
non-viral gene delivery and electroporation technologies. [Threat] for materials & component
suppliers heavily invested in viral vector manufacturing, as demand could shift. OEMs and
device manufacturers should evaluate integrating such platforms. Next actions: [R&D;] Initiate
pilot projects to evaluate virus-free gene delivery platforms for internal cell therapy pipelines by
Q4 2026. [Procurement] Diversify gene delivery vector supplier base to include non-viral
options and assess their scalability and cost-effectiveness by Q1 2027.

I Other Notable Articles

Hyperspectral.ai Bridges Bioprocess Visibility Gap with Raman Chemometrics for Real-Time PAT (Hyperspectral.ai)
Tech Novelty® @ @ ® O Proximity® @ @ ® O Market Impact®e ® @ ® O

Real-time, non-invasive PAT with Raman spectroscopy and ML is crucial for optimizing mammalian cell

culture and reducing costs.

Bioneer Unveils BioSPHEER™: A 3D Cancer Model Revolutionizing Solid Tumor Drug Discovery (Bioneer)
Tech Novelty® ® ® ® O Proximity® @ @ ® O Market Impacte @ @ @ O

This 3D cancer model accurately mimics the tumor microenvironment, enhancing drug efficacy prediction for

solid tumors and immunotherapies.

Lonza's OptiALTO™ Platform Achieves High Cell Density Culture, Significantly Reducing Biologics Manufacturing Costs (Lonza)
Tech Novelty® ® @ ® O Proximity® @ @ ® O Market Impact®e @ @ @ O

Lonza's platform boosts biologics productivity via high cell density and PAT, cutting costs and improving

process stability.

PepGel Partners with NIH to Accelerate Shift from Animal Models with Human-Based 3D Cell Culture (PepGel)
Tech Novelty® @ ® OO Proximity® @ @ ® O Market Impacte ® @ @ O

Synthetic hydrogels for 3D cell culture are accelerating the shift from animal models, improving research
reproducibility and translatability.
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I Recommended Actions This Week

Action recommendations based on article evaluation matrix and opportunity/threat analysis.

I Immediate (this week)

e [R&D;] Review current CAR-T manufacturing processes for potential automation and closed-system
integration to identify immediate cost-saving opportunities.

e [Procurement] Initiate a review of current viral vector suppliers and explore alternative non-viral gene
delivery platforms for future pipeline needs.

e [Strategy] Assess the competitive landscape for iPSC-derived allogeneic therapies and identify key IP
holders or emerging players for potential collaboration.

| Short-term (1 month)

e [R&D;] Evaluate advanced PAT solutions (e.g., Raman spectroscopy, AI/ML-driven digital twins) for
real-time bioprocess monitoring and optimization.

e [Business Dev] Explore partnerships with 3D cell culture technology providers (e.g., PepGel, Bioneer)
to enhance drug discovery and reduce reliance on animal models.

e [Procurement] Conduct due diligence on Asian CDMOs (e.g., PackGene, Porton Advanced) to
understand their capabilities, pricing, and potential impact on global supply chains.

| Medium-long term (quarter+)

e [Executive] Develop a comprehensive strategy for integrating AI and automation across all
biomanufacturing operations to achieve cost leadership and scalability.

e [Strategy] Investigate opportunities in precision fermentation for alternative proteins, considering
either direct market entry or strategic partnerships with scale-up centers like GEA's.

e [Legal/IP] Conduct a thorough IP landscape analysis in gene-edited iPSC and virus-free gene delivery
to identify white spaces and potential infringement risks.

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-07-05
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#01 European Biotechs Unveil Next-Gen CGT

Manufacturing to Cut CAR-T Costs Above €60,000 Per
Patient

Published June 30, 2026 PharmTech Global

| overview

European biopharmaceutical companies are spearheading the development of
advanced manufacturing technologies to address the high costs and logistical hurdles
of Cell and Gene Therapies (CGT). Innovations include automated closed-loop
platforms, scalable lentiviral vector CDMO capacities, enzymatic synthetic DNA
production, and bioreactor-based stem cell expansion. These technologies are critical
for reducing the current CAR-T therapy cost, which often exceeds €60,000 per patient,

enhancing accessibility and market penetration.



| N DEPTH

Key Findings

European biotechnology firms are leading breakthroughs in next-generation
manufacturing technologies for Cell and Gene Therapies (CGTs), specifically targeting the
substantial reduction of current CAR-T therapy costs, which can exceed €60,000 per
patient. These advancements aim to overcome critical manufacturing and supply chain

challenges, making these transformative treatments more accessible globally.

Technical / Clinical Details

Key technological advancements being championed include:

e Automated Closed-Loop Platforms: These systems minimize human intervention,
drastically reducing contamination risks and ensuring high consistency in CGT

product manufacturing.

o Scalable Lentiviral Vector CDMO Capabilities: Companies like Oxford Biomedica
are expanding their capacities to produce lentiviral vectors at scale, which are crucial

for gene delivery in therapies like CAR-T.

¢ Enzymatic Synthetic DNA: Touchlight Genetics is at the forefront of enzymatic DNA
synthesis, offering a faster and more flexible alternative to traditional plasmid DNA

production, essential for rapid therapy development.

e Bioreactor-Based Stem Cell Expansion: This enables efficient, large-scale cultivation
of stem cells, laying the groundwork for developing allogeneic, 'off-the-shelf' cell

therapies.

These integrated approaches are designed to streamline the complex manufacturing
processes inherent in personalized medicine, improving both cost-effectiveness and

product quality and safety profiles.



Background & Context

Despite their groundbreaking efficacy, CGTs have been hampered by prohibitive costs
and intricate manufacturing logistics. Autologous therapies, requiring patient-specific
customization, contribute significantly to these high expenditures and logistical
complexities. The European Union is actively investing in R&D and regulatory
frameworks to integrate CGTs into a more sustainable healthcare model, recognizing the

urgent need for scalable and affordable production methods.

Strategic Significance & Outlook

The widespread adoption of these next-generation manufacturing technologies is
expected to dramatically improve CGT production efficiency and lower costs. This will
broaden patient access to life-saving treatments and accelerate the growth of the overall
CGT market. Furthermore, the standardization and automation of manufacturing
processes are anticipated to stabilize global supply chains, paving the way for CGTs to

become a more routine and widely available therapeutic option.

Source: https://www.pharmtech.com/view/european-biotechs-developing-next-generation-cell-and-

gene-therapy-manufacturing-technologies
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#02 Gene-Edited iPSC-Derived CAR-T/NK Therapies
Target Allogeneic Rejection for Off-the-Shelf Cancer
Immunotherapy

Published June 29, 2026 MDPI Switzerland

| overview

Allogeneic T cell therapies represent a scalable, off-the-shelf alternative to autologous
approaches, promising to overcome significant logistical and manufacturing
limitations. The review highlights iPSC-derived CAR-T, NK, and iNKT cells for their
unlimited expansion potential and precise genetic modifiability. Engineering
strategies such as T cell receptor disruption and HLA modulation are discussed as
crucial for mitigating immune rejection and enhancing therapeutic efficacy,

accelerating the path to widely accessible allogeneic cell therapies.
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Key Findings

Allogeneic T cell therapies are emerging as a highly scalable, 'off-the-shelf' alternative to
autologous approaches, specifically leveraging induced pluripotent stem cell (iPSC)-
derived immune cells. This strategy promises to circumvent the substantial logistical and
manufacturing challenges inherent in personalized cell therapies, paving the way for

more broadly accessible cancer immunotherapies.

Technical / Clinical Details

The review emphasizes several critical engineering strategies:

¢ iPSC-Derived Immune Cells: iPSCs offer an inexhaustible source for generating
various immune cell types, including CAR-T, NK, and iNKT cells. This capability
enables large-scale manufacturing and consistent supply of high-quality cellular

products.

¢ Precise Genetic Modification: Advanced gene editing tools, such as CRISPR/Cas9,
are utilized to disrupt the T cell receptor (TCR) to prevent Graft-versus-Host Disease
(GVHD) in recipients. Furthermore, modulating the expression of Major
Histocompatibility Complex (MHC, or HLA in humans) Class | and Il aims to dampen
immune responses against allogeneic cells, thereby improving cell engraftment and

persistence.

e Enhanced Efficacy and Reduced Rejection: These engineering strategies are
designed to significantly reduce immune rejection, a primary barrier in allogeneic cell
transplantation, without compromising the therapeutic efficacy of the cells. This

opens the door for developing universal cell therapies.

Background & Context

Traditional autologous CAR-T cell therapies involve collecting T cells from individual
patients, genetically modifying them ex vivo, and then expanding them. This process is
time-consuming, expensive, and logistically complex. Allogeneic cell therapies, which
involve mass-producing cells from healthy donors for multiple patients, offer a next-
generation solution to these challenges. The evolution of iPSC technology provides a
stable and renewable cell source for this allogeneic approach, accelerating its

commercialization.



Strategic Significance & Outlook

iPSC-derived, gene-edited allogeneic T cell therapies hold the potential to revolutionize
cancer immunotherapy. Once technologies for effectively controlling immune rejection
are firmly established, these therapies could be delivered to a broader patient population
more rapidly and economically. Future developments are expected to expand treatment
options for a wider range of diseases, including solid tumors, dramatically improving the

accessibility of cell therapies worldwide.

Source: https://www.mdpi.com/1424-8247/19/7/991
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#04 Unlocking Scalable NK Cell Therapies: Precision
Culture with Feeder-Free Bioreactors and Optimized IL-
15

Published Published Published June 26, 2026  Liv Hospital

| overview

Scalable, high-purity Natural Killer (NK) cell expansion is crucial for advancing
therapeutic applications. This article details how integrating feeder-free culture with
advanced bioreactor systems, specifically optimizing Interleukin-15 (IL-15) cytokine
supplementation, is key to overcoming current manufacturing bottlenecks. These
strategies promise consistent, large-scale NK cell production, accelerating the
commercialization and widespread adoption of next-generation cancer

immunotherapies.
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Background

Natural Killer (NK) cells are emerging as a potent effector cell type in next-generation
cancer immunotherapy, recognized for their innate capacity to eliminate tumor cells
without prior sensitization. Despite their therapeutic promise, scaling the manufacturing
of NK cells while maintaining high purity and consistent quality has remained a
significant bottleneck for their commercialization. A strategic shift towards feeder-free
and bioreactor-based cultivation methods is now directly addressing these challenges,
paving the way for NK cell therapies to evolve from highly personalized treatments to

more accessible 'off-the-shelf' solutions.

Key Findings

Achieving high-purity and scalable Natural Killer (NK) cell expansion for therapeutic
applications hinges critically on optimizing both culture media and manufacturing
platforms. The integration of feeder-free and advanced bioreactor systems, coupled with
precise Interleukin-15 (IL-15) cytokine supplementation, are identified as pivotal

strategies.

Feeder-free culture systems revolutionize traditional methods by eliminating the
complexities, contamination risks, and lot-to-lot variability associated with feeder cells
(e.g., K562 cells). This simplification enhances compliance with Good Manufacturing

Practice (GMP) guidelines and significantly reduces manufacturing hurdles.

Furthermore, the **integration with bioreactor systems** provides a tightly controlled
environment for cell growth, allowing for continuous monitoring and adjustment of
critical parameters such as pH, dissolved oxygen, and nutrient levels. This capability
facilitates high-density, large-scale expansion of NK cells while rigorously maintaining

consistent product quality and desired phenotype.

Crucially, **optimizing IL-15 cytokine supplementation** within these bioreactor systems
is essential. IL-15 is a potent cytokine vital for NK cell proliferation, survival, and
sustained anti-tumor activity. Precise control over its concentration and delivery kinetics
can significantly maximize NK cell yield and functional potency, directly impacting the
quality of clinical-grade NK cell products. The careful design of cytokine cocktails is a

determinant factor in achieving superior NK cell products.



These technological advancements, particularly when integrated into automated, closed
systems, are expected to significantly lower the cost of NK cell therapies, making them
more widely accessible. This evolution promises to maximize the therapeutic potential of
NK cells, enabling the development of novel treatment strategies for a broad range of
malignancies, including challenging solid tumors, and robustly bolstering the commercial

viability of NK cell therapeutics.

Source: https://int.livhospital.com/how-to-choose-the-best-nk-cell-culture-medium/
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#05 PepGel Partners with NIH to Accelerate Shift from
Animal Models with Human-Based 3D Cell Culture

Published June 25, 2026  PepGel USA

I OVERVIEW

PepGel is advancing the transition to human-based 3D cell culture models, aligning
with the NIH's new Office of Research Innovation, Validation, and Application (ORIVA).
Their synthetic hydrogels, such as PGmatrix™, provide precisely controlled
microenvironments that accurately mimic the human extracellular matrix, enabling
more reproducible and translatable research. These platforms effectively support the
scalability and infrastructure requirements for New Approach Methodologies (NAMs)

in biomedical research, overcoming limitations of animal models.
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Key Findings

PepGel is playing a pivotal role in accelerating the shift towards human-based 3D cell
culture models, moving away from traditional animal models in biomedical research. This
initiative is closely aligned with the new Office of Research Innovation, Validation, and
Application (ORIVA) recently established by the National Institutes of Health (NIH), which
promotes the development and adoption of New Approach Methodologies (NAMs).

Technical / Clinical Details

PepGel's core contribution lies in its innovative synthetic hydrogels:

¢ Precisely Controlled Microenvironments: Synthetic hydrogels like PGmatrix™ offer
tunable biochemical and biophysical properties, allowing researchers to create highly
controlled and reproducible 3D cellular microenvironments. These environments
accurately mimic the native human extracellular matrix (ECM), which is critical for cell
behavior, differentiation, and interaction in a manner more reflective of in vivo

conditions than traditional 2D cultures or even complex animal models.

¢ Enhanced Reproducibility and Translatability: A key limitation of animal models is
their often-poor translatability to human physiology due to species differences.
PepGel's platforms provide more predictive and reproducible human-centric models,
generating data that is more clinically relevant for drug screening, disease modeling,

and understanding complex biological mechanisms.

e Support for NAMs: ORIVA's mission is to foster NAMs that replace, reduce, and
refine animal testing. PepGel's scalable and robust 3D culture platforms directly
address the infrastructure needs for these new methodologies, facilitating a

significant paradigm shift towards research focused on human biology.



Background & Context

Globally, there is increasing pressure and scientific rationale to reduce reliance on animal
testing due to ethical concerns and the recognized limitations in predicting human
responses. Regulatory bodies and research institutions, including the NIH, are actively
advocating for and investing in human-relevant alternative models. 3D cell culture
technologies represent a significant advancement in this direction, allowing cells to grow
in complex, physiologically relevant structures that more closely resemble native tissues

compared to conventional 2D cultures.

Strategic Significance & Outlook

PepGel's technology is set to improve the accuracy of efficacy and toxicity assessments in
early drug discovery, potentially reducing R&D costs and shortening development
timelines for new therapeutics. As the transition to human-based 3D models gains
momentum, it is expected to foster the development of more personalized medicines
and deepen our understanding of specific diseases. This trend is a critical driver shaping

the future of biomedical research and drug development.

Source: https://pepgel.com/advancing-human-based-research-beyond-animal-models/
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#06 Aux Labs and Helaina Partner with Breweries,
Nestlé to Overcome Precision Fermentation
Manufacturing Bottlenecks

Published June 25, 2026  FoodNavigator-USA  USA

| overview

Precision fermentation startups are mitigating manufacturing capacity shortages in
the US by partnering with existing breweries and major food corporations. Aux Labs
collaborates with breweries for ingredient design and scaling strategies, while Helaina
has partnered with Nestlé for precision fermentation-derived lactoferrin production.
This trend highlights that success in next-generation alternative protein companies
depends not just on scientific breakthroughs but crucially on access and strategic
partnerships, leveraging a combination of private investment, public funding, and

commercial alliances to de-risk scale-up.
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Key Findings

Next-generation alternative protein startups are increasingly relying on strategic
partnerships and access to existing infrastructure, rather than solely on scientific
innovation, to overcome critical manufacturing shortages in the precision fermentation
sector. Companies like Aux Labs are collaborating with breweries, while Helaina has
secured a significant partnership with Nestlé for the production of precision

fermentation-derived lactoferrin.

Technical / Clinical Details

Precision fermentation involves programming microorganisms to produce specific
proteins or complex organic molecules efficiently in controlled bioreactor environments.
While the scientific principles are robust, scaling these processes from laboratory to
commercial volumes (e.g., thousands of liters) requires substantial capital investment in
large-scale bioreactors, purification facilities, and specialized operational expertise. The
US currently faces a deficit in such manufacturing infrastructure, creating a significant

bottleneck for many startups.
To address this, startups are adopting several strategies:

¢ Leveraging Existing Infrastructure: Aux Labs is partnering with breweries and other
existing bioproduction facilities to design ingredients and scale up manufacturing.
This approach significantly reduces the time and capital expenditure associated with

building new, dedicated facilities from scratch.

e Strategic Corporate Partnerships: Helaina's collaboration with Nestlé for lactoferrin,
an ingredient for the infant formula market, exemplifies how alliances with major food
companies provide access to necessary technical expertise, funding, market channels,

and regulatory navigation support for commercialization.

¢ Hybrid Funding Models: Combining private investment with public funding and
commercial partnerships helps de-risk the costly and complex scale-up phase,
enabling simultaneous advancement in technology development and manufacturing

capacity expansion.



Background & Context

The alternative protein market is experiencing rapid growth, driven by increasing
consumer demand for sustainable and health-conscious food options. Precision
fermentation is a key enabling technology within this sector. However, the transition
from proof-of-concept to commercial viability is often fraught with challenges,
commonly referred to as the 'valley of death.' Scaling up bioreactor operations from
small pilots to industrial production demands different approaches than traditional

biotechnology and food production.

Strategic Significance & Outlook

The success of precision fermentation startups hinges not only on innovative science but
also on their ability to efficiently and strategically secure manufacturing infrastructure
and market access. This trend suggests a future where more companies will adopt
collaborative development and partnership models, fostering deeper cooperation across
the entire supply chain. Such integration is expected to enable precision fermentation-
derived alternative proteins to achieve cost competitiveness and widespread adoption in
mainstream food markets, potentially having a profound impact on global food security

and sustainability.

Source: https://www.foodnavigator-usa.com/Article/2026/06/25/why-next-gen-alt-protein-startups-will-

be-built-on-access-not-just-science/
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#07 CDMO Strategies Advance Next-Gen Biopharma:
Automated Closed Systems Tackle Manufacturing
Shortages

Published June 27, 2026  World Pharma Today  Global

| overview

Contract Development and Manufacturing Organizations (CDMO) strategies are
evolving towards end-to-end service models to support the surge in next-generation
biopharmaceuticals, especially cell and gene therapies. The industry is rapidly
investing in automated, closed systems to mitigate contamination risks and enhance
product consistency. Leading CDMOs are expanding their global footprints and
deepening supplier relationships to address critical manufacturing capacity shortages

and supply chain vulnerabilities.
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Key Findings

Contract Development and Manufacturing Organization (CDMO) strategies are
undergoing a significant transformation to accommodate the burgeoning demand for
next-generation biopharmaceuticals, particularly in the cell and gene therapy (CGT)
sector. This evolution involves a shift towards comprehensive 'end-to-end' service
models and substantial investments in automated, closed manufacturing systems

designed to minimize contamination risks and ensure product consistency.

Technical / Clinical Details

Next-generation biopharmaceuticals, especially CGTs, demand highly specialized
manufacturing capabilities due to their inherent complexity. CDMOs are adopting several

technological advancements and strategic approaches to meet these demands:

e End-to-End Service Models: These models cover the entire manufacturing spectrum,
from early-stage research and development to commercial production, streamlining

processes for drug developers and accelerating time-to-market.

e Automated Closed Systems: Contamination poses a critical threat in CGT
manufacturing. Automated closed systems are engineered to minimize exposure to
external environments, ensuring product sterility and quality consistency. This
approach also potentially reduces the stringent cleanroom classifications typically

required for open processes.

¢ Specialized Viral Vector Manufacturing: Viral vectors, such as Adeno-Associated
Virus (AAV) and lentiviral vectors, are crucial components for gene delivery in CGTs.
CDMOs are heavily investing in technological development and infrastructure for

efficient, large-scale production of these complex vectors.

¢ Quality Control and Regulatory Compliance: Strict adherence to global regulatory
requirements, including Good Manufacturing Practice (GMP), and robust quality
control systems are paramount for these advanced therapeutic products, ensuring

safe and effective delivery to patients.



Background & Context

The biopharmaceutical industry is experiencing unprecedented growth, largely driven by
the increasing number of CGT approvals, particularly in oncology and rare diseases.
However, this rapid expansion has highlighted challenges such as manufacturing
capacity shortages, complex supply chains, and a scarcity of highly skilled personnel.
CDMOs play a crucial role in addressing these bottlenecks, allowing pharmaceutical

companies to focus their internal resources on core R&D activities.

Strategic Significance & Outlook

The CDMO sector is expected to continue expanding its global presence and
strengthening relationships with key suppliers to mitigate manufacturing capacity
shortfalls and supply chain vulnerabilities. This will accelerate the development and
commercialization of next-generation biopharmaceuticals, ultimately providing
innovative therapies to a wider patient population. The evolution of CDMOs is a critical

pillar supporting the growth and sustainability of the entire biopharmaceutical industry.

Source: https://www.worldpharmatoday.com/biopharma/cdmo-strategies-powering-the-next-gen-

biopharma-surge/
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#08 Cartherics to File IND for Ovarian Cancer iPSC-

Derived NK Cell Therapy CTH-401 After Asia Pacific
Award

Published July 01, 2026  Cartherics Pty Ltd  Australia
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| overview

Australian biotech Cartherics Pty Ltd was recognized as the Emerging Leader in
Allogeneic Cell Therapy at the Asia Pacific Cell & Gene Therapy Excellence Awards
2026. Leveraging its proprietary gene-edited induced pluripotent stem cell (iPSC)
platform, Cartherics enables scalable manufacturing of off-the-shelf Natural Killer
(NK) cell therapies. The company plans to submit an Investigational New Drug (IND)
application later this year for a first-in-human clinical trial of its lead candidate, CTH-
401, targeting ovarian cancer, underscoring its international leadership in allogeneic

cell therapy development.
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Key Findings

Cartherics Pty Ltd, an Australian biotechnology company, has been distinguished as the
Emerging Leader in Allogeneic Cell Therapy at the Asia Pacific Cell & Gene Therapy
Excellence Awards 2026, marking international recognition for its innovative induced
pluripotent stem cell (iPSC)-derived Natural Killer (NK) cell therapy development. The
company is slated to submit an Investigational New Drug (IND) application later this year

for a first-in-human clinical trial of CTH-401, its lead candidate targeting ovarian cancer.

Technical / Clinical Details

Cartherics' gene-edited iPSC platform offers significant advantages:

e Scalable Manufacturing: iPSCs possess indefinite self-renewal capabilities, allowing
for the mass production of consistent NK cell lines. This enables the development of
‘'off-the-shelf' therapies that can be supplied to multiple patients, in contrast to

autologous therapies that require patient-specific cell harvesting and manipulation.

¢ Gene Editing for Enhanced Functionality: The platform incorporates precise gene-
editing technologies designed to enhance the anti-tumor activity of NK cells and
improve their persistence within the challenging tumor microenvironment. This is

expected to maximize therapeutic efficacy.

e CTH-401 Target: The lead candidate, CTH-401, is aimed at ovarian cancer, a disease
with significant unmet medical needs and limited treatment options. The potential of
iPSC-derived NK cell therapy to offer a new therapeutic modality for this difficult-to-

treat malignancy is a key focus.

Background & Context

Allogeneic cell therapies are viewed as the next frontier in cell therapy, designed to
overcome the manufacturing challenges (high cost, complex logistics, and variability in
patient-derived cells) associated with autologous approaches. Advances in iPSC
technology provide a scalable and uniform cell source for this allogeneic strategy, which
is critical for accelerating the commercialization of cell therapies. Cartherics' award

highlights its leadership in driving innovation in this field across the Asia Pacific region.



Strategic Significance & Outlook

The planned IND submission for CTH-401 represents a crucial milestone in the clinical
development of allogeneic iPSC-derived NK cell therapies. Successful progression
through the initial human clinical trial could not only provide a new treatment option for
ovarian cancer patients but also broaden the application of iPSC-derived NK cells to
other solid tumors and hematological malignancies. This is a significant step towards

improving the accessibility and efficacy of cell therapies on a global scale.

Source: https://cartherics.com/cartherics-recognised-as-asia-pacific-emerging-leader-in-allogeneic-cell-
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#09 Real-Time Fermentation Monitoring Achieved with
Raman Spectroscopy-Based PAT in Food, Beverage &
Industrial Bioprocessing

Published June 30, 2026  Technology Networks  Global

| overview

Process Analytical Technology (PAT) tools, particularly Raman and Near-Infrared (NIR)
spectroscopy, are extending their application from biopharma bioreactors to
industrial fermentation for real-time monitoring in food, beverage, and other
bioprocesses. These tools provide chemically specific, non-invasive measurements of
metabolites like glucose, lactate, and glutamine, enabling closed-loop process control
without breaching sterility. This technology is crucial for optimizing and enhancing
efficiency across diverse industrial settings, including brewing and enzyme

production.
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Key Findings

Process Analytical Technology (PAT) tools, notably Raman and Near-Infrared (NIR)
spectroscopy, are now broadly adapted from biopharmaceutical bioreactors to deliver
real-time fermentation monitoring across the food, beverage, and broader industrial
bioprocessing sectors. This expansion signifies a major leap in achieving precise and

efficient control over complex biological processes.

Technical / Clinical Details

These advanced PAT tools offer transformative capabilities for process monitoring:

¢ Real-Time, Non-Invasive Measurements: Raman spectroscopy allows for direct,
real-time measurement of critical metabolites such as glucose, lactate, and glutamine
within the culture medium. Crucially, these measurements are non-invasive, as the
probe can be inserted directly into the bioreactor without compromising sterility. This
eliminates the need for manual sampling, reducing human error and contamination

risks.

e Chemical Specificity: Raman spectroscopy provides highly specific chemical
information based on molecular vibrations, enabling simultaneous identification and
quantification of multiple components in complex matrices. This specificity is vital for

accurate process understanding and control.

e Enabling Closed-Loop Process Control: By providing continuous, actionable data,
these tools facilitate the implementation of closed-loop control systems. Automated
systems can dynamically adjust process parameters (e.g., feed rates, pH, dissolved
oxygen levels) in real-time, optimizing culture conditions to maintain consistency,

maximize product yield, and ensure desired quality attributes.

¢ Broad Industrial Applicability: The success of these tools in biopharma is now being
replicated in diverse industrial bioprocessing settings. This includes optimizing
fermentation in brewing, enhancing the production of enzymes and biofuels, and
improving the efficiency of emerging fields like cultured meat and alternative protein

manufacturing.



Background & Context

The bioprocessing industry, encompassing both pharma and industrial sectors,
constantly seeks to improve product quality, reduce costs, and accelerate time-to-
market. Traditional offline analytical methods, which involve time-consuming sampling
and lab analysis, often result in delayed feedback and reactive process adjustments. PAT
addresses these limitations by providing immediate insights into process dynamics,
enabling proactive management and robust process understanding. The increasing
complexity of new bioproducts further accentuates the need for sophisticated real-time

monitoring.

Strategic Significance & Outlook

The widespread adoption of PAT and real-time monitoring technologies is set to
accelerate the digital transformation across the entire bioprocessing industry. Integrating
these tools with Al and machine learning will enable even more advanced predictive
control and process optimization, contributing to the realization of autonomous
‘Industry 4.0' biomanufacturing platforms. This promises shorter development cycles,
enhanced product quality, and the establishment of more sustainable and economically

viable production systems.

Source: https://www.technologynetworks.com/tn/articles/pat-and-fermentation-monitoring-in-food-

beverage-and-industrial-bioprocessing-413690
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#10 PackGene Biotech Accelerates Next-Gen CAR-T
Development with Lentiviral and mRNA Technologies

Published June 29, 2026  PackGene Biotech  China

I OVERVIEW

PackGene Biotech is advancing next-generation CAR-T cell development by offering
both lentiviral vector (LVV) and mRNA technologies for manufacturing. LVVs are a
core technology enabling stable, long-term expression of CAR transgenes through
genomic integration, while mRNA technologies provide a flexible, non-integrating,
and transient expression strategy for rapid screening and safety assessment. The
company focuses on delivering cost-effective, dependable, and scalable production
solutions, addressing critical challenges in CAR-T research, development, and

commercialization.
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Key Findings

PackGene Biotech is significantly accelerating the development of next-generation CAR-
T cells by providing comprehensive manufacturing solutions that integrate both lentiviral
vector (LVV) and mRNA technologies. This dual-platform approach offers distinct
advantages: LVVs ensure stable, long-term CAR transgene expression via genomic
integration, while mRNA technologies enable flexible, non-integrating, and transient

expression, ideal for rapid screening and safety evaluations.

Technical / Clinical Details

CAR-T cell therapy is a transformative personalized medicine that genetically engineers a
patient's own T cells to target and eliminate cancer cells. Efficient and safe gene delivery

systems are paramount for this process:

¢ Role of Lentiviral Vectors (LVVs): LVVs are a cornerstone technology for CAR-T
manufacturing due to their ability to stably integrate CAR transgenes into the T cell
genome. This integration ensures durable CAR expression, which is critical for the
long-term persistence and sustained anti-tumor efficacy of CAR-T cells in vivo. While
LVV-based manufacturing is complex and can be costly, it remains essential for
therapies requiring persistent gene expression. PackGene Biotech emphasizes high

titer, high purity, and safety in its GMP-compliant LVV production.

¢ Advantages of mRNA Technology: mRNA-based approaches enable transient
protein expression within target cells without genomic integration, circumventing
potential safety concerns associated with viral integration. This non-integrating nature
makes mRNA CAR-T cells highly suitable for rapid in vitro functional assessment,
screening applications, and scenarios where temporary therapeutic effects are
desired. PackGene Biotech provides solutions that support swift prototyping,
screening, and rapid evaluation in non-clinical development phases for mMRNA CAR-T

cells.



e CRO/CDMO Capabilities: As a Contract Research Organization (CRO) and Contract
Development and Manufacturing Organization (CDMO), PackGene Biotech offers
integrated solutions across AAV, lentivirus, and mRNA technologies. The company is
committed to providing cost-effective, reliable, and scalable production services,
supporting clients from discovery through clinical development and

commercialization.

Background & Context

The CAR-T cell therapy market is rapidly expanding, but faces challenges including
manufacturing complexity, high costs, and the need for robust gene delivery methods.
The supply of high-quality lentiviral vectors has particularly been a critical bottleneck for
the commercial success of CAR-T therapies. The advancements in mRNA technology
offer a new, flexible approach to these challenges, broadening the development options
for CAR-T cells.

Strategic Significance & Outlook

By offering a versatile suite of gene delivery technologies, CDMOs like PackGene Biotech
empower CAR-T cell developers to select the optimal approach for specific therapeutic
goals and safety profiles. This diversification is expected to accelerate CAR-T cell research
and development, contributing to the realization of more effective and accessible
therapies for various cancer types. The future will likely see further convergence and
optimization of these technologies, enhancing the efficiency and safety of CAR-T cell

manufacturing.

Source: https://www.packgene.com/blogs/how-lentiviral-vectors-and-mrna-technologies-support-next-

generation-car-t-cell-development/
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#11 Ossiform Explores the Nuances of 3D Cell Culture:
Structural Scaffolds and Hydrogels for Advanced
Microphysiological Systems

Published Published Published June 29, 2026  Ossiform F>~N¥—72

| overview

Ossiform has conducted an in-depth analysis of porous structural scaffolds and elastic
synthetic hydrogels, highlighting their distinct strengths and weaknesses as 3D cell
culture platforms for microphysiological systems (MPS). These platforms are critical
for accurately mimicking in vivo environments, enabling more physiologically relevant
cell behavior than traditional 2D cultures. The selection of the optimal platform is
paramount for accelerating drug discovery and regenerative medicine, tailored to

specific tissue types and research objectives.
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Background

In drug discovery and development, the ethical and scientific limitations of animal
testing, coupled with the inherent physiological irrelevance of 2D cell cultures, have
driven the demand for more predictive in vitro models. 3D cell culture addresses these
challenges by offering models that better recapitulate complex tissue architecture and
function, making them indispensable for drug efficacy and toxicity screening, disease
mechanism elucidation, and advancing tissue engineering in regenerative medicine. The
progression towards microphysiological systems (MPS) is a critical step in accelerating

drug development and obtaining more clinically translatable results.

Key Findings

Ossiform has provided a comprehensive analysis comparing porous structural scaffolds
and elastic synthetic hydrogels, highlighting their distinct advantages and limitations as
3D cell culture platforms. This elucidation is crucial for researchers seeking to develop
microphysiological systems (MPS) that accurately mimic in vivo environments, thereby
enabling cells to behave in a more physiologically relevant manner than in traditional 2D

cultures.

Technical Deep Dive: Platform Comparison

3D cell culture methodologies represent a significant leap from traditional 2D
approaches, allowing cells to grow in a more native, three-dimensional context.
Ossiform's comprehensive analysis focuses on two primary categories of these advanced

platforms:

e Porous Structural Scaffolds:

o Characteristics: These are typically made from biocompatible polymers or
ceramics and feature interconnected pores that allow cells to infiltrate and
colonize the internal structure. They can be engineered with controlled stiffness

and shape, making them suitable for mimicking rigid tissues like bone or cartilage.

o Advantages: Provide structural integrity and mechanical support for cell growth,
promoting tissue morphogenesis and differentiation. They are often favored for

long-term cultures and in vivo implantation studies.



o Limitations: Nutrient and oxygen diffusion can be a challenge, potentially limiting
cell viability in deeper regions. Reproducibility can also be a concern depending on

material selection and fabrication methods.

¢ Elastic Synthetic Hydrogels:

o Characteristics: Composed of hydrophilic polymer networks capable of absorbing
and retaining large amounts of water, these materials are soft and flexible. They
can be derived from natural polymers (e.g., gelatin, collagen, fibrin) or synthetic

polymers (e.g., polyethylene glycol - PEG).

o Advantages: Their inherent flexibility makes them excellent for mimicking soft
tissues such as brain, liver, or kidney. They facilitate superior nutrient and oxygen
diffusion, creating a more favorable environment for cell growth. Synthetic
hydrogels offer precise control over their composition, ensuring high

reproducibility and ease of customization for specific research applications.

o Limitations: Their structural support is generally limited, making them less
suitable for long-term cultures or mimicking tissues under significant mechanical

load.

The selection of the appropriate platform is highly dependent on the research objective,
the specific tissue type to be mimicked, the desired cellular behaviors, and scalability

requirements for subsequent applications.

Strategic Significance & Outlook

3D cell culture technology is anticipated to continue its rapid evolution, enabling the
construction of even more complex and functional human tissue models. Particularly,
hybrid approaches combining the strengths of both scaffolds and hydrogels, alongside
the development of novel, biomimetic materials, will significantly enhance precision and
efficiency in personalized medicine, drug screening, and toxicology testing. This will
further reduce reliance on animal experimentation and establish a robust foundation for

accelerating the development of new therapeutic modalities.

Source: https://ossiform.com/hydrogels-and-structural-scaffolds-in-3d-cell-culture/
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#12 Precision Fermentation Enables Plant-Based Food
Growth by Providing Functional Ingredients, Not
Competing

Published June 26, 2026  The Plant Base Mag  Global

| overview

Precision fermentation is positioned as an enabler for the plant-based food industry,
rather than a competitor, by supplying functional ingredients that enhance existing
formulations. The industry's focus is shifting towards robust process development,
scale-up, and technical data to support commercial deployment. This integrated
model addresses performance limitations in plant-based products, such as flavor
authenticity and texture fidelity, by introducing fermentation-derived proteins,

thereby improving overall quality.



| N DEPTH

Key Findings

Precision fermentation is strategically positioned as a powerful enabler for the plant-
based food industry, rather than a competitor. This technology offers functional
ingredients that significantly enhance the performance of existing plant-based
formulations, driving the overall growth of the sector. The industry focus is shifting from
mere proof-of-concept to robust process development, scale-up, and the generation of

solid technical data to support large-scale commercial deployment.

Technical / Clinical Details

Precision fermentation involves cultivating specific microorganisms in bioreactors to
efficiently produce desired proteins, enzymes, or flavor molecules. This allows for the
creation of ingredients that are chemically identical or functionally analogous to animal-

derived components, but produced through a more sustainable process.

¢ Providing Functional Ingredients: Precision fermentation addresses critical
challenges in plant-based foods related to flavor, texture, and nutritional profiles. It
supplies highly functional ingredients (e.g., dairy proteins, egg proteins, heme
molecules) that enable plant-based alternatives to deliver an ‘authentic' experience

comparable to conventional animal products, meeting consumer expectations.

e Emphasis on Process Development and Scale-Up: Scaling from laboratory research
to commercial production in thousands of liters of bioreactor capacity is imperative.
This necessitates optimizing microbial strains, reducing media costs, developing

efficient purification processes, and rigorous management of production data.

¢ Importance of Technical Data: Comprehensive technical data and analytical results
are crucial for ensuring product safety and securing regulatory approvals. This builds

trust among consumers and regulatory bodies.



Background & Context

The plant-based food market has expanded rapidly in recent years, yet some products
still face challenges in matching the taste and texture of conventional animal-based
counterparts. Precision fermentation has emerged as a promising solution to bridge this
‘performance gap.' This technology is expected to accelerate the transition to sustainable
food systems and contribute to climate change mitigation. Major food manufacturers are
also integrating precision fermentation-derived ingredients into their product portfolios,

signaling a broader industry transformation.

Strategic Significance & Outlook

The integrated model of precision fermentation and the plant-based food industry is
expected to evolve further and potentially shape the mainstream market. Through
collaborative development and strategic partnerships, as manufacturing costs decrease
and production scales increase, precision fermentation-derived ingredients can be
applied to a wide range of food products. This will enable the provision of diverse, high-
quality plant-based foods to consumers, playing a crucial role in enhancing food
production sustainability and reducing the environmental footprint of global food

systems.

Source: https://www.theplantbasemag.com/news/why-precision-fermentation-is-enabling-plant-based-

not-competing-with-it
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#13 Novo Nordisk Partners with India's Shantha
Biologics for Global Cartridge Fill-Finish Services

Published July 01, 2026  The SouthFirst India

| overview

Novo Nordisk has signed an outsourcing agreement with Hyderabad-based Shantha
Biologics for cartridge fill-finish manufacturing services for its global supply chain.
This strategic collaboration signifies Shantha Biologics' expansion beyond vaccine
manufacturing into specialized sterile injectable manufacturing and highlights India's
growing role in advanced biologics production. The agreement addresses the rising
demand for sophisticated sterile manufacturing and cartridge-based delivery systems,
driven by advancements in biologic medicines like insulin analogues and monoclonal

antibodies.
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Key Findings

Novo Nordisk has strategically partnered with Shantha Biologics, an Indian biotech
company based in Hyderabad, to secure cartridge fill-finish manufacturing services for its
global supply chain. This outsourcing agreement marks a significant expansion for
Shantha Biologics beyond its traditional vaccine manufacturing into the highly
specialized field of sterile injectable production, affirming India's increasing prominence

in advanced biologics manufacturing.

Technical / Clinical Details

The agreement tasks Shantha Biologics with providing critical cartridge fill-finish services,

a final stage in the manufacturing process of Novo Nordisk's biologic products:

e Cartridge Fill-Finish Manufacturing: This involves the sterile filling and sealing of
drug substances into cartridge-based delivery systems. It is an essential step for
injectable biologics, such as insulin analogues and monoclonal antibodies, ensuring

product stability, sterility, and efficacy.

e Expertise in Sterile Manufacturing: Biologics require extremely stringent sterile
manufacturing conditions to prevent contamination, demanding sophisticated
technologies and rigorous quality control. Shantha Biologics' long-standing
experience in biologics production positions it to meet Novo Nordisk's global quality

standards.

e Addressing Growing Demand: The biopharmaceutical market is expanding rapidly,
with increasing demand for biologics, particularly those used for chronic disease
management. Cartridge-based delivery systems are gaining popularity due to
enhanced patient convenience and ease of self-administration, especially in diabetes

management, necessitating robust manufacturing capacities for these formats.



Background & Context

The biopharmaceutical industry is increasingly adopting outsourcing models, allowing
pharmaceutical companies to concentrate their resources on core research and
development while leveraging specialized CDMOs (Contract Development and
Manufacturing Organizations) for manufacturing. There's a particular demand for
CDMOs capable of handling advanced sterile manufacturing and specific drug delivery
systems. India, with its skilled scientific workforce and competitive manufacturing costs,
is solidifying its position as a key hub for biologics production. The partnership between
Shantha Biologics and Novo Nordisk underscores that local manufacturing capabilities

are meeting the quality and scale requirements of major global pharmaceutical players.

Strategic Significance & Outlook

This collaboration will contribute to the diversification and resilience of Novo Nordisk's
supply chain, ensuring stable global access to essential medicines for patients. For
Shantha Biologics, it signifies an expansion of business opportunities beyond vaccines
and a deepening of its expertise in advanced biologics manufacturing. In the long term,
Indian CDMOs are expected to play an even more strategic role in the global
biopharmaceutical manufacturing ecosystem, driving innovation and efficiency across

the industry.

Source: https://thesouthfirst.com/health/novo-nordisk-partners-with-hyderabads-shantha-biologics-for-

cartridge-fill-finish-services/
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#14 Hyperspectral.ai Bridges Bioprocess Visibility Gap
with Raman Chemometrics for Real-Time PAT

Published June 29, 2026  Hyperspectral.ai  USA

I OVERVIEW

Hyperspectral.ai has unveiled a technology that enables real-time, non-invasive
monitoring of mammalian cell culture processes by combining Raman spectroscopy
with chemometric and machine learning models. This end-to-end workflow covers
spectral acquisition, automated quality assessment, model development, and
validation, ensuring robust applications for monitoring key process parameters and
quality attributes. A core focus is the integration of these analytical capabilities into
standardized digital laboratory environments, such as SiLA-compliant systems,

significantly enhancing bioprocess visibility and control.
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Key Findings

Hyperspectral.ai has introduced a groundbreaking technology that seamlessly integrates
Raman spectroscopy with advanced chemometric and machine learning models to
provide real-time, non-invasive Process Analytical Technology (PAT) visibility for
mammalian cell culture processes. This innovation delivers unprecedented insights into
dynamic culture conditions, enabling enhanced control and optimization previously

unattainable with traditional methods.

Technical / Clinical Details

The core of this advanced PAT solution comprises several integrated components:

e Raman Spectroscopy for Real-Time Monitoring: Raman spectroscopy allows for
direct, real-time measurement of critical metabolites like glucose, lactate, and
ammonia, as well as biomass concentration, directly within the bioreactor. This non-
invasive approach eliminates the need for manual sampling, preserving sterility and
reducing the risk of contamination while providing continuous data streams on

culture progression.

e Chemometrics and Machine Learning Integration: The raw Raman spectral data
are processed using sophisticated chemometric algorithms and machine learning
models. This analytical pipeline extracts meaningful process parameters from complex
spectral fingerprints, building highly predictive models for key process parameters
(KPPs) and critical quality attributes (CQAs). The system provides an end-to-end
workflow from data acquisition to model validation, ensuring robust and reliable

monitoring.

e Automated Quality Assessment and Process Forecasting: The system facilitates
automated quality assessment, enabling early detection of process deviations and
forecasting of future process behavior. This empowers operators to make timely,
informed decisions, reducing batch-to-batch variability and enhancing product

consistency and quality.



o Standardized Digital Lab Integration: A significant focus is placed on the
integration of these analytical capabilities into standardized digital laboratory
environments, such as those compliant with SiLA (Standardization in Lab Automation).
This ensures seamless data sharing and interoperability between different instruments
and software platforms, streamlining data management and facilitating data-driven

decision-making across the bioprocess workflow.

Background & Context

In biopharmaceutical manufacturing, particularly in cell culture processes, numerous
parameters influence product quality, yield, and cost. Traditional offline analytical
methods, characterized by time-consuming sampling and laboratory analysis, often fail
to capture the real-time dynamics of the process, creating a 'visibility gap.' This gap has
been a major impediment to process optimization and scale-up. PAT has emerged as an
indispensable tool to bridge this gap, offering a deeper understanding and control over

complex biological systems.

Strategic Significance & Outlook

Real-time PAT, powered by Raman chemometrics and machine learning, is a critical
technology shaping the future of bioprocess manufacturing. It is poised to significantly
reduce process development timelines, lower manufacturing costs, and improve product
quality. Its integration with continuous manufacturing processes and closed systems will
accelerate the realization of more autonomous and efficient 'Industry 4.0’
biomanufacturing platforms. This will lead to faster market entry for new biological drugs

and improved patient access to life-changing therapies.

Source: https://www.youtube.com/watch?v=KX6z8IgFsiQ
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#15 Bioneer Unveils BioSPHEER™: A 3D Cancer Model
Revolutionizing Solid Tumor Drug Discovery

Published Published Published June 29, 2026  Bioneer T >~N¥—7

I OVERVIEW

Bioneer has launched BioSPHEER™, an innovative in vitro 3D cancer platform
designed to significantly enhance drug efficacy prediction for solid tumors. This
platform generates high-fidelity tumor models by assembling fibroblast and cancer
cell spheroids, accurately recapitulating the complex tumor microenvironment and
cellular heterogeneity. BioSPHEER™ offers advanced insights for drug screening,
including sophisticated immunotherapies, promising to accelerate drug development

and reduce clinical attrition rates.
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Background

For decades, oncology drug development has grappled with the inherent limitations of
conventional in vitro and in vivo models. Two-dimensional (2D) cell cultures, while
foundational, vastly oversimplify the intricate cellular architecture and
microenvironmental cues crucial for tumor progression and drug response. Conversely,
animal models, though biologically complex, often suffer from species-specific
physiological differences and ethical considerations, leading to suboptimal translatability
of preclinical findings to human clinical outcomes. The emergence of three-dimensional
(3D) cell culture technologies, particularly organoids and spheroids, is now addressing
these critical gaps by providing more physiologically relevant in vitro systems. Bioneer's
BioSPHEER™ platform represents a significant advancement in this progression, offering

a next-generation approach to cancer modeling.

Key Findings

Bioneer has introduced BioSPHEER™, a state-of-the-art in vitro 3D cancer platform
engineered to substantially improve the predictive accuracy of drug efficacy against solid
tumors. This innovative system constructs bespoke tumor models using spheroids
meticulously composed of fibroblasts and cancer cells, thereby accurately simulating the
intricate complexity and cellular diversity characteristic of the tumor microenvironment
(TME). These models offer insights superior to those gleaned from conventional 2D

cultures and traditional animal models.

e Customizable Tumor Models: BioSPHEER™ provides the flexibility to create tailored
tumor models by combining specific types and ratios of fibroblast and cancer cell
spheroids. This allows researchers to precisely mimic the heterogeneous cellular
composition of various tumors, enabling a more accurate assessment of differential

responses to therapeutic agents.



¢ Advanced TME Recapitulation: The platform's sophisticated 3D spheroid
architecture effectively recapitulates critical aspects of the tumor microenvironment,
including angiogenesis, immune cell infiltration, and complex extracellular matrix
interactions. These elements are fundamental to cancer progression and drug
resistance. By fostering cellular behavior that closely resembles in vivo conditions,
BioSPHEER™ facilitates a more precise evaluation of drug penetration, metabolism,

and pharmacodynamic effects within a physiologically relevant context.

e Enhanced Predictive Insights: BioSPHEER™ offers invaluable predictive insights into
crucial cell-to-cell interactions and mechanisms of drug resistance—factors frequently
overlooked or inadequately represented in conventional 2D cultures. This capability is
instrumental in accelerating the identification of promising drug candidates early in
the discovery process, thereby mitigating the high attrition rates typically associated

with later-stage clinical development.

e Optimized for Immunotherapy Evaluation: Particularly for advanced immune cell
therapies such as CAR T cells, BioSPHEER™ provides a more realistic 3D environment
to assess the intricate interactions between immune cells and tumor cells. This
significantly improves the predictive accuracy of therapeutic outcomes for these

complex and rapidly evolving treatments.

The development of high-fidelity 3D cancer models like BioSPHEER™ establishes a more
reliable and biologically relevant platform for comprehensive drug screening, toxicology
testing, and the advancement of personalized medicine strategies. This is projected to
markedly enhance the efficiency of drug development, reduce associated timelines and
costs, and ultimately expedite the creation of safer and more effective therapies for
patients. Looking ahead, the anticipated integration of BioSPHEER™ with artificial
intelligence is expected to enable even more sophisticated drug efficacy prediction and
personalized treatment strategy formulation, further transforming the landscape of

oncology research and clinical practice.

Source: https://bioneer.dk/our-services/biospheer-3d-cancer-model/
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#16 Precision Fermentation Targets Production Cost &
Scale-Up Challenges for Sustainable Food Industry

Published June 26, 2026  MyTeknologia  Global

| overview

Precision fermentation, an advanced method for producing specific molecules in
controlled bioreactor systems, offers a new pathway for a sustainable food industry.
This technology holds the potential to produce proteins like milk and egg proteins
without animals, significantly reducing land and water consumption. However, high
production costs due to limited industrial scale, complex purification processes, and
expensive bioprocess infrastructure pose significant challenges, necessitating urgent

scale-up and optimization to realize its sustainable food system promise.
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Key Findings

Precision fermentation presents a transformative pathway for a sustainable food industry
by enabling the precise production of specific molecules within controlled bioreactor
systems. While this advanced method holds immense potential to produce essential
proteins like milk and egg proteins without animal agriculture, thereby significantly
reducing land and water consumption, it faces critical challenges in high production
costs, limited industrial scale, and complex purification processes that demand urgent

scale-up and optimization efforts.

Technical / Clinical Details

Precision fermentation involves genetically engineering microorganisms (such as yeast,
fungi, or bacteria) to produce desired high-value components—like proteins, fats, or

flavor compounds—in a nutrient-rich culture medium within bioreactors.

e Contribution to Sustainability: By producing key proteins (e.g., casein, whey,
ovalbumin) without animals, precision fermentation drastically reduces the
environmental footprint associated with traditional livestock farming, including
extensive land and water usage, and greenhouse gas emissions. This aligns with the

United Nations Sustainable Development Goals (SDGs).

¢ Product Quality and Versatility: Ingredients manufactured through precision
fermentation can be designed to eliminate allergens or optimize specific nutritional
profiles. This enhances the taste and texture of plant-based foods, contributing to the

development of more diverse and innovative food products.
¢ Key Challenges:

o High Production Costs: Current precision fermentation products often face
higher production costs compared to conventional agricultural products, primarily
due to expensive media components, high energy consumption, and significant

initial capital investment.

o Limited Industrial Scale: Scaling up from laboratory to commercial production
requires complex engineering, large-scale bioreactors, sophisticated purification

facilities, and specialized operational expertise, which is currently a bottleneck.



o Complex Purification Processes: Achieving high purity for the target
components necessitates advanced and often costly downstream purification

processes, which add to the overall expense.

Background & Context

Amid global population growth and escalating climate change concerns, conventional
food production systems are facing sustainability limits. While cultured meat and plant-
based alternatives gain traction, precision fermentation is heralded as a technology that
can enhance the functionality of these products and create entirely new food categories.
Governments, venture capitalists, and major food corporations are making substantial

investments in this sector, accelerating technological innovation and commercialization.

Strategic Significance & Outlook

To fully harness the sustainable potential of precision fermentation technology, reducing
production costs and establishing efficient manufacturing processes at an industrial scale
are imperative. This will likely be achieved through optimization of media components,
innovations in bioreactor design, Al-driven process control, and streamlining
downstream processing. Overcoming these challenges will position precision
fermentation as a crucial pillar in transforming global food systems, building a more

sustainable and secure future for both the planet and humanity.

Source: https://myteknologia.com/2026/06/26/future-protein-precision-fermentation-and-a-new-

pathway-for-a-sustainable-food-industry/
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#17 CDMO Signal Ranks Top FDA & GMP-Compliant
Lentiviral Vector Manufacturing CDMOs

Published July 03, 2026  CDMO Signal  Global

| overview

CDMO Signal has released a ranking of top Lentiviral Vector (LVV) CDMOs, crucial for
ex vivo gene therapy, based on FDA inspection history, GMP certification, clinical
program activity, and capacity. LVVs are utilized in CAR-T and hematopoietic stem cell
modification, demanding full GMP compliance. Key evaluation criteria for choosing a
CDMO include BSL-2 containment, a mature suspension or adherent platform, robust
analytics (titer, potency, RCL testing), and a clean regulatory record, providing critical

guidance for developers seeking optimal partners.
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Key Findings

CDMO Signal has published a comprehensive ranking of top Contract Development and
Manufacturing Organizations (CDMOs) specializing in Lentiviral Vector (LVV)
manufacturing, which are indispensable for ex vivo gene therapy. This ranking is based
on rigorous criteria including FDA inspection history, GMP certification, clinical program
activity, and overall capacity, underscoring the critical role of LVVs in advanced therapies

such as CAR-T cells and hematopoietic stem cell modifications.

Technical / Clinical Details

Lentiviral vectors play a pivotal role in cell and gene therapies requiring long-term gene
expression, such as CAR-T cell therapies, due to their ability to stably integrate genetic
material into the host cell genome. Their manufacturing demands highly specialized
expertise and stringent quality control, with the following factors being paramount in

evaluating CDMOs:

e BSL-2 Containment: Given that lentiviruses are biological agents, manufacturing
must take place in facilities meeting or exceeding Biosafety Level 2 (BSL-2)

containment standards.

¢ Mature Manufacturing Platforms: CDMOs must possess established platforms,
whether suspension or adherent-based, capable of efficient and large-scale LVV

production. This ensures a consistent supply of vectors with high titer and purity.

¢ Robust Analytical Capabilities: Comprehensive and reliable quality control analytics
are crucial, including assays for titer (vector infectivity), potency (therapeutic effect),

and replication-competent lentivirus (RCL) testing (for safety assurance).

¢ Clean Regulatory Record: A positive inspection history from regulatory bodies like
the FDA is a vital indicator of a CDMO's quality systems and adherence to GMP,

instilling confidence in their manufacturing processes.

These criteria directly inform whether a CDMO can reliably supply LVVs while ensuring

safety, efficacy, and regulatory compliance for cell therapy developers.



Background & Context

The gene and cell therapy sectors are rapidly expanding due to the increasing approval
of novel therapies and heightened clinical trial activity. This has led to an explosion in
demand for high-quality viral vectors, with LVVs specifically becoming a bottleneck for
CAR-T cell manufacturing. Pharmaceutical companies often lack the internal capacity for
vector manufacturing, making outsourcing to specialized CDMOs an essential strategic
move. This accelerates development timelines and expedites the path to

commercialization.

Strategic Significance & Outlook

The identification and evaluation of top LVV manufacturing CDMOs are critical for the
sustained growth of the gene therapy field. Transparent rankings and evaluation criteria
assist pharmaceutical companies in selecting optimal partners, thereby efficiently
advancing their development pipelines. In the future, these CDMOs are expected to
further expand their production capacities, integrate automation and continuous
manufacturing processes, and adapt to new vector technologies, supporting the broader

market penetration of gene therapy products.

Source: https://cdmosignal.com/modality/lentiviral
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#18 Biologics Outsourcing Redefined: Modality
Expertise & End-to-End Integration Key for
Partnerships

Published July 01, 2026  Bioprocess Online  USA

| overview

Biologics manufacturing outsourcing is evolving into strategic partnerships focused
on modality expertise, regulatory excellence, and end-to-end integration, moving
beyond mere cost savings. To support increasingly complex therapeutic platforms,
developers prioritize single-use operational flexibility and robust regulatory
compliance. Cultivating deep technical expertise in emerging areas like advanced cell
therapies and mRNA platforms is crucial to navigate global supply vulnerabilities and

avoid delays, redefining value in outsourcing partnerships.
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Key Findings

The paradigm of biologics manufacturing outsourcing is undergoing a significant
redefinition, shifting from a cost-driven transaction to strategic partnerships deeply
rooted in modality-specific expertise, regulatory excellence, and end-to-end integration.
This evolution is driven by the advent of increasingly complex next-generation

therapeutic platforms, such as cell and gene therapies and mRNA vaccines.

Technical / Clinical Details

In this redefined outsourcing landscape, CDMOs (Contract Development and

Manufacturing Organizations) are expected to provide value through:

e Modality Expertise: Deep specialization in specific therapeutic modalities—whether
antibodies, recombinant proteins, cell therapies, gene therapies, or mMRNA—is
paramount. Each modality presents unique manufacturing challenges and regulatory

requirements, necessitating highly specialized CDMOs.

¢ Regulatory Excellence: The ability to navigate complex global regulatory landscapes
(e.g., FDA, EMA, PMDA) is directly linked to product approval and market entry.
CDMOs must demonstrate adherence to stringent GMP standards and possess

expertise in managing intricate regulatory interactions.

e End-to-End Integration: Integrated services, spanning from early development to
clinical trials and commercial manufacturing, streamline processes, reduce
development timelines, and mitigate technology transfer risks. Cohesion across the

entire supply chain is critical for ensuring final product quality and supply stability.

¢ Single-Use Operational Flexibility: Single-use bioreactors and systems offer
advantages like rapid batch-to-batch turnover, reduced contamination risk, and
eliminated cleaning/sterilization costs. This flexibility is particularly crucial for multi-

product facilities, small-batch production, and rapid scale-up needs.



Background & Context

The biopharmaceutical industry is undergoing rapid transformation, marked by the
emergence of groundbreaking technologies like gene editing, CAR-T cells, and mRNA
vaccines. These novel therapies demand manufacturing processes far more complex and
quality control measures more rigorous than traditional small molecules or antibody
drugs. Consequently, pharmaceutical companies find it challenging to maintain all
manufacturing capabilities in-house, making partnerships with specialized and

experienced CDMOs an indispensable strategy.

Strategic Significance & Outlook

The relationship between CDMOs and developers is poised to deepen further, evolving
beyond mere supplier-client dynamics into strategic co-development partnerships.
CDMOs will become critical pillars supporting the growth and sustainability of the
biopharmaceutical industry by investing in advanced technology platforms, talent
development, and robust supply chain risk management. This new partnership model is
expected to be instrumental in rapidly and efficiently addressing global healthcare needs

and delivering innovative therapies to patients worldwide.

Source: https://www.bioprocessonline.com/doc/redefining-value-in-biologics-outsourcing-partnerships-
0001
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#19 Histocell Ramps Up Advanced Cell Therapy
Manufacturing with New 800m? GMP Facility,
Targeting 1200 Batches Annually

Published Published Published Date unknown REPROCELL XXX >

| overview

Histocell has inaugurated an 800m? Advanced Therapies GMP facility, dramatically
increasing its cell manufacturing capacity to an estimated 1,200 batches annually for
both autologous and allogeneic treatments. This state-of-the-art unit is designed to
support all development phases, from preclinical research to commercial production
of cell therapy stocks and cell-derived biologics. The expansion, particularly relevant
with technologies like REPROCELL's hypoimmune iPSCs, promises to accelerate the

scalable development of 'off-the-shelf' cell therapies.
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Background

The landscape of cell therapy is undergoing rapid expansion, driven by transformative
breakthroughs such as CAR-T cell therapies and induced pluripotent stem cell (iPSC)-
derived treatments. Despite this formidable progress, scaling up the manufacturing of
these advanced therapies to consistently ensure both high quality and sufficient quantity
presents a considerable, multi-faceted challenge. The scarcity of GMP-compliant
production facilities and highly specialized expertise frequently creates significant
bottlenecks within the development pipeline. Consequently, strategic investments by
Contract Development and Manufacturing Organizations (CDMOs) such as Histocell are
paramount to surmount these hurdles and accelerate the commercialization of

potentially life-changing cell therapies.

Key Findings

Histocell has officially unveiled a significant expansion of its manufacturing capabilities
with the commissioning of an 800 m? Advanced Therapies Good Manufacturing Practice
(GMP) cell production unit. This state-of-the-art facility is engineered to produce
approximately 1,200 batches per year, catering to both autologous (patient-specific) and
allogeneic (‘off-the-shelf') therapies. This substantial increase in capacity directly
addresses the escalating demand within the rapidly expanding cell and gene therapy
sector. The strategic expansion is meticulously designed to provide comprehensive
support across all development phases, spanning preclinical research, clinical trials, and

ultimately, commercial-scale manufacturing.
Key technical specifications and enhanced capabilities of the new unit include:

¢ Extensive Manufacturing Versatility: The facility is robustly equipped to handle
both autologous cell therapies, which meticulously utilize a patient's own cells, and
allogeneic cell therapies, which strategically leverage cells from healthy donors for
broader patient application. This inherent versatility is paramount for supporting a

diverse and rapidly expanding pipeline of advanced cell therapy products.



e Broad Product Portfolio: Beyond foundational cell therapy stocks, the unit
possesses the capability to manufacture sophisticated cell-derived biologics,
encompassing therapeutic molecules either extracted from or secreted by cells. This
significantly expands its utility and responsiveness to the multifaceted demands of
Advanced Therapy Medicinal Products (ATMPs).

e Rigorous GMP Compliance: Unwavering adherence to the highest Good
Manufacturing Practice (GMP) standards is intrinsically embedded in the facility's
design and operational protocols. This stringent compliance is critical for ensuring the
consistent quality, safety, and efficacy of all manufactured cell products, thereby

streamlining regulatory approval pathways.

¢ Synergy with REPROCELL's StemEdit Platform: A particularly significant strategic
implication arises from the inherent synergy with complementary technologies such
as REPROCELL's StemEdit platform. This innovative platform specializes in developing
‘hypoimmune iPSCs' (induced pluripotent stem cells) through advanced gene-editing
techniques. These meticulously engineered iPSCs are designed to effectively evade
host immune rejection, positioning them as promising universal donor cell sources.
Histocell's significantly expanded manufacturing capacity, when seamlessly coupled
with such hypoimmune iPSC technology, transforms the scalable production of 'off-
the-shelf' allogeneic cell therapies from a theoretical concept into a tangible,

accelerated reality.

This strategic expansion by Histocell is poised to significantly accelerate both the clinical
development and market accessibility of advanced cell therapy products. An annual
production capacity of 1,200 batches not only enables simultaneous support for multiple
clinical programs but also ensures a stable and reliable supply for commercialized
therapies. The synergistic potential with REPROCELL's hypoimmune iPSC technology is
particularly noteworthy, directly addressing the critical challenge of immune rejection
inherent in allogeneic cell therapies. This collaboration promises to contribute
substantially to the development of more accessible, effective, and truly 'off-the-shelf’
cell therapeutics, thereby making groundbreaking treatment options more readily

available to patients worldwide.

Source: https://www.reprocell.com/clinical-stem-cell-services/histocell-our-gmp-cell-manufacturing-
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#20 arXiv Paper: Raman Data Fusion & ML Improve Cell
Culture Process Forecasting Accuracy

Published June 26, 2026 arXiv USA

-
-

I OVERVIEW

A new arXiv paper introduces a multipath adaptive gated bottleneck latent ODE with
Raman data fusion, significantly improving cell culture process forecasting accuracy,
evaluated on fed-batch 5L bioreactor runs. The research leverages spectroscopic soft
sensors based on Raman spectroscopy for real-time estimation of metabolite and
biomass concentrations. The integration of machine learning-based soft sensors with
Raman data enriches sparse offline measurements, leading to more robust training
and substantially improved forecasting accuracy, thereby enhancing bioprocess

optimization and control.
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Key Findings

A recently published research paper on arXiv introduces a novel '‘Multipath Adaptive
Gated Bottleneck Latent Ordinary Differential Equation (ODE)' model that significantly
enhances the accuracy of cell culture process forecasting. Evaluated on fed-batch 5L
bioreactor runs, this model integrates Raman data fusion and machine learning to
overcome limitations of traditional predictive models, offering unprecedented insights

into dynamic bioprocesses.

Technical / Clinical Details

The core technological advancements presented in this research include:

e Raman Spectroscopy-Based Soft Sensors: Raman spectroscopy serves as a
powerful tool for non-invasive, real-time estimation of key metabolite concentrations
(e.g., glucose, lactate) and biomass within the culture broth. This allows for
continuous monitoring of cellular states during the process, capturing dynamic
changes that are critical for timely intervention and optimization. Probes are directly

inserted into bioreactors, maintaining sterile conditions while acquiring data.

e Multipath Adaptive Gated Bottleneck Latent ODE Model: This novel machine
learning model is designed to learn from time-series data (Raman spectra and sparse
offline measurements) and capture the complex, non-linear dynamics inherent in cell
culture processes. The 'latent ODE' component models the continuous underlying
changes, while adaptive gates and bottleneck layers enhance noise resilience and

efficient feature extraction from high-dimensional data.

e Data Fusion Approach: The model effectively fuses real-time Raman spectral data
with intermittently acquired (sparse) offline measurements (e.g., detailed metabolite
analysis by HPLC). This data fusion allows the model to learn from a richer
information source, providing robust predictive capabilities even in scenarios where

frequent offline measurements are impractical.

e Enhanced Forecasting Accuracy: Evaluations in fed-batch 5L bioreactor runs
demonstrated that this model achieved substantially higher predictive accuracy for
key process parameters, such as cell growth, metabolite consumption, and product

formation, compared to state-of-the-art alternative models.



Background & Context

Cell culture processes in biopharmaceutical manufacturing are complex dynamic systems
that significantly impact product quality and yield. Accurate process forecasting and
control are essential for efficient manufacturing and ensuring product consistency.
However, limitations arise from the scarcity of real-time data and the inherent non-
linearity of biological processes. The integration of Process Analytical Technology (PAT)
and machine learning is a critical trend aimed at overcoming these challenges, enabling

more data-driven biomanufacturing.

Strategic Significance & Outlook

The predictive model presented in this research holds significant promise as a decision-
support tool in bioprocess engineering. More accurate process forecasting directly
translates to optimized feeding strategies, maximized yields, early detection of process
deviations, and reduced risks during scale-up. In the future, such Al-driven models are
expected to integrate with autonomous bioreactor systems and digital twin
technologies, further enhancing overall manufacturing efficiency and quality. This will
accelerate the development timelines for new biopharmaceuticals and improve patient

access to groundbreaking therapies.

Source: https://arxiv.org/html/2606.26520v1
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#21 Market Report: US Autologous CAR-T Cell Therapy

Process Optimization Market Driven by Efficiency &
Cost Reduction Needs

Published June 29, 2026 Intel Market Research  USA

| overview

This article summarizes the "United States Autologous CART Cell Therapy Process
Optimization Market Outlook 2026-2034" report. The US autologous CAR-T cell
therapy process optimization market is driven by the imperative to enhance
manufacturing efficiency, reduce production costs, and improve product quality
consistency. Leading players are actively investing in automated, closed-system
manufacturing platforms, advanced analytics, and novel vector technologies. The
market is also shaped by strategic partnerships and a focus on intellectual property
for clinical and commercial manufacturing solutions, addressing bottlenecks in

personalized therapies.
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Key Findings

This article provides an overview of the "United States Autologous CART Cell Therapy
Process Optimization Market Outlook 2026-2034" report. The US market for optimizing
autologous CAR-T cell therapy processes is projected for significant growth, primarily
driven by the critical need to enhance manufacturing efficiency, drastically reduce
production costs, and ensure consistent product quality for these highly personalized

treatments.

Technical / Clinical Details

According to the report, the US autologous CAR-T cell therapy process optimization

market is characterized by several key trends and technological drivers:

¢ Improved Manufacturing Efficiency and Cost Reduction: Autologous CAR-T cell
therapies are inherently complex and expensive due to their personalized nature. A
major driving force in the market is the push for greater efficiency, aiming to shorten

manufacturing timelines, reduce labor intensity, and lower overall operational costs.

¢ Investment in Automated Closed-System Manufacturing: To minimize
contamination risks and enhance process reproducibility, investments in automated,
closed-system manufacturing platforms are accelerating. This approach significantly
reduces the potential for human error in GMP (Good Manufacturing Practice)

environments.

e Advanced Analytics and Novel Vector Technologies: The market's growth is
supported by the development of new viral vectors (e.g., lentivirus, adeno-associated
virus) and non-viral vector technologies that enable more efficient and safer gene
transfer, alongside the adoption of Process Analytical Technology (PAT) for real-time

monitoring.

e Strategic Partnerships and Intellectual Property: To overcome manufacturing
bottlenecks and accelerate market entry, strategic partnerships between major
pharmaceutical companies and CDMOs (Contract Development and Manufacturing
Organizations) are becoming more prevalent. Securing intellectual property (IP) for
proprietary manufacturing technologies and processes is also crucial for establishing

competitive advantages.



These initiatives collectively aim to optimize the supply chain and scale production,
making personalized CAR-T cell therapies more accessible to a broader patient

population.

Background & Context

Autologous CAR-T cell therapy has revolutionized the treatment of certain hematological
malignancies. However, its widespread adoption has been challenged by the labor-
intensive, costly, and complex manufacturing process, which involves collecting patient-
specific T cells, genetically modifying them, expanding them ex vivo, and then reinfusing
them. The need for process optimization is paramount to transition these life-saving
therapies from niche treatments to more widely available and economically sustainable

options.

Strategic Significance & Outlook

The continued focus on process optimization will be critical for the long-term viability
and expansion of the autologous CAR-T cell therapy market. By driving down costs and
improving efficiency, these therapies can become more affordable and accessible. The
trend towards automation and advanced analytical tools will also enhance product
quality and consistency, building greater confidence among clinicians and regulators.
Strategic alliances and IP protection will further solidify the competitive landscape,

paving the way for next-generation CAR-T products with improved profiles.

Source: https://www.intelmarketresearch.com/united-states-autologous-car-t-cell-therapy-process-

optimization-market-49786
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#22 Lonza Expands Collaboration with Major US
Biopharma, Secures Commercial Production for Two
Biologics Programs

Published July 01, 2026 Lonza Switzerland

| overview

Lonza has expanded its strategic collaboration with a leading US biopharmaceutical
company, securing commercial production for two biologics programs with options
for two more. This expansion reflects robust demand for Lonza's global biologics
outsourcing development and manufacturing solutions, including process
intensification and drug substance manufacturing. By offering multi-site
manufacturing, Lonza provides high flexibility and rapid scalability for a diversified

clinical and commercial portfolio, reinforcing its leadership in the CDMO sector.
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Key Findings

Lonza, a premier Contract Development and Manufacturing Organization (CDMO), has
significantly expanded its strategic collaboration with a major US biopharmaceutical
company, signing commercial production agreements for two new biologics programs.
This agreement also includes options for two additional programs to transition to
commercial manufacturing, signaling strong market confidence in Lonza's

comprehensive development and manufacturing services.

Technical / Clinical Details

The expanded partnership highlights the high demand for Lonza's key solutions:

¢ Process Intensification: Lonza implements advanced process intensification
technologies to boost bioreactor productivity. This enables higher product output
from a smaller operational footprint, leading to reduced manufacturing costs and
increased efficiency. Examples include high cell density cultures and continuous

manufacturing techniques.

¢ Drug Substance Manufacturing: The capability to manufacture active
pharmaceutical ingredients (APIs) for biologics at commercial scale is vital for the
stable supply of approved medicines. Lonza provides state-of-the-art manufacturing

facilities and expertise to handle diverse modalities.

e Multi-Site Manufacturing Offering: With a globally distributed network of
manufacturing sites, Lonza offers clients geographical risk diversification and flexible
global supply strategies. This multi-site approach ensures high flexibility and rapid
scalability across a diversified clinical and commercial portfolio, critical for navigating

complex global supply chains.

¢ End-to-End Services: Lonza provides 'end-to-end' services covering all stages of the
biologics lifecycle—from research and development to clinical trials, commercial
production, and ultimately drug product filling. This comprehensive offering simplifies

process management for clients and accelerates time-to-market.



Background & Context

The biopharmaceutical market is experiencing rapid growth, with increasing demand for
complex modalities such as monoclonal antibodies, cell and gene therapies, and nucleic
acid-based drugs. Manufacturing these advanced therapeutics requires profound
expertise, substantial investment, and strict regulatory compliance. Consequently, many
pharmaceutical companies are adopting a strategy of outsourcing manufacturing to
specialized CDMOs like Lonza, enabling them to focus internal resources on core R&D

activities.

Strategic Significance & Outlook

This expanded collaboration solidifies Lonza's position as a leader in the
biopharmaceutical manufacturing outsourcing market. The increase in commercial
production programs not only strengthens Lonza's revenue base but also contributes to
faster and more stable delivery of innovative medicines to patients. Moving forward,
Lonza is expected to continue driving growth in the biopharmaceutical industry through
sustained investment in technological innovation and expansion of its global network,

catering to the evolving demands of advanced therapeutics.

Source: https://www.lonza.com/news/2026-07-01-07-00
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#23 MaxCyte & VectorBuilder Partner on Virus-Free
Gene Delivery Platform for Ex Vivo Cell Therapies,
Boosting CAR T-Cell Manufacturability

Published June 29, 2026  BioProcess International USA
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| overview

CDMO VectorBuilder and MaxCyte have partnered to develop a virus-free gene
delivery platform for ex vivo cell therapies, including CAR T cells. This collaboration
integrates VectorBuilder's 'MiniVec' plasmid platform with MaxCyte's electroporation
technologies, aiming to improve delivery performance and manufacturability.
Preliminary data shows increased cell viability and gene expression for CAR T cells,
potentially leading to lower costs and improved product quality by simplifying GMP

production, thereby addressing a critical bottleneck in viral vector manufacturing.
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Key Findings

CDMO VectorBuilder and cell engineering technology leader MaxCyte have announced a
strategic partnership to co-develop a groundbreaking virus-free gene delivery platform
for ex vivo cell therapies, including crucial CAR T cell applications. This collaboration aims
to enhance gene delivery performance and manufacturability while reducing costs and
improving product quality through simplified GMP production, addressing a significant

bottleneck in current viral vector-dependent manufacturing.

Technical / Clinical Details

The new platform is built upon the integration of two key proprietary technologies:

e VectorBuilder's '‘MiniVec' Plasmid Platform: This platform provides compact, highly
efficient plasmid DNA vectors. MiniVec plasmids are designed to optimize both gene
transfer efficiency and safety profiles compared to conventional plasmids, offering a
potential pathway to bypass the complexities, costs, and regulatory challenges

associated with viral vector manufacturing.

¢ MaxCyte's Electroporation Technologies: MaxCyte provides advanced flow
electroporation systems that utilize electrical pulses to create transient pores in cell
membranes, enabling the efficient and uniform entry of exogenous DNA or RNA into
cells. This technology is renowned for maintaining high cell viability while achieving

robust gene expression.
The synergy between these two technologies is expected to yield several benefits:

¢ Improved Gene Delivery Performance: Preliminary data indicates an increase in
CAR T cell viability and CAR gene expression when '‘MiniVec' plasmids are delivered

via MaxCyte's electroporation. This is vital for producing highly effective cell products.

e Simplified Manufacturability and GMP Production: A virus-free system
circumvents the intricate processes, high costs, and stringent regulatory requirements
associated with viral vector manufacturing. This simplification streamlines GMP (Good
Manufacturing Practice) compliant production, contributing to overall cost reduction

and faster time-to-market.



¢ Enhanced Safety Profile: The absence of viral components eliminates concerns
related to potential immunogenicity or insertional mutagenesis, which can be

associated with integrating viral vectors.

Background & Context

While CAR T cell therapies have revolutionized the treatment of hematological
malignancies, their widespread adoption is challenged by high costs, complex logistics,
and bottlenecks in viral vector manufacturing. Viral vector production is expensive, labor-
intensive, time-consuming, and subject to rigorous quality control. Virus-free gene
delivery approaches have therefore garnered significant industry attention as a

promising solution to these challenges.

Strategic Significance & Outlook

The partnership between MaxCyte and VectorBuilder holds the potential to revolutionize
the manufacturing landscape for ex vivo cell therapies. If this platform achieves
commercial success, it could significantly expand access to advanced cellular therapies
like CART cells. The combined benefits of reduced costs, improved quality, and
simplified manufacturing represent a crucial step towards enhancing the accessibility and
affordability of cell therapies, fundamentally shaping the future of cancer

immunotherapy.

Source: https://www.bioprocessintl.com/deal-making/maxcyte-and-vectorbuilder-partner-to-build-

platform-for-ex-vivo-cell-therapies
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#24 Cell Therapy's High Cost Rooted in Culture Flask

Cytokine Strategy, Driving Shift to Quality over
Quantity

Published June 29, 2026  Cell & Gene Therapy Review  Global

| overview

A significant portion of cell therapy's cost problem originates in the culture flask,
emphasizing the profound impact of cytokine strategy on cell quality and
manufacturing economics. The focus is shifting from optimizing for cell volume to
prioritizing smaller numbers of higher-quality, durable cells that can persist in the
body. Adoption of closed-system manufacturing, including closed bioreactors and
weldable tubing, is crucial for reducing contamination risk and enabling operations in

lower-classification cleanroom environments, thereby cutting costs.
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Key Findings

The fundamental cost challenge in cell therapy manufacturing is largely attributed to the
cytokine strategy employed within the culture flask, which directly impacts cell quality
and overall manufacturing economics. The industry is undergoing a critical shift from
merely expanding cell volume to prioritizing the production of fewer, but higher-quality

and more durable cells capable of prolonged persistence in the body.

Technical / Clinical Details

The 'real cost problem' of cell therapy is intricately linked to the cell's cultivation
environment, specifically the cytokine cocktail and its management. Here's a detailed

breakdown:

¢ Criticality of Cytokine Strategy: Cytokines are signaling molecules that govern cell
proliferation, differentiation, activation, and survival. An suboptimal selection or
concentration of cytokines can lead to cellular dysfunction, premature exhaustion, or
a low-quality final product. An optimized cytokine strategy is paramount for

maximizing therapeutic efficacy and ensuring product quality and safety.

¢ Shift from 'Quantity’ to '‘Quality’: Previously, the emphasis was on producing the
largest possible number of cells. Now, the focus is on generating 'high-quality,
durable’ cells that can function longer in vivo and exert sustained therapeutic effects.
This paradigm shift is driven by the potential to achieve equivalent or superior
therapeutic outcomes with fewer cells, which can significantly reduce manufacturing

costs and patient dosage requirements.

¢ Role of Closed-System Manufacturing:

o Reduced Contamination Risk: Closed systems, encompassing closed bioreactors
and weldable tubing, dramatically reduce the risk of microbial contamination from
the external environment. This allows operations to transition from expensive and
complex ISO Class 7 or higher cleanroom environments (e.g., ISO Class 5 or B/C) to
lower-classification cleanrooms (e.g., ISO Class 8 or D), leading to substantial

savings in facility construction and operational costs.



o Process Consistency: Automated closed systems minimize human intervention,
thereby enhancing process reproducibility. This reduction in batch-to-batch

variability directly translates to improved product quality consistency.

Background & Context

Cell therapies, exemplified by CAR-T cells, offer groundbreaking therapeutic benefits but
have been hindered by manufacturing complexity, high costs, and logistical challenges,
impeding their broader adoption. These issues are particularly acute for autologous
therapies, which necessitate individualized handling for each patient. The industry is
actively pursuing streamlining, automation, and cost-effective technological

advancements to address these bottlenecks.

Strategic Significance & Outlook

Optimizing the culture environment, particularly the cytokine strategy, and widespread
adoption of closed-system manufacturing technologies will be pivotal in determining the
commercial viability of cell therapies. These advancements promise to reduce
manufacturing costs and enhance product quality and safety, making these innovative
therapies more accessible to a wider patient population. Future integration with Al and
Process Analytical Technology (PAT) is expected to enable even more sophisticated
process control and optimization, paving the way for cell therapies to become a more

common therapeutic option.

Source: https://www.cellgenetherapyreview.com/3975-Featured-Articles/626450-Cell-therapy-s-real-cost-

problem-starts-in-the-culture-flask/
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#25 NTHRYS Unveils Al Bioreactor Metabolic Model
Digital Twin for Process Forecasting & Optimization

Published Date unknown NTHRYS India
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| overview

NTHRYS offers Al-driven digital twin solutions for bioreactor processes, enabling real-
time prediction of cell growth and optimization of batch parameters. Their SaaS
platform leverages Al metabolic models, while a predictive maintenance digital twin
monitors equipment health. Furthermore, a multi-strain metabolic modeling
optimization engine assists rapid strain selection. These tools aim to reduce cycle
time, increase product yield, de-risk scale-up campaigns, and accelerate regulatory

approval, revolutionizing bioprocess manufacturing efficiency and quality.
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Key Findings

NTHRYS has introduced a suite of Al-driven digital twin solutions for bioreactor
processes, capable of providing real-time state monitoring, predictive cell growth
analysis, and optimal batch parameter adjustments. These innovations, built around Al
metabolic models within a SaaS platform, promise to revolutionize bioprocess
manufacturing by reducing cycle times, increasing product yields, de-risking scale-up

campaigns, and accelerating regulatory approvals.
Technical / Clinical Details
NTHRYS's Al-driven digital twin solutions consist of several key components:

e Al Bioreactor Metabolic Models: These Al models learn the complex metabolic

pathways during cell culture processes, providing real-time predictions for key

parameters such as cell growth, metabolite consumption, and product formation. This

empowers operators with accurate insights into current process status and future

trends, enabling proactive interventions.

¢ Real-Time State Monitoring SaaS Platform: This platform integrates sensor data
(e.g., pH, dissolved oxygen, temperature, OD) collected from bioreactors. It interfaces
with the Al models to detect process anomalies and alert operators, allowing for

interventions before problems escalate and minimizing the risk of batch failure.

¢ Predictive Maintenance Digital Twin: Continuously monitoring the health of
manufacturing equipment, this twin predicts potential failures in advance. This
prevents unplanned downtime and optimizes maintenance schedules, which is crucial

for maximizing manufacturing line uptime and ensuring supply chain stability.

e Multi-Strain Metabolic Modeling Optimization Engine: This engine rapidly models
the metabolic characteristics of multiple microbial or cell strains, assisting in the
selection of the optimal strain for specific product manufacturing. This accelerates the

strain selection process during early development, reducing R&D costs and time.



Background & Context

Efficient and reproducible control of complex cell culture processes has always been a
challenge in biopharmaceutical manufacturing. Traditional process monitoring relies on
offline analysis, making real-time dynamic adjustments difficult. Digital twin technology,
especially when integrated with Al, simulates physical processes in a virtual space,
enabling predictive analysis and optimization. This represents a next-generation solution
for overcoming these challenges, bringing the concept of ‘'Industry 4.0' smart factories to

bioprocessing.

Strategic Significance & Outlook

NTHRYS's Al-driven digital twin solutions have the potential to address major
bottlenecks in bioprocess manufacturing, shortening product development cycles and
accelerating time-to-market. Higher yields, product consistency, and cost-efficiency are
critical for the commercialization of new biopharmaceuticals and cell/gene therapies. In
the future, these digital twins are expected to be integrated into the entire process
ecosystem, contributing to the realization of fully autonomous biomanufacturing and

significantly enhancing the accessibility of biopharmaceuticals.

Source: https://nthrys.com/home/pdfs/projects/ai-metabolic-modeling--ai-bioreactor-metabolic-model-

digital-twin-development.pdf
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#26 MDPI Paper: Digital Twin with loT Sensors &

Markov Chains Optimizes Ayran Fermentation Real-
Time

Published July 03, 2026  MDPI  Switzerland
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| overview

A paper published in MDPI introduces a digital twin framework utilizing loT sensor
data and a Markov chain-based metric, "Reliability Reserve," for real-time operator
decision support in Ayran fermentation. The system integrates a physical bioreactor
with a virtual model, employing pH and temperature sensor data along with machine
learning components for predictive analysis and optimization. This approach aims to
enhance process monitoring, optimize operations, and support timely decision-

making in bioprocess engineering, improving consistency and efficiency.
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Key Findings

A recent paper published in MDPI introduces a novel digital twin framework that
leverages loT sensor data and a Markov chain-based metric, termed 'Reliability Reserve,'
to provide real-time operator decision support in Ayran fermentation. This innovative
system integrates a physical bioreactor with a sophisticated virtual model, utilizing pH
and temperature sensor data alongside machine learning components for predictive

analysis and optimization, significantly enhancing process control and efficiency.

Technical / Clinical Details

This digital twin framework is composed of the following key elements:

¢ loT Sensor Data Acquisition: Internet of Things (IoT) sensors are deployed to collect
real-time data on critical process parameters, such as pH and temperature, from the
Ayran fermentation process. These sensors provide continuous, high-frequency data,

capturing subtle changes in the process dynamics.

¢ Digital Twin Construction: A digital twin is built to accurately replicate the behavior
of the physical Ayran fermentation bioreactor in a virtual environment. This virtual
model is dynamically updated based on the acquired real-time data, allowing for

simulations of the process's current state and future behavior.

e Markov Chain-Based 'Reliability Reserve’ Metric: Markov chains are applied to
probabilistically model the state transitions of the fermentation process. This allows
for the derivation of a new metric, 'Reliability Reserve," which quantitatively assesses
whether the process is progressing stably within acceptable limits or if there is a risk
of deviation. A low Reliability Reserve indicates a higher probability of process
instability.

¢ Machine Learning and Predictive Analytics: Machine learning components learn
from historical and real-time data to predict future process states and quality

parameters. This capability enables operators to identify potential issues proactively

and implement optimal corrective actions, improving process outcomes.



¢ Real-Time Decision Support: The digital twin, in conjunction with the Reliability
Reserve metric and predictive analytics, provides actionable information to operators.
This supports timely and data-driven decisions regarding process adjustments (e.g.,
temperature modifications, mixing speed, extension of fermentation time), optimizing

the overall bioprocess.

Background & Context

In the food and beverage industry, particularly in fermentation processes, ensuring
consistent product quality and efficient production has been a persistent challenge.
Traditional quality control often relies on offline analysis at the end or intermediate
stages of a batch, making real-time process optimization difficult. The integration of
digital twin and Al/ML technologies is gaining attention as a significant advancement to
overcome these challenges, enhancing process transparency and building more flexible

and responsive manufacturing systems.

Strategic Significance & Outlook

This digital twin framework holds immense potential for application not only in Ayran
fermentation but also across other fermentation and broader bioprocess industries,
promising significant transformation. Enhanced real-time monitoring and predictive
analytics are expected to optimize processes, reduce energy consumption, minimize
waste, and improve product quality consistency. Consequently, bioprocess engineering is
set to evolve towards smarter and more sustainable manufacturing, contributing to

strengthened industrial competitiveness.

Source: https://www.mdpi.com/2227-9709/13/7/105
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#27 GEA Invests €4M in German Biotech Pilot Centre to

Accelerate Precision Fermentation & Cell Cultivation
Scale-Up

Published July 03, 2026  FoodBev.com Germany

| overview

GEA has invested €4 million in a new Application and Technology Center (ATC) in
Sarstedt, Germany, to accelerate the scale-up of precision fermentation and cell
cultivation processes. The center provides pilot facilities, including bioreactors ranging
from 50 to 500 liters, integrated with media preparation and automation systems. It
aims to help food and biotechnology companies validate production processes from
lab to commercial scale, addressing challenges in financing, regulatory approvals, and

production costs, thereby fostering sustainable food production.
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Key Findings

GEA has committed €4 million to establish a new Application and Technology Center
(ATC) in Sarstedt, Germany, explicitly designed to accelerate the scale-up of precision
fermentation and cell cultivation processes. This investment targets the critical 'valley of
death' for food and biotechnology startups, aiming to bridge the gap between lab-scale

innovation and commercial production.

Technical / Clinical Details

The new GEA ATC is equipped with state-of-the-art pilot facilities:

o Diverse Bioreactor Capacities: The center features bioreactors ranging from 50 to
500 liters, accommodating various stages of process development and production
requirements. This flexibility allows clients to test processes from small-scale

prototypes to medium-scale pilot runs.

¢ Integrated Systems: The bioreactors are fully integrated with advanced systems for
media preparation, feeding, and downstream processing (e.g., centrifugation,
filtration, purification), along with sophisticated automation. This integration

enhances overall process efficiency and minimizes human error.

¢ Process Validation and Optimization: The center provides expert knowledge and
support for validating and optimizing production processes for new food ingredients
and bioproducts. This helps clients overcome technical challenges associated with

scale-up and facilitates a smoother transition to commercial manufacturing.

e Contribution to Sustainable Food Production: Precision fermentation and cell
cultivation are key to developing sustainable protein sources, offering alternatives to
conventional animal agriculture. The center will accelerate the development of

cultivated meat, dairy alternatives, and other bio-based food products.



Background & Context

Growing global food demand and heightened awareness of sustainability issues have
spurred significant interest in novel food production technologies like precision
fermentation and cell cultivation. However, despite their promise at lab scale, translating
these technologies to commercial production requires substantial investment and
complex engineering expertise, posing a major barrier for many startups and SMEs.
Investments from leading process technology companies like GEA are crucial for de-

risking and enabling this transition.

Strategic Significance & Outlook

The inauguration of GEA's Sarstedt ATC is a significant milestone that will accelerate the
growth of the precision fermentation and cell cultivation industries as a whole. Through
this center, more companies will be able to bring their innovative food and bioproducts
to market, ultimately contributing to the realization of sustainable food systems. As
processes become standardized and optimized, this initiative will pave the way for cost-
effective, large-scale production of these new technologies, having a profound impact

on global food security and environmental goals.

Source: https://www.foodbev.com/news/gea-invests-4m-in-german-biotech-pilot-centre-to-accelerate-

food-production-scale-up
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#28 GEA Expands Biotech Scale-Up with New $4.7M

Sarstedt Technology Center for Precision Fermentation
& Cell Cultivation

Published July 02, 2026  PPTI News Germany

| overview

GEA has opened a new US$4.7 million biotech Application and Technology Center in
Sarstedt, Germany, dedicated to expanding capabilities in precision fermentation, cell
cultivation, and industrial process scale-up. The center offers pilot infrastructure with
bioreactors ranging from 50 to 500 liters, fully integrated with media preparation and
automation systems. This initiative supports Germany's industrial biotechnology
strategy and aims to translate research into commercially viable manufacturing,

addressing critical challenges in new food technologies.
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Key Findings

GEA has inaugurated a new US$4.7 million biotech Application and Technology Center in
Sarstedt, Germany, significantly expanding its capabilities in precision fermentation, cell
cultivation, and industrial process scale-up. This cutting-edge facility is designed to
bridge the crucial gap between research and commercially viable manufacturing, serving

as a key driver for Germany's industrial biotechnology strategy.

Technical / Clinical Details

The new Sarstedt technology center offers innovative functionalities:

e Comprehensive Pilot Infrastructure: The center features a range of bioreactors with
capacities from 50 to 500 liters, accommodating diverse scale-up needs. This enables
clients to develop and optimize processes from laboratory-scale proof-of-concept to

mid-scale pilot production, and onward towards commercial manufacturing.

¢ Integrated Systems: The bioreactors are fully integrated with systems for media
preparation, feeding, harvesting, and advanced automation. This integrated approach
enhances process efficiency, reproducibility, and control, contributing to reduced

manufacturing costs and consistent product quality.

¢ Specialization in Precision Fermentation and Cell Cultivation: The center
specializes in precision fermentation (production of proteins and ingredients by
microorganisms) and cell cultivation (production of cultivated meat and cell-based
products). It addresses technical challenges in these emerging fields, such as
optimizing microbial strains, reducing media costs, and streamlining downstream

processing.

e Addressing Challenges in New Food Technologies: The center provides expertise
and resources to tackle the technical, economic, and regulatory hurdles that new food
technologies, such as alternative proteins and bio-based foods, encounter at the

commercialization stage.



Background & Context

Industrial biotechnology is a key enabling technology driving innovation across various
sectors, including sustainable food production, pharmaceuticals, and biofuels. Germany
has a long history in R&D in this field, and its government strongly supports the strategic
advancement of industrial biotechnology. Large-scale investments by global companies
like GEA are essential to strengthen this ecosystem and break down scale-up barriers

faced by research institutions and startups.

Strategic Significance & Outlook

The opening of the GEA Sarstedt technology center is a vital step in accelerating the
commercialization of precision fermentation and cell cultivation technologies, supporting
the transition to a sustainable bioeconomy. This center is expected to strengthen
collaboration between industry and academia, facilitate the market entry of new bio-
based products, and contribute to global food security and environmental goals. In the
future, as more companies leverage this facility to scale innovative biosolutions to large-

scale production, overall industry growth is anticipated to accelerate.

Source: https://www.proteinproductiontechnology.com/post/gea-expands-biotech-scale-up-capabilities-

with-new-sarstedt-technology-center
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#29 Porton Advanced Fortifies End-to-End ATMP
CDMO Services with Over 250 Global Clients

Published June 26, 2026  Porton Advanced China

Porton Advanced

Enhaning end-ento-end =

CDMO Services for ATMP ﬂfa
with over 250 global customers

June 26, 2026

| overview

Porton Advanced is strengthening its end-to-end CDMO solutions for Advanced
Therapy Medicinal Products (ATMPs), serving over 250 global customers. The
company offers cell engineering CMC services for autologous and allogeneic cells,
alongside plasmid, lentivirus, mRNA and LNP, and bacterial vector services.
Highlighting over 24 IND clearances and 400+ GMP batches, Porton Advanced
demonstrates integrated CRO and CDMO capabilities from discovery to
commercialization, establishing itself as a reliable partner in complex ATMP

manufacturing.
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Key Findings

Porton Advanced is significantly bolstering its end-to-end Contract Development and
Manufacturing Organization (CDMO) solutions for Advanced Therapy Medicinal Products
(ATMPs), catering to a robust client base of over 250 global customers. The company
offers a comprehensive suite of services encompassing cell engineering CMC (Chemistry,
Manufacturing, and Controls) for both autologous and allogeneic cells, as well as
production of plasmids, lentiviruses, mRNA and Lipid Nanoparticles (LNPs), and bacterial

vectors.

Technical / Clinical Details

Porton Advanced's strengthened ATMP CDMO services are characterized by the

following extensive capabilities:

¢ Cell Engineering CMC Services: Provides full CMC support for both autologous cell
therapies (modifying a patient's own cells) and the more scalable allogeneic cell
therapies (using universal donor cells). This ensures quality and efficacy of cell therapy

products and facilitates regulatory approval processes.

¢ Diverse Gene Delivery Vector Offerings: The company supports a wide array of
gene delivery technologies, including plasmid DNA, viral vectors such as lentiviruses
and adeno-associated viruses (AAVs), as well as mRNA encapsulated in LNPs, and
bacterial vectors. This flexibility allows clients to choose the optimal vector system

tailored to their specific therapeutic goals and safety requirements.

e Extensive Track Record and Experience: With a record of assisting over 24
Investigational New Drug (IND) clearances and manufacturing more than 400 GMP
(Good Manufacturing Practice) compliant batches, Porton Advanced demonstrates
deep technical expertise and strong regulatory acumen, offering reliable partnerships

to clients.

¢ Integrated CRO/CDMO Capabilities: By providing seamless support from the
research stage (CRO) through development and manufacturing (CDMO), the company
mitigates technology transfer risks, accelerates development timelines, and promotes

efficient commercialization.



Background & Context

The ATMP sector, driven by innovative approaches in gene therapy, cell therapy, and
tissue engineering, is rapidly expanding, offering new treatment options for intractable
diseases. However, manufacturing these therapies is exceptionally complex, requiring
specialized expertise, stringent quality control, and substantial capital investment in
facilities. Consequently, many pharmaceutical and biotechnology companies opt to
outsource their manufacturing processes to specialized CDMOs. Companies like Porton
Advanced are critical in meeting this rising demand and accelerating the market entry of
ATMPs.

Strategic Significance & Outlook

The enhancement of Porton Advanced's end-to-end CDMO solutions is expected to
further accelerate the development and commercialization of ATMPs. With capabilities
across diverse modalities and a solid track record, the company is solidifying its position
as a key global partner in the cell and gene therapy space. This will lead to more
groundbreaking therapies being delivered to patients rapidly and efficiently, making an
indispensable contribution to addressing global healthcare needs and shaping the future

of disease treatment.

Source: https://www.portonadvanced.com/
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#30 Lonza's OptiALTO™ Platform Achieves High Cell

Density Culture, Significantly Reducing Biologics
Manufacturing Costs

Published June 29, 2026 Lonza Switzerland

| overview

Lonza's OptiALTO™ platform enhances biologics manufacturing by enabling higher
cell densities, which significantly reduces cost of goods by increasing productivity and
efficient asset utilization. The platform supports Process Analytical Technology (PAT),
such as Raman spectroscopy, for real-time monitoring of nutrients and metabolic
activity. This allows dynamic adjustment of feeding strategies, leading to more stable
process transfers, reduced variability, and maximized productivity gains during scale-
up, marking a breakthrough in biopharmaceutical manufacturing efficiency and

economics.
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Key Findings

Lonza has unveiled its OptiALTO™ platform, a significant advancement in biologics
manufacturing that enables higher cell densities during cultivation. This innovative
approach is designed to dramatically reduce the cost of goods by simultaneously
boosting productivity and optimizing asset utilization. Crucially, the platform leverages
Process Analytical Technology (PAT) and real-time monitoring to enhance process
stability and reproducibility, thereby maximizing productivity gains during crucial scale-

up phases.

Technical / Clinical Details

Lonza's OptiALTO™ platform contributes to biopharmaceutical manufacturing through

the following technical features:

e Achieving High Cell Density Culture: OptiALTO™ allows for significantly higher cell
densities in bioreactors compared to conventional cultivation methods. This increase
in volumetric productivity means more product can be generated per unit volume,
reducing the number of bioreactor trains required and consequently lowering capital

expenditure and operational costs.

¢ Integration of Process Analytical Technology (PAT): PAT tools, such as Raman
spectroscopy, are integrated directly into the culture process, enabling real-time, non-
invasive monitoring of key parameters including nutrient consumption, metabolite
production, and cellular physiological activity. This continuous data acquisition is

essential for deep process understanding and rapid troubleshooting.

e Dynamic Optimization of Feeding Strategies: By utilizing real-time PAT data,
nutrient feeding into the culture can be dynamically adjusted to meet the exact
metabolic needs of the cells. This prevents nutrient imbalances, avoids cellular stress,
and optimizes metabolic pathways, ultimately enhancing cell growth and product

formation.

o Stable Process Transfer and Reduced Variability: Real-time monitoring and control
of process parameters lead to more stable technology transfers from development
scale to commercial scale. This reduces batch-to-batch variability, improving the

consistency of product quality and minimizing manufacturing risks.



Background & Context

The biopharmaceutical industry constantly faces the challenge of ensuring a stable
supply of high-quality products while simultaneously reducing manufacturing costs. As
the market entry of large molecule biologics, such as antibody drugs, accelerates,
enhancing production efficiency has become critical for establishing a competitive
advantage. Process intensification technologies are recognized as a key means to
optimize the utilization of existing manufacturing infrastructure and maximize

investments in new technologies.

Strategic Significance & Outlook

The widespread adoption of process intensification platforms like OptiALTO™ has the
potential to fundamentally transform the economics and sustainability of
biopharmaceutical manufacturing. Reduced manufacturing costs will improve drug
accessibility for patients and contribute to overall healthcare cost containment. In the
future, further integration with Al and machine learning is expected to enable even more
autonomous and optimized 'smart' biomanufacturing. This will be a significant step in
accelerating the development and commercialization of next-generation

biopharmaceuticals.

Source: https://www.lonza.com/integrated-biologics/manufacturing/optialto-intensified-fed-batch-

platform
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#31 Academic Point-of-Care Manufacturing Offers
Cost-Effective CAR-T Access in Low- and Middle-
Income Countries

Published June 29, 2026 PubMed Global

CAR-T cell therapy in low and middle
contries: Improving and access
through academic institution-led
point-of-care (PoC) manufacturing

| overview

CAR-T cell therapy implementation in Low- and Middle-Income Countries (LMICs)
faces significant hurdles due to insufficient infrastructure, complex regulations, and
high costs. However, this review suggests that advances in point-of-care (PoC)
manufacturing within academic settings, particularly utilizing closed, semi-automated
systems, can substantially reduce costs and simplify procedures. These approaches
offer a viable alternative to commercial products, potentially increasing accessibility
and lowering the economic burden of CAR-T cell therapy in resource-constrained

settings.



| N DEPTH

Key Findings

The implementation of CAR-T cell therapy in Low- and Middle-Income Countries (LMICs)
continues to face substantial challenges due to inadequate infrastructure, complex
regulatory frameworks, and prohibitive costs. Nevertheless, a recent review highlights
that advances in academic point-of-care (PoC) manufacturing, particularly through the
adoption of closed, semi-automated systems, offer a promising solution to drastically
reduce costs and simplify procedures, thereby enhancing accessibility in resource-

constrained settings.

Technical / Clinical Details

CAR-T cell therapy, while transformative for certain hematological malignancies, is
hampered by its complex manufacturing process. Key strategies to enable its widespread

adoption in LMICs include:

¢ Point-of-Care (PoC) Manufacturing Model: PoC manufacturing involves producing
CAR-T cells close to the patient, typically within a hospital or academic institution.
This model significantly reduces cell transportation time and costs, mitigating

logistical challenges inherent in centralized manufacturing.

¢ Closed, Semi-Automated Systems:

o Reduced Contamination Risk: Closed systems minimize exposure to external
environments, thereby significantly reducing the risk of microbial contamination.
This lessens the reliance on expensive and complex high-grade cleanroom
facilities, allowing manufacturing to occur in lower-classification cleanroom

environments.

o Simplified Procedures and Standardization: Semi-automated systems reduce
manual intervention, standardize manufacturing procedures, and lower the risk of
human error. This is particularly crucial for LMICs with limited specialized

personnel and resources.



e Cost Reduction and Improved Accessibility: These PoC manufacturing approaches
bypass the need for expensive external commercial manufacturing facilities and
streamline the entire production process, holding the potential to substantially
reduce treatment costs. This makes CAR-T cell therapy more affordable and

accessible to a larger patient population in LMICs.

Background & Context

While CAR-T cell therapy has achieved high success rates in high-income countries, its
price, often reaching millions of dollars, coupled with the sophisticated infrastructure and
stringent regulatory requirements, makes its introduction in LMICs exceptionally difficult.
Ensuring equitable access to cell and gene therapies globally has become a critical
challenge, leading to exploration of low-cost manufacturing models spearheaded by

academic institutions and non-profit organizations.

Strategic Significance & Outlook

The success of academic-led PoC manufacturing models in LMICs would mark a crucial
milestone in reducing global health disparities and expanding access to life-saving
therapies. Closed, semi-automated systems could be adapted for manufacturing other
advanced cell and gene therapies in the future, forming a foundation for medical
innovation in resource-limited environments. This paves the way for CAR-T cell therapy
to become a truly global treatment, unconstrained by geographical or economic

limitations.

Source: https://pubmed.ncbi.nim.nih.gov/42388725/?
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#32 Automation & Al Scale Organoid Workflows to
Accelerate Drug Discovery, Improving 3D Model
Reproducibility

Published June 29, 2026 News-Medical.net UK

| overview

Automation, Al, and advanced organoid technologies are transforming early drug
discovery by improving the scalability, reproducibility, and quality control of 3D cell
models. Automated workflows and Al-driven analysis, such as the CellXpress.ai
Automated Cell Culture System, help generate more reliable data and accelerate
therapeutic development. High-throughput screening using these biologically
relevant systems enables earlier identification of efficacy and toxicity issues,

streamlining the drug discovery process.
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Key Findings

The convergence of automation, artificial intelligence (Al), and advanced organoid
technologies is fundamentally transforming early drug discovery by dramatically
enhancing the scalability, reproducibility, and quality control of 3D cell models. This
integrated approach promises to accelerate therapeutic development and enable more

reliable data generation for the selection of drug candidates.

Technical / Clinical Details

This innovative approach is characterized by the following key elements:

e Automated Organoid Culture Workflows: Organoid culture, traditionally labor-
intensive, involves numerous manual steps such as media changes, passaging, and
quality control. Automated systems perform these tasks consistently, reducing human
error and significantly increasing throughput. This ensures a stable and scalable

supply of organoids necessary for large-scale drug screening.

¢ Al-Driven Analysis and Image Processing: Al-powered image processing and data
analysis are being deployed to evaluate organoid growth, morphology, function, and
drug responses. Platforms like the CellXpress.ai Automated Cell Culture System
automatically extract objective and quantitative parameters such as cell health,

proliferation, differentiation, and cell death from vast amounts of image data.

¢ Physiological Relevance of 3D Cell Models: Organoids, possessing 3D structures
that mimic the microenvironment, cellular composition, and functions of in vivo
tissues, offer superior predictability of drug responses compared to conventional 2D
cell cultures or even animal models. This reduces the need for animal testing and

enhances the accuracy of human efficacy and toxicity predictions.

¢ Enhanced High-Throughput Screening (HTS): The combination of automation and
Al enables high-throughput screening of drug candidates using large numbers of
organoid models. This allows for rapid identification of promising candidates and
early detection of potential toxicity or off-target effects in the early stages of

development, thereby avoiding the wastage of resources in later, high-failure stages.



Background & Context

The drug discovery process is notoriously long, expensive, and characterized by high
failure rates in clinical trials. A key contributing factor is the low predictability of
preclinical models. The advent of organoid technology has been hailed as a promising
solution to this challenge, with research institutions and pharmaceutical companies
actively adopting it. Automation and Al are now critical for elevating organoid research

from academic curiosity to an industrial-scale drug discovery tool.

Strategic Significance & Outlook

Automated and Al-integrated organoid workflows represent a crucial technological trend
shaping the future of drug discovery. This not only shortens drug development timelines
and reduces costs but also significantly increases the likelihood of delivering more
effective and safer drugs to patients. In the future, these technologies are expected to
accelerate the progress of personalized medicine, forming a foundation for selecting

therapeutic approaches based on patient-specific disease models.

Source: https://www.news-medical.net/news/20260629/Scaling-organoid-workflows-with-automation-

and-Al-for-drug-discovery.aspx
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#33 REPROCELL Enhances 3D Cell Culture Product
Portfolio with Alvetex® & EZSPHERE™ to Advance
Drug Discovery Translational Research

Published June 25, 2026 REPROCELL Japan

| overview

REPROCELL is fortifying its diverse 3D cell culture product lines, including Alvetex®
3D Cell Culture Systems and the Alvetex® Advanced Tissue Bioengineering System, to
provide biologically relevant, reproducible models for drug testing. The portfolio also
features AGC's EZSPHERE™ Multiwell Dishes and Plates, used for generating large
numbers of 3D spheroid cell aggregates. These platforms aim to create more accurate
engineered human tissue models for pharmaceutical, cosmetic, and chemical testing,

thereby advancing drug discovery translational research.
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Key Findings

REPROCELL is significantly strengthening its diverse portfolio of 3D cell culture products,
including the Alvetex® 3D Cell Culture Systems and the Alvetex® Advanced Tissue
Bioengineering System. This expansion aims to provide researchers and pharmaceutical
companies with biologically relevant and highly reproducible models for drug testing,
thereby more accurately mimicking the in vivo environment that has been difficult to
replicate with 2D cultures or animal models, and contributing to enhanced precision in

translational drug discovery research.

Technical / Clinical Details

REPROCELL's 3D cell culture product offerings are characterized by the following

technical features and benefits:

¢ Alvetex® 3D Cell Culture System:

o Features: Utilizes a proprietary polystyrene scaffold structure that enables cells to
grow and interact in three dimensions, similar to their natural environment in vivo.
This leads to more physiologically relevant cell morphology, function, and drug
responses.

o Benefits: Allows for excellent cell viability and long-term culture, providing stable

in vitro models suitable for a wide range of applications, including drug efficacy

and toxicity testing, disease modeling, and stem cell research.

e Alvetex® Advanced Tissue Bioengineering System:

o Features: An advanced application of Alvetex® technology, designed to recreate
more complex tissue structures and intricate cell-cell interactions. It is suitable for

constructing engineered tissues that mimic specific physiological functions.

o Benefits: Enhances predictability in drug screening and reduces reliance on animal
experimentation. Its accurate recapitulation of human disease models also

contributes to personalized medicine research.

e EZSPHERE™ Multiwell Dishes and Plates by AGC:



o Features: These plates feature a low-adhesion surface treatment that promotes
spontaneous aggregation of cells into uniformly sized 3D spheroids. This enables

high-throughput production of spheroids, suitable for large-scale drug screening.

o Benefits: The efficient generation of uniform and reproducible spheroids improves

data consistency in drug testing, providing more reliable results.

Background & Context

In the drug discovery process, the low predictability of drug evaluation at the preclinical
stage has been a persistent challenge. 2D cell culture models fail to adequately represent
in vivo complexity, while animal models face species-specific differences and ethical
constraints. 3D cell culture technology is emerging as a promising solution to overcome
these limitations, creating new paradigms in drug screening, toxicity testing, and disease
mechanism research by offering in vitro models that more faithfully mimic the in vivo

environment.

Strategic Significance & Outlook

The enhancement of REPROCELL's 3D cell culture product portfolio will significantly
improve the efficiency and accuracy of drug discovery research. The availability of
superior human tissue models will lead to reduced development timelines and costs for
new drugs, ultimately resulting in safer and more effective treatments for patients. In the
future, these systems are expected to be further integrated with automation, Al, and
organoid technologies, forming a robust foundation for the realization of personalized
medicine. This marks a critical step in accelerating the replacement of animal testing in

pharmaceutical, cosmetic, and chemical evaluations.

Source: https://www.reprocell.com/product-catalog/3d-cell-culture
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#34 Market Report: Global Single-Use Bioreactor

Market to Surge, Thermo Fisher and AGC Biologics
Expand Capacity

Published July 03, 2026  GlobeNewswire Global

| overview

This article summarizes the market research report "Global Single-use Bioreactors
Market Forecast to Surge from USD 3.61 Billion in 2025 to USD 15.11 Billion by 2034."
The global single-use bioreactors market is projected for significant growth, driven by
increasing demand for biopharmaceuticals, cost efficiency, and technological
advancements, expected to reach USD 15.11 billion by 2034. Thermo Fisher's 5 L
DynaDrive system enhances accessibility for small-scale bioprocessing, while AGC
Biologics has expanded its Japanese facility with 5,000 L Thermo Scientific DynaDrive
reactors for large-scale production. WuXi Biologics also demonstrates cost-efficient
production with single-use systems, indicating a definitive shift towards flexible

manufacturing solutions.
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Key Findings

This article provides an overview of the market research report titled "Global Single-use
Bioreactors Market Forecast to Surge from USD 3.61 Billion in 2025 to USD 15.11 Billion
by 2034." The global single-use bioreactors market is experiencing robust growth, with
projections indicating a substantial increase to USD 15.11 billion by 2034. This surge is
primarily driven by the escalating demand for biopharmaceuticals, enhanced cost

efficiency, and continuous technological advancements within the sector.

Technical / Clinical Details

The report identifies several key factors propelling the growth of the global single-use

bioreactors market:

¢ Increasing Demand for Biopharmaceuticals: The accelerating development and
approval of biopharmaceuticals, including monoclonal antibodies, vaccines, and cell
& gene therapies, are driving a higher demand for single-use bioreactors, which are

integral to their manufacturing.

e Cost Efficiency and Operational Advantages: Single-use systems eliminate the
need for costly and time-consuming cleaning-in-place (CIP) and sterilization-in-place
(SIP) processes, significantly reducing operational costs, time, and consumption of
water and energy. They also mitigate the risk of cross-contamination and enable

rapid batch-to-batch turnover.

¢ Technological Advancements and Improved Scalability: Manufacturers are

continuously enhancing the capacity and performance of single-use bioreactors.

o Thermo Fisher Scientific: Their 5L DynaDrive system improves accessibility to
single-use technology for a broader range of users, from small-scale research to

process development, enabling rapid prototyping and optimization in early stages.

o AGC Biologics: Has expanded its Japanese facility with 5,000 L Thermo Scientific
DynaDrive reactors, demonstrating the capability of single-use technology for

large-scale biopharmaceutical production.

e WuXi Biologics' Proven Track Record: The company has effectively demonstrated
cost-efficient production using single-use systems, further encouraging the industry-

wide transition towards flexible manufacturing solutions.



These developments collectively underscore the market's strong commitment to
improving flexibility, efficiency, and cost-competitiveness in biopharmaceutical

manufacturing.

Background & Context

The biopharmaceutical industry has been undergoing rapid expansion, leading to
increased pressure to produce complex biologics efficiently and cost-effectively.
Traditional stainless-steel facilities require immense capital investment and long setup
times, making them less agile for diverse and rapidly evolving pipelines. Single-use
bioreactors offer a compelling alternative, providing flexibility and speed that are crucial

for accelerating drug development and commercialization.

Strategic Significance & Outlook

The forecasted growth of the single-use bioreactor market highlights its strategic
importance in shaping the future of biopharmaceutical manufacturing. Continued
innovation in design, materials, and integration with advanced automation will further
solidify their role. This shift towards more flexible and efficient production will not only
meet the increasing global demand for biologics but also support the development of
novel therapies, ultimately improving patient access worldwide. The market is expected
to see further consolidation and strategic partnerships as companies leverage these

technologies to gain competitive advantages.

Source: https://www.globenewswire.com/news-release/2026/07/03/3321741/0/en/Global-Single-use-
Bioreactors-Market-Forecast-to-Surge-from-USD-3-61-Billion-in-2025-to-USD-15-11-Billion-by-
2034.html
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#35 KELI Therapeutics Launches Integrated GMP
Manufacturing Platform for Orthopedics, Nephrology,
and Immunology, Cutting Development Costs and
Accelerating Approvals

Published Date unknown  KELI Therapeutics Europe

| overview

KELI Therapeutics has successfully deployed a unified GMP manufacturing platform
supporting five active cell therapy programs across orthopedics, nephrology, and
immunology. This strategic consolidation has reduced program-specific development
costs and expedited regulatory submissions. Operating within an EU-licensed GMP
facility, the company employs closed-system 3D suspension cultures with automated
feeding, monitoring, and harvesting processes, showcasing a cost-effective

development model for multi-pipeline cell therapy companies.
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Key Findings

KELI Therapeutics is operating five active cell therapy programs in orthopedics,
nephrology, and immunology through a single, unified Good Manufacturing Practice
(GMP) manufacturing platform. This integrated strategy has successfully reduced
development costs for individual programs and accelerated the regulatory submission
process. Within its EU-licensed GMP facility, KELI Therapeutics leverages closed-system
3D suspension culture and advanced automation to achieve high-quality and efficient

production of cell therapy products.

Technical / Clinical Details

KELI Therapeutics' manufacturing platform adopts a unique model where all programs
share a common GMP facility, quality system, and regulatory infrastructure. This ensures
consistent manufacturing from early-stage pipeline development through clinical trials
and ultimately to commercialization. A particularly critical component is the company's
implementation of a closed-system 3D suspension culture, which optimizes cell viability

and proliferation while minimizing contamination risks.

Automation is integrated throughout the entire cell culture process, enabling automated
media feeding, monitoring of culture conditions, and cell harvesting once specific
densities are reached. This automation eliminates human error, enhances batch-to-batch
consistency, and contributes to reduced manufacturing costs. The ability to efficiently
produce cell therapy products for diverse therapeutic areas—such as cartilage
regeneration in orthopedics, renal function improvement in nephrology, and
inflammation suppression in immunology—all on the same platform, represents a strong

competitive advantage for the company.



Background & Context

Developing cell therapy products is generally high-cost and time-consuming, with
substantial investment required, particularly for building and maintaining GMP
manufacturing facilities. For companies with multiple therapeutic programs, establishing
independent manufacturing infrastructure for each pipeline is often inefficient and can
become a development bottleneck. KELI Therapeutics' integrated manufacturing
platform offers an innovative solution to these industry challenges, optimizing resource

allocation and enabling faster delivery of new cell therapies to patients.

Strategic Significance & Outlook

KELI Therapeutics' integrated GMP manufacturing platform holds the potential to
become a new paradigm for cell therapy product development and manufacturing.
Through this approach, the company is expected to efficiently advance its pipeline across
multiple disease areas and bring diverse innovative therapies to market in the future. The
progress in closed-system and automated technologies will further drive down cell
therapy manufacturing costs and accelerate its widespread adoption. Other cell therapy
companies may emulate KELI Therapeutics' success, leading to a broader adoption of
similar integrated manufacturing strategies. This could enhance overall productivity and

efficiency in the cell therapy industry, benefiting a greater number of patients.

Source: https://keli.eu/platform
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#36 ProBio's AAV Manufacturing Excellence Accelerates
UC Irvine and GlyTR Therapeutics' Pan-Cancer CAR-T
Program, Achieving 80% CAR Gene Insertion Efficiency

Published July 02, 2026  University of California, Irvine  USA

| overview

ProBio's advanced AAV manufacturing technology is critically powering pre-IND
research for the first-in-class pan-cancer CAR-T program developed by UC Irvine and
GlyTR Therapeutics. ProBio's GMP AAV6 product achieved a high CAR gene insertion
efficiency of approximately 80% and demonstrated potent tumor elimination efficacy
in mouse models. This collaboration, leveraging integrated CDMO capabilities and
scalable CMC expertise, contributes to the rapid clinical translation of innovative CAR-

T therapies.
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Key Findings

ProBio's exceptional AAV (adeno-associated virus) manufacturing technology is robustly
supporting pre-Investigational New Drug (IND) research for the first-in-class pan-cancer
CAR-T program developed collaboratively by the University of California, Irvine (UC
Irvine) and GlyTR Therapeutics. The GMP-compliant AAV6 product provided by ProBio
achieved a high CAR gene insertion efficiency of approximately 80% and demonstrated
potent efficacy in efficiently eliminating tumors in mouse models. This achievement
marks a significant step towards the development and rapid clinical translation of next-

generation CAR-T cell therapies.

Technical / Clinical Details

UC Irvine and GlyTR Therapeutics are developing a novel CAR-T cell therapy targeting
solid tumors, utilizing ProBio's AAV manufacturing technology for gene delivery. ProBio
offers integrated CDMO (Contract Development and Manufacturing Organization)
capabilities, spanning from plasmid DNA development to GMP (Good Manufacturing
Practice) manufacturing and scalable Chemistry, Manufacturing, and Controls (CMC)
expertise. Specifically, ProBio supplied the AAV scale-up materials necessary for IND

application, supporting the evaluation of safety and efficacy during preclinical stages.

The provided AAV6 viral vector boasts high titer and purity, enabling efficient delivery of
the CAR gene into target cells. The approximately 80% CAR gene insertion efficiency
means that a large proportion of cells express the therapeutic CAR, which is crucial for
maximizing treatment success. The high tumor elimination efficacy in animal models
suggests that this CAR-T cell therapy candidate possesses potent anti-tumor activity,

providing strong justification for its transition to human clinical trials.



Background & Context

While CAR-T cell therapies have achieved groundbreaking success in hematological
cancers, their efficacy against solid tumors remains a challenge. Therefore, developing
‘pan-cancer CAR-T' therapies effective against solid tumors is one of the most critical
priorities in the oncology field. AAV vectors are gaining attention as a safe and versatile
tool for gene delivery into various cell types, making them an attractive non-viral or
hybrid gene delivery approach for CAR-T cell manufacturing. Partnerships with
experienced CDMOs like ProBio are essential for overcoming manufacturing bottlenecks
and accelerating innovation in the complex development of cell and gene therapy

products.

Strategic Significance & Outlook

The pan-cancer CAR-T program by UC Irvine and GlyTR Therapeutics, bolstered by
ProBio's AAV manufacturing technology, is poised to open new possibilities for solid
tumor treatment. Success in IND application and subsequent favorable clinical trial
results are highly anticipated. This collaboration serves as an excellent example of how
CDMOs, by providing advanced manufacturing capabilities and expertise, enable
academic institutions and emerging biotechnology companies to rapidly develop and
deliver innovative cell and gene therapies to patients. ProBio is expected to further
enhance the scalability and efficiency of its AAV manufacturing, supporting an increasing

number of advanced cell and gene therapy pipelines in the future.

Source: https://medschool.uci.edu/news/probios-aav-manufacturing-excellence-powers-uc-irvine-and-

glytr-therapeutics-first-class-pan
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#37 Closed-System Semi-Automated Manufacturing
Key to Expanding CAR-T Access in Low- and Middle-
Income Countries by Reducing Cost and Complexity

Published June 29, 2026 PubMed International

| overview

CAR-T cell therapy adoption in low- and middle-income countries (LMICs) has been
severely constrained by high costs, insufficient infrastructure, and complex regulatory
demands. However, the advent of closed-system semi-automated manufacturing
holds the potential to overcome these barriers, significantly improving CAR-T
accessibility. This system reduces manufacturing costs and simplifies procedures,
making CAR-T deployment feasible in LMICs and marking a crucial step toward

narrowing global healthcare disparities.
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Key Findings

The implementation of CAR-T cell therapy in low- and middle-income countries (LMICs)
has been severely limited by inadequate infrastructure, complex regulatory requirements,
and prohibitive costs. However, advancements in academic point-of-care manufacturing,
specifically the introduction of closed-system semi-automated platforms, show
significant promise in overcoming these barriers and substantially improving CAR-T
accessibility. This technology reduces manufacturing costs and simplifies procedures,

making CAR-T therapy deployment a realistic prospect in LMICs.

Technical / Clinical Details

CAR-T cell therapy manufacturing is a complex process demanding advanced cleanroom
facilities, specialized technicians, and stringent quality control. In LMICs, the scarcity of
these resources has made the adoption of commercial CAR-T products challenging.
Closed-system semi-automated manufacturing addresses this by relaxing cleanroom
requirements and reducing reliance on highly specialized personnel. For instance,
specific bioreactor and cell processing platforms automate cell isolation, gene
transduction, expansion, and final product harvesting through integrated protocols,

dramatically lowering contamination risks compared to open systems.

The adoption of these systems significantly reduces manufacturing costs compared to
traditional manual processes or fully automated commercial facilities. Being semi-
automated, they allow for lower initial investment while maintaining quality and
consistency. Furthermore, enabling point-of-care manufacturing within local healthcare
institutions alleviates supply chain complexities and shortens turnaround times for
delivering therapy to patients. This expands access to cutting-edge treatments for LMIC

patients who previously could not afford expensive commercial products.



Background & Context

While CAR-T cell therapy has demonstrated revolutionary therapeutic effects in specific
hematological malignancies, its global dissemination is hampered by geographical and
economic disparities. Although several CAR-T products are already approved in high-
income countries, the majority of patients in LMICs still lack access. This situation poses a
significant problem from an ethical and equity standpoint in healthcare. The
development and implementation of closed-system semi-automated manufacturing are
recognized as crucial strategic approaches to redress this global imbalance and extend

the benefits of cell therapy to more people.

Strategic Significance & Outlook

The proliferation of closed-system semi-automated manufacturing holds the potential to
fundamentally transform the landscape of CAR-T cell therapy in LMICs. Further
refinement and standardization of this technology are expected, leading to its adoption
in more healthcare institutions across LMICs. International cooperation and funding will
be essential to ensure the scalability and sustainability of these systems. Furthermore,
regulatory bodies can further accelerate the adoption of this innovative approach by
establishing simplified approval pathways tailored to the unique circumstances of LMICs.

This will enable CAR-T therapy to evolve into a truly global treatment option.

Source: https://pubmed.ncbi.nim.nih.gov/42388725/?
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#38 CAR-T's Geography Problem: Manufacturing
Bottlenecks Limit Access, Advances in Closed Systems
and Bioprocessing are Key

Published June 26, 2026  pharmaphorum UK

| overview

CAR-T cell therapy's geographical accessibility is heavily dependent on its
manufacturing process, with production costs, turnaround times, and available
facilities directly impacting patient access. A critical bottleneck hindering
development is the limited supply of lentiviral vectors. Advances in closed-system
technology and bioprocessing are highlighted as crucial for improving
manufacturability and geographical reach, essential for delivering CAR-T therapies to

a broader patient population.
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Key Findings

The accessibility of CAR-T cell therapies is profoundly influenced by their manufacturing
process, with production efficiency, costs, turnaround times, and the geographic
distribution of eligible treatment facilities directly determining patient access. A
significant bottleneck stalling development is the supply of lentiviral vectors, a critical
component for gene modification. Advances in closed-system technologies and
bioprocessing are identified as key enablers for improving manufacturability and

geographical access.

Technical / Clinical Details

CAR-T cell therapy involves a complex process of harvesting a patient's T cells,
genetically modifying and expanding them ex vivo, and then re-infusing them back into
the patient. This manufacturing process demands sophisticated cleanroom
environments, skilled technicians, and rigorous quality control. A prominent bottleneck is
the production and supply of lentiviral vectors used for genetic modification. Vector
manufacturing is highly specialized, time-consuming, costly, and its capacity directly

limits CAR-T product output.

To address this, closed-system manufacturing technologies are gaining traction. Closed
systems allow for the automation and standardization of manufacturing processes while
minimizing the risk of external contamination. This alleviates stringent cleanroom
requirements, enabling more facilities to perform CAR-T therapy. Furthermore,
advancements in bioprocessing, such as optimized cell culture, high-efficiency gene
transduction systems, and inline monitoring capabilities, contribute to improved

manufacturing efficiency, consistency, and reduced turnaround times.



Background & Context

While CAR-T cell therapy has shown remarkable efficacy in certain hematological
cancers, with several products already approved, its high cost and complex
manufacturing and logistical processes remain significant barriers for many patients
globally. Particularly in remote areas or regions with limited CAR-T treatment centers,
access to therapy is challenging. This 'geography problem' is recognized as a critical
issue that must be resolved for cell therapy to become a truly transformative treatment.

The industry is focusing on developing cost-effective, scalable manufacturing solutions.

Strategic Significance & Outlook

Further advancements in closed-system technology and bioprocessing are expected to
dramatically transform the CAR-T therapy manufacturing landscape and substantially
enhance its geographical accessibility. In the future, as more simplified and automated
manufacturing platforms become widespread, CAR-T treatment may be deliverable in
local hospitals, potentially reducing turnaround times from weeks to days. Non-viral
gene delivery technologies and the development of iPSC-derived allogeneic CAR-T cells
are also anticipated to play crucial roles in alleviating vector supply bottlenecks and
reducing manufacturing costs. These developments will make CAR-T therapy a more

feasible and accessible treatment option for a greater number of patients.

Source: https://pharmaphorum.com/oncology/car-t-has-geography-problem
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#39 NTHRYS Achieves 40% Cost Reduction in Dual
Antigen CAR-T Manufacturing, Offers Off-the-Shelf NK
Cell Expansion Services

Published Date unknown NTHRYS International

| overview

NTHRYS has successfully reduced manufacturing costs for dual antigen CAR-T cell
scale-up by 40% while accelerating time-to-clinic. Furthermore, the company now
offers clinical-grade NK cell expansion and cryopreservation services, enabling the
supply of off-the-shelf cell products. These breakthroughs significantly enhance the
accessibility and economic viability of cellular immunotherapy for hematological

malignancies, expanding treatment opportunities for more patients.
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Key Findings

NTHRYS has reported two significant achievements in the field of immunotherapy for
hematological malignancies. First, the company reduced manufacturing costs for dual
antigen CAR-T cell scale-up by 40% compared to conventional methods, simultaneously
shortening the time to clinical introduction. Second, NTHRYS now provides clinical-grade
NK (Natural Killer) cell expansion and cryopreservation service solutions, enabling the
supply of off-the-shelf cell products. These technological innovations dramatically

improve the accessibility and economic viability of cellular immunotherapies.

Technical / Clinical Details

Dual antigen CAR-T cell therapy is a next-generation cell therapy expected to enhance
therapeutic efficacy and prevent immune evasion by cancer cells, addressing antigen
diversity—a limitation of single-antigen CAR-T cell therapies. NTHRYS's developed
manufacturing scale-up technology successfully reduced manufacturing costs by 40% by
optimizing process efficiency and cutting raw material and labor expenses. This efficiency
gain is attributed to multiple factors, including automation in a GMP (Good
Manufacturing Practice) environment, optimization of media and cytokines, and the

adoption of closed systems.

Furthermore, NTHRYS offers services for large-scale culture and long-term preservation
of high-quality NK cells suitable for clinical use. This is supported by optimal culture
conditions utilizing cytokines like IL-15 and robust cryopreservation protocols. Unlike
autologous CAR-T cell therapies, which require patient-specific cell collection and
manufacturing, off-the-shelf NK cell products can be manufactured in advance and
stockpiled. This provides the significant advantage of allowing patients to receive
treatment quickly when needed, reducing waiting times and enabling rapid response for

a greater number of patients.



Background & Context

While CAR-T cell therapies have shown remarkable success against hematological
malignancies, high costs and manufacturing complexity remain barriers to their
widespread adoption. Improved CAR-T cell therapies, such as dual antigen CAR-T, and
readily available off-the-shelf NK cell therapies are key approaches to overcome these
challenges and enhance treatment accessibility. NTHRYS's achievements are crucial for
accelerating the commercialization of these next-generation cell therapies and making
them available to a broader patient population. Specifically, cost reduction and
establishment of supply systems are indispensable for the expansion of the cell therapy

market.

Strategic Significance & Outlook

NTHRYS's cost reduction in dual antigen CAR-T manufacturing and the provision of off-
the-shelf NK cell expansion services are poised to significantly accelerate the clinical
application of immunotherapy for hematological malignancies. It is expected that cell
therapy products utilizing these technologies will establish efficacy and safety in clinical
trials and gain regulatory approval, allowing more patients to access innovative
treatments. NTHRYS aims to continue innovating in cell therapy manufacturing
processes, delivering high-quality, cost-effective cell therapy products to patients

worldwide, further driving the paradigm shift in cancer treatment.

Source: https://nthrys.com/home/pdfs/projects/immunology--immunotherapy-for-hematological-

malignancies.pdf
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#40 PAK BioSolutions' GMP Purification System

Supports First-in-Human Trial Filing, Achieves 4x Faster
Production Than Existing Facilities

Published July 01, 2026  FirstWord Pharma International

| overview

A major biopharmaceutical company has filed its first-in-human (FIH) trial, supported
by PAK BioSolutions' GMP purification system. This PAK system utilizes a continuous
manufacturing approach, capable of achieving production rates four times faster or
yields four times higher than existing facilities. This marks a critical milestone
demonstrating the PAK system's readiness for GMP clinical manufacturing, potentially
significantly contributing to the rapid development and market launch of next-

generation biopharmaceuticals.
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Key Findings

A leading biopharmaceutical company has successfully filed its first-in-human (FIH)
clinical trial, powered by PAK BioSolutions' innovative GMP (Good Manufacturing
Practice) purification system. This PAK system employs a continuous manufacturing
approach, demonstrating extraordinary production capabilities. It has been shown to
achieve production speeds four times faster or output volumes four times higher than
conventional manufacturing facilities. This filing represents a crucial step, indicating that
the PAK system meets stringent GMP clinical manufacturing requirements and is

prepared for practical application.

Technical / Clinical Details

PAK BioSolutions' purification system specializes in downstream processing for
biopharmaceutical manufacturing, particularly the purification of therapeutic molecules
such as proteins and viral vectors. Continuous manufacturing, compared to batch
processing, is a state-of-the-art approach that significantly enhances process efficiency,
yield, and flexibility. In this system, raw materials are continuously fed, and purified
products are continuously collected, eliminating downtime between stages and

maximizing equipment utilization.

The performance of four times faster production or four times higher yield directly
translates to reduced manufacturing costs and accelerated market supply, especially for
high-demand, costly biopharmaceuticals like cell and gene therapy products and
monoclonal antibodies. The system is designed to comply with GMP requirements,
ensuring traceability, quality control, and data integrity. This enables the efficient and
rapid supply of high-quality investigational drugs for clinical trials, promoting earlier

patient access to innovative therapies.



Background & Context

In the biopharmaceutical industry, optimizing manufacturing processes and reducing
costs are urgent priorities to meet the increasing demand for therapeutics and the
complexity of molecular structures. Continuous manufacturing technology is gaining
attention as a next-generation paradigm replacing traditional batch manufacturing, with
regulatory bodies like the FDA actively encouraging its adoption. The success of PAK
BioSolutions' system represents a significant technological innovation in this field,
potentially prompting other biopharmaceutical companies to transition to continuous
manufacturing. This is critical for enhancing overall industry productivity and

strengthening supply chain robustness.

Strategic Significance & Outlook

The success of PAK BioSolutions' GMP purification system will be a critical milestone in
shaping the future of biopharmaceutical manufacturing. Moving forward, this system is
expected to be applied to a wider range of biopharmaceutical manufacturing processes
as it transitions from clinical trial stages to commercial production. The widespread
adoption of continuous manufacturing technology will further reduce manufacturing
costs and alleviate biopharmaceutical supply bottlenecks, helping to deliver treatments
to more patients. Furthermore, the emergence of next-generation continuous
manufacturing systems integrated with Al and machine learning will lead to further
process optimization and automation, establishing a more efficient and sustainable

biopharmaceutical ecosystem.

Source: https://firstwordpharma.com/story/7666472
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#41 FUJIFILM Biotechnologies Drives $7 Billion
Expansion in US and Europe, Quadrupling iPSC
Production Capacity and Automating with Al

Published June 26, 2026  Drug Discovery and Development USA
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| overview

FUJIFILM Biotechnologies is leading a $7 billion expansion across the US and Europe,
with FUJIFILM Cellular Dynamics opening a new iPSC manufacturing headquarters to
quadruple cell production capacity through a $200 million investment. This initiative
plans to leverage Al for automating technology transfer processes, aiming for
accelerated and more efficient production. This strategic move strengthens the supply
chain for iPSC-based cell therapies and research cells, significantly contributing to

advancements in cellular medicine.
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Key Findings

FUJIFILM Biotechnologies is pursuing an ambitious approximately $7 billion expansion
project across the United States and Europe, significantly bolstering its manufacturing
capabilities in the cell therapy sector. As part of this strategy, its sister company,
FUJIFILM Cellular Dynamics, has opened a new iPSC (induced pluripotent stem cell)
manufacturing headquarters in Madison, Wisconsin. This $200 million investment is set
to quadruple its cell production capacity. Furthermore, the company plans to utilize
Artificial Intelligence (Al) to automate its technology transfer processes, aiming for

accelerated and more efficient production.

Technical / Clinical Details

FUJIFILM Cellular Dynamics' new iPSC manufacturing headquarters is equipped with
state-of-the-art production technologies and facilities. iPSCs, with their ability to
differentiate into various cell types, play a crucial role in drug screening, disease
modeling research, and as raw materials for cell therapeutic drugs. By quadrupling its
production capacity, the company aims to meet the growing demand for iPSCs and

iPSC-derived cells, enabling large-scale supply of high-quality cell products.

The integration of Al is specifically focused on automating technology transfer processes.
Technology transfer is a complex and labor-intensive procedure, crucial for scaling
laboratory-scale processes to commercial manufacturing. Al dramatically streamlines this
process through data analysis, process optimization, and automated quality control. For
instance, Al can monitor and adjust culture parameters in real-time and predict quality
anomalies, thereby enhancing production consistency and reproducibility. This is

expected to shorten development timelines and reduce manufacturing costs.



Background & Context

The field of cellular medicine is experiencing rapid growth, with iPSCs expected to play a
central role in regenerative medicine, drug discovery, and cell therapy. However,
manufacturing iPSCs and their derivative cells requires high technical expertise and
extensive infrastructure. Significant investments by major corporations like FUJIFILM
Biotechnologies are crucial for alleviating supply capacity bottlenecks in this sector and
accelerating overall industry innovation. The combination of Al and automation
symbolizes the transition of biomanufacturing to 'Industry 4.0' and is an indispensable

component for the commercialization of next-generation cell therapy products.

Strategic Significance & Outlook

FUJIFILM Biotechnologies' strategic expansion and integration of Al technology will
significantly shape the future of iPSC-based cellular medicine. With enhanced production
capacity and increased automation, the company will be able to supply high-quality
iPSCs and iPSC-derived cells to researchers and pharmaceutical companies more rapidly
and at a lower cost. This is expected to accelerate the clinical development of cell
therapeutic drugs and shorten the time it takes for new treatments to reach patients.
FUJIFILM is anticipated to play a leading role in making Al and automation the standard

in biomanufacturing, driving the global dissemination of cell therapies.

Source: https://www.drugdiscoverytrends.com/fujifilm-biotechnologies-coo-maja-herold-pedersen-on-ai-

autonomy-and-the-path-from-quality-to-operations/
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#42 6th iPSC Drug Development Summit to Address
GMP Scale-Up Challenges, Focusing on Gene Editing
Safety and QC Frameworks

Published June 30, 2026  Biolnsights  International

6t iPSC Drug Development Summit

GMP scale-up Challenges
Focusing Gene Editing Safety
and QC E:amewarks

| overview

The 6th iPSC Drug Development Summit will primarily focus on challenges associated
with scaling iPSC platforms to GMP standards. Key discussions will cover
implementing GMP-compatible gene editing strategies and commercializing
immune-evasive iPSC-derived cell manufacturing. The summit will thoroughly explore
fit-for-purpose characterization in large-scale iPSC programs, establishing integrated
analytical and QC frameworks, and the impact of gene editing on safety, durability,

and regulatory confidence.
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Key Findings

The preview for the 6th iPSC (induced pluripotent stem cell) Drug Development Summit
announced that a central theme for discussion will be the diverse challenges associated
with scaling iPSC platforms to GMP (Good Manufacturing Practice) standards. Particular
emphasis will be placed on the practical implementation of GMP-compatible gene
editing strategies and the specific hurdles in commercializing immune-evasive iPSC-
derived cell therapies. This summit will serve as a crucial platform for knowledge sharing

to accelerate the clinical application and commercialization of iPSC technology.

Technical / Clinical Details

Key challenges to be discussed at the summit include establishing 'Fit-for-Purpose'
characterization for large-scale iPSC programs. This involves rigorous scientific
approaches to ensure that iPSCs and their differentiated progeny reliably possess the
necessary quality attributes for their intended therapeutic use. Another critical agenda
item is the construction of integrated analytical and Quality Control (QC) frameworks,
which are indispensable for consistent quality assurance throughout the manufacturing

process and for obtaining regulatory approval.

The summit will also delve deeply into the impact of gene editing on the safety,
durability of therapeutic effects, and regulatory confidence in iPSC-derived cells. Specific
concerns include the detection of off-target edits, assessment of cell tumorigenicity risk,
and ensuring stable expression of therapeutic genes. Immune-evasive iPSC-derived cells
are designed to reduce the risk of host rejection in allogeneic transplantation, requiring
precise editing of immunogenicity-related genes and the establishment of stable cell
lines that do not compromise therapeutic efficacy. Solving these technical challenges is

key to enabling broad clinical application of iPSC-derived cell therapies.



Background & Context

While iPSC technology holds revolutionary potential in regenerative medicine, cell
therapy, and drug discovery screening, numerous challenges still exist in translating
laboratory-level discoveries to clinical and commercial scales. The establishment of GMP-
compliant manufacturing processes, the safety evaluation of complex gene edits, and the
creation of quality control systems that meet regulatory expectations are common
concerns across the industry. Building on discussions from previous summits, this event
aims to share practical solutions and best practices for these challenges, maturing the

iPSC drug development ecosystem.

Strategic Significance & Outlook

The discussions at the 6th iPSC Drug Development Summit will significantly influence
future commercialization strategies for iPSC-derived cell therapies. Standardization of
GMP manufacturing processes, improved reliability of gene editing technologies, and the
establishment of robust QC frameworks will build the foundation for iPSC therapies to
become effective treatment options for a broader range of diseases. Insights and
collaborations gained through the summit are expected to strengthen engagement with
regulatory authorities and streamline approval processes. This anticipates a future where

innovative iPSC-derived therapies can be delivered to patients more rapidly and safely.

Source: https://www.insights.bio/cell-and-gene-therapy-insights/journal/article/3884/event-preview-of-

the-6th-ipsc-drug-development-summit
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#43 UniXell Biotechnology Secures FDA IND Clearance
for iPSC Parkinson's Therapy UX-DA003, Achieving
Dual Breakthrough in China and U.S.

Published June 30, 2026 Biolnformant China

| overview

UniXell Biotechnology has secured FDA IND clearance for UX-DA0O03, an iPSC-derived
Parkinson's disease therapy, marking a dual breakthrough in both China and the U.S.
UX-DAO0O03 is an allogeneic iPSC-derived midbrain dopaminergic progenitor cell
therapy, leveraging the company's proprietary SISBAR lineage tracing platform and
high-precision directed differentiation system. Characterized by scalable production,
low cost, and broad accessibility, this therapy offers new hope for Parkinson's disease

treatment.
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Key Findings

UniXell Biotechnology has obtained Investigational New Drug (IND) clearance from the
U.S. Food and Drug Administration (FDA) for its iPSC (induced pluripotent stem cell)-
derived Parkinson's disease therapy, 'UX-DA003."' This approval, following prior clearance
in China, signifies that the company has achieved a dual regulatory breakthrough in two
major markets: China and the United States. UX-DAQO3 is an allogeneic iPSC-derived
midbrain dopaminergic progenitor cell therapy, based on the company's proprietary
SISBAR lineage tracing platform and high-precision directed differentiation system,

characterized by scalability, low cost, and broad accessibility.

Technical / Clinical Details

UX-DAO0O03 is a cell replacement therapy aimed at compensating for the loss of
dopamine-producing neurons, a pathophysiological hallmark of Parkinson's disease. This
therapeutic candidate utilizes UniXell's unique SISBAR (Single-cell RNA sequencing-
based lineage tracing and fate mapping) platform and high-precision directed
differentiation system to efficiently and robustly differentiate iPSCs into midbrain
dopaminergic progenitor cells. This system ensures the consistent production of

functional and safe cell products.

As an ‘allogeneic’ therapy, it offers the significant advantage of allowing a single batch of
pre-manufactured and stored cell products to be administered to multiple patients,
rather than requiring patient-specific cells. This simplifies the manufacturing process,
reduces costs, and shortens the time to deliver treatment to patients. Scalable
production capacity ensures supply stability post-commercialization, while lower costs
reduce financial barriers to treatment, making this innovative therapy accessible to a
broader patient population. The IND clearance for UX-DAO0O3 signifies that preliminary
evidence of safety and efficacy for human administration has been recognized by the
FDA.



Background & Context

Parkinson's disease is a progressive neurodegenerative disorder affecting millions
worldwide, with current treatments largely limited to symptomatic management. Cell
replacement therapy is garnering attention as an innovative approach with the potential
to slow or even reverse disease progression by replacing lost neurons. Advancements in
iPSC technology have brought new hope to this field, with allogeneic iPSC-derived cell
therapies being particularly key to overcoming the challenges of personalized medicine
and delivering treatment to a large patient population. UniXell Biotechnology's dual IND
clearance underscores its technological leadership in this competitive field and

represents a significant step toward the global deployment of cell therapies.

Strategic Significance & Outlook

The FDA IND clearance for UX-DA0O3 is a groundbreaking milestone in the development
of iPSC-derived cell therapies for Parkinson's disease. Clinical trials will now proceed in
both the U.S. and China, meticulously evaluating its safety and efficacy. If successful, UX-
DAOQ03 has the potential to offer Parkinson's patients not just symptomatic improvement
but also a fundamental modification of disease progression. This achievement highlights
the immense potential of iPSC technology in treating neurodegenerative diseases and is
expected to catalyze the development of iPSC-derived cell therapies for other conditions.
UniXell is steadily paving the way to deliver this innovative therapy to patients

worldwide.

Source: https://bioinformant.com/unixell-biotechnology-secures-fda-ind-clearance/
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#44 Al and Machine Learning Revolutionize Biologics
Purification: Optimizing Monoclonal Antibody

Manufacturing with Predictive Resin Life and Enhanced
Yields

Published July 02, 2026  Separation Science UK

| overview

Artificial intelligence (Al) and machine learning (ML) are significantly optimizing
purification processes for biologics, contributing to cost reduction and yield
enhancement in monoclonal antibody (mAb) manufacturing. These technologies
enable predictive resin life, optimized loading conditions, and real-time Process
Analytical Technology (PAT)-enabled monitoring. The strategic integration of Al and
ML enhances the robustness and efficiency of purification, setting new standards for

biopharmaceutical development and manufacturing.
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Key Findings

The integration of Artificial Intelligence (Al) and Machine Learning (ML) into process
chromatography is fundamentally transforming the purification of biologics, particularly
monoclonal antibodies (mAbs). These advanced technologies are driving substantial cost
reductions and significant yield improvements by enabling more accurate prediction of
resin lifetimes, optimizing chromatography loading conditions, and facilitating real-time

monitoring through Process Analytical Technology (PAT).

Technical and Clinical Details

Al and ML algorithms analyze vast datasets from past purification runs to identify
patterns and predict the degradation of purification resins, thereby optimizing their
replacement schedules. This proactive approach prevents premature discarding of
expensive resins and minimizes costly downtime. Furthermore, these technologies can
analyze various loading parameters, such as flow rates, buffer compositions, and
temperatures, to recommend the most efficient conditions for target protein separation.
When integrated with PAT, Al/ML enables real-time monitoring of critical quality
attributes (CQAs), including target protein concentration and impurity levels, throughout
the chromatography process. This allows for immediate detection and automated
correction of process deviations, ensuring consistent product quality and safety.
Specifically, Al models can analyze chromatogram peak shapes to determine optimal
cut-points, maximizing product recovery while minimizing impurity co-elution, leading to

higher purity and yield.



Background and Industry Context

Biologics, especially mAbs, are indispensable therapeutics for conditions like cancer and
autoimmune diseases, but their high manufacturing costs and complexity remain
significant challenges. As purification typically accounts for a large portion of
manufacturing expenses, its optimization is a high priority. The application of Al and ML
brings data-driven optimization principles, previously refined in industries like
semiconductors and automotive, to biopharmaceutical manufacturing. This allows for
faster and more effective process improvements compared to traditional empirical
optimization methods. Regulatory bodies are increasingly recognizing the value of such
data-driven approaches in enhancing product quality and reducing risks, encouraging

Al/ML utilization within Quality by Design (QbD) frameworks.

Strategic Significance and Outlook

While still in its early stages, the potential of Al and ML in process chromatography is
immense. Future developments are expected to include more sophisticated applications
in complex multi-column systems and continuous chromatography processes. Moreover,
increased integration with other bioprocess steps, such as cell culture and filtration, will
contribute to the vision of fully automated ‘lights-out' manufacturing facilities with
comprehensive digital twins. This will likely lead to further reductions in
biopharmaceutical manufacturing costs, making innovative therapies more accessible to
a broader patient population. Addressing data security and model validation will remain
critical challenges, but this technology is poised to become an indispensable component

in shaping the future of biopharmaceutical production globally.

Source: https://www.sepscience.com/ai-and-machine-learning-in-process-chromatography-optimising-

purification-for-biologics-manufacturing-12567
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#45 Cell and Gene Therapy Manufacturing Advances:
Continuous Processing and Automated Bioreactors
Tackle Scalability and Cost Challenges

Published July 01, 2026  News-Medical.net UK

| overview

Cell and gene therapy (CGT) manufacturing faces significant challenges in scalability,
efficiency, and cost reduction, but new advancements in continuous processing and
closed, automated bioreactor technologies are overcoming these hurdles. Coupled
with the development of robust production cell lines, these strategies enhance
reproducibility in commercial CGT production and accelerate time-to-market. This
shift is crucial for broadening patient access and addressing the high cost structure of

advanced therapies.
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Key Findings

The manufacturing of cell and gene therapies (CGTs) is confronted by critical challenges
related to scalability, efficiency, and cost reduction for commercialization. However, the
adoption of continuous manufacturing processes and closed, automated bioreactor
technologies is emerging as an effective strategy to overcome these barriers. These
advanced approaches hold the potential to significantly improve the reproducibility of

CGT products and substantially reduce manufacturing costs.

Technical and Clinical Details

Continuous manufacturing systems offer enhanced productivity and flexibility compared
to traditional batch production. This enables the production of large quantities of
therapeutic cells or vectors within a smaller footprint, thereby reducing cleanroom
requirements and associated operational costs. Closed and automated bioreactor
technologies minimize manual intervention, decrease contamination risks, and ensure
product consistency. For example, there's a growing shift from conventional 2D culture
systems, such as multi-layer flasks, to 3D bioreactors compatible with perfusion culture.
These bioreactors are equipped with real-time monitoring and automated control
functionalities, allowing for precise management of culture conditions including cell
density, nutrients, metabolites, and gas exchange. Furthermore, the development of
stable production cell lines is essential for improving viral vector productivity and the

proliferative capacity of cell therapies, enhancing manufacturing robustness.

Background and Industry Context

CGTs offer groundbreaking therapeutic options for many previously untreatable diseases,
including cancers, genetic disorders, and autoimmune conditions. Yet, their
manufacturing processes are complex, particularly for individualized autologous cell
therapies, which incur high costs and logistical supply chain challenges. Regulatory
bodies like the FDA and EMA are increasingly demanding manufacturing efficiency and
standardization while ensuring product quality and safety. The current challenge lies in
scaling up from clinical trial stages to commercial production in a cost-effective and
efficient manner, without compromising quality. Continuous manufacturing and
automated closed systems are therefore strategic solutions poised to improve the

accessibility of CGT products in this context.



Strategic Significance and Outlook

The advancement of continuous manufacturing and automation technologies in CGT
production is expected to accelerate significantly in the coming years. In the future, these
technologies are anticipated to integrate with Al and digital twin concepts, leading to
fully autonomous and predictable manufacturing environments. This promises further
reductions in manufacturing costs, optimized supply chains, and ultimately, expanded
access to treatments for more patients. Distributed manufacturing models are also being
explored, allowing smaller, efficient production facilities to alleviate logistical
complexities and enhance the resilience of the global CGT supply network. This
technological evolution is an indispensable element for CGTs to become a central pillar

of modern medicine.

Source: https://www.news-medical.net/life-sciences/Cell-Gene-Therapy-Manufacturing-Closing-the-Scale-

Up-Gap.aspx
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#46 SNS Insider Analysis: Viral Vector Manufacturing
Market Surges as Leading CDMOs Expand Capacity

with Advanced AAV and Lentiviral Technologies

Published July 02, 2026  SNS Insider India

SNS INSIDER
ANALYZES

| overview

SNS Insider's market overview highlights that the increasing number of gene therapy
clinical trials and the reliance on CDMOs are driving growth in the viral vector
manufacturing market. Key CDMOs like Fujifilm Diosynth Biotechnologies and
Catalent are actively enhancing technological platforms for Adeno-Associated Virus
(AAV) and lentiviral vector production while expanding manufacturing capacities. This
addresses upstream bottlenecks crucial for commercializing gene therapies,

supporting sustained market expansion.
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Key Findings

According to SNS Insider's latest market overview, the global viral vector manufacturing
market is experiencing robust growth, primarily driven by the escalating number of gene
therapy clinical trials and the increasing utilization of Contract Development and
Manufacturing Organizations (CDMOs). Leading industry players such as Fujifilm
Diosynth Biotechnologies and Catalent are at the forefront, investing heavily in
technological improvements and significant capacity expansions for both Adeno-
Associated Virus (AAV) and lentiviral vector manufacturing platforms to meet the surging

market demand.

Technical and Clinical Details

Viral vectors, particularly AAV and lentiviral vectors, are indispensable tools in gene
therapy, serving as primary vehicles for delivering therapeutic genes into target cells.
Their quality and scalable manufacturing capabilities are pivotal for the success of clinical
trials and subsequent commercialization of both in vivo and ex vivo gene therapy
approaches. CDMOs provide critical GMP (Good Manufacturing Practice)-compliant
manufacturing facilities and expertise, supporting vector production from early research
and development stages through to commercial scale. Technological advancements
include the development of suspension culture systems that enable high-titer vector
production, and the integration of Process Analytical Technologies (PAT) for real-time
monitoring. These innovations lead to improved vector yield, purity, and safety, while
also contributing to reduced manufacturing costs. For example, AAV manufacturing has
seen progress in optimizing specific serotypes and high-density culture techniques using
baculovirus systems or HEK293 cells. For lentiviral vectors, the establishment of stable

producer cell lines and the adoption of safer self-inactivating (SIN) vectors are notable.



Background and Industry Context

The gene therapy field has made remarkable strides over the past few decades, with
several groundbreaking therapies gaining approval from regulatory bodies such as the
FDA and EMA. However, one of the primary bottlenecks hindering the commercialization
of these therapies has been the insufficient supply of high-quality viral vectors. Demand
for viral vectors has surged dramatically as the pipeline for gene therapies in rare
diseases and oncology continues to expand. For many early-stage biotechnology
companies, CDMOs represent crucial partners, offering access to necessary
manufacturing capacity and expertise without the prohibitive cost and burden of
building and maintaining in-house GMP facilities. The market is projected to continue its
growth trajectory, fueled by new gene therapy approvals and the expansion of

indications for existing products.

Strategic Significance and Outlook

The viral vector manufacturing market is poised for sustained growth in the coming
years. Major CDMOs are expected to further bolster their production capabilities and
service offerings through investments in novel manufacturing technologies, geographic
expansion, and strategic acquisitions. The application of Al and machine learning for
process optimization, alongside the adoption of efficiency-driving technologies like
continuous manufacturing, will be key to further alleviating vector manufacturing
bottlenecks and reducing costs. This trajectory aims to enable more gene therapies to
progress from clinical development to commercialization, making these innovative
treatments more accessible to patients worldwide. While advances in non-viral vector
technologies may also influence the market, viral vectors are anticipated to maintain

their central role as delivery systems for gene therapies in the foreseeable future.

Source: https://www.snsinsider.com/blogs/viral-vector-manufacturing-industry
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#47 Data Integrity Secured in Automated Bioprocesses:
Middleware Ensures FDA 21 CFR Part 11 Compliance
with Robust Audit Trails and Real-time Capture

Published June 26, 2026  Technology Networks  USA

| overview

Ensuring data integrity in automated bioprocesses is paramount, necessitating
compliance with regulatory frameworks like US 21 CFR Part 11 and ALCOA+
principles. Middleware solutions are crucial for preventing data transfer gaps between
instruments and quality systems, guaranteeing automated, timestamped data capture
and robust audit trails. This significantly enhances data reliability and regulatory
compliance in biopharmaceutical manufacturing, providing verifiable evidence of

product safety and efficacy.
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Key Findings

Ensuring data integrity is a critical aspect of regulatory compliance and product quality
assurance within automated bioprocess environments. This article highlights the
essential role of middleware in effectively preventing potential data transfer gaps
between instruments and quality systems, thereby guaranteeing automated,
timestamped data capture and robust audit trails. This adherence directly supports
compliance with stringent regulatory frameworks, including the U.S. FDA's 21 CFR Part 11
and the ALCOA+ principles.

Technical and Clinical Details

Data integrity is defined by the ALCOA principles (Attributable, Legible,
Contemporaneous, Original, Accurate), extended to ALCOA+ by adding Complete,
Consistent, Enduring, and Available. In automated bioprocesses, vast amounts of data
are generated from diverse instruments, such as bioreactors, chromatography systems,
and analytical devices. Middleware acts as a crucial bridge, integrating data from these
disparate systems and securely transferring it to a central data repository in a tamper-
proof manner. This eliminates the risks of human error and data manipulation associated
with manual data entry. Automated timestamping ensures that every data entry,
modification, or deletion is recorded with its date, time, and the identity of the
performer, providing a comprehensive audit trail. This maintains transparent and
traceable records of how data was generated, processed, and accessed, which is vital for

regulatory audits and quality control reviews.



Background and Industry Context

The biopharmaceutical manufacturing industry consistently faces stringent regulatory
requirements concerning product safety, quality, and efficacy. With the advent of
advanced therapies (ATMPs) like cell and gene therapy products, the complexity of
manufacturing processes has increased, making automation and digitalization
indispensable. However, as automation advances, maintaining data integrity across
interconnected systems becomes a new challenge. FDA 21 CFR Part 11 establishes
criteria for ensuring the trustworthiness, integrity, and reliability of electronic records and
electronic signatures, making its compliance mandatory for biopharmaceutical
manufacturers. Lapses in data integrity can lead to severe consequences, including
product recalls, market delays, and regulatory warning letters. Therefore, embedding
data integrity from the initial stages of system design is key to successful bioprocess

automation.

Strategic Significance and Outlook

The importance of middleware in securing data integrity will continue to grow,
particularly as Al and machine learning are increasingly integrated into bioprocess
optimization. The quality and trustworthiness of data fed into these algorithms directly
impact the accuracy of predictive models and the reliability of decision-making. In the
future, distributed ledger technologies, such as blockchain, may be integrated into data
integrity management to provide even stronger security and traceability. Furthermore,
the development of more standardized data interfaces and protocols will facilitate
seamless data exchange between heterogeneous systems, thereby reducing the burden
of data management. This will accelerate the digital transformation of biopharmaceutical
manufacturing, contributing to the faster and safer market introduction of therapeutic

drugs.

Source: https://www.technologynetworks.com/tn/articles/ensuring-data-integrity-in-automated-

bioprocesses-413855
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#48 Hyperspectral Enhances Bioprocess Visibility with
Real-time PAT: Raman Spectroscopy and Chemometrics
Enable Non-Invasive Mammalian Cell Culture
Monitoring

Published June 29, 2026  Hyperspectral (via analytica 2026 presentation) Unknown

| overview

Hyperspectral has introduced an innovative solution for real-time, non-invasive
monitoring of mammalian cell culture processes by combining Raman spectroscopy
with chemometrics and machine learning models. This end-to-end workflow
addresses bioprocess visibility gaps, enabling continuous monitoring of key process
parameters and quality attributes within a standardized digital lab environment. The
technology significantly boosts efficiency, reproducibility, and quality assurance in

biomanufacturing, accelerating advanced therapeutic development.
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Key Findings

Hyperspectral has unveiled an advanced Process Analytical Technology (PAT) solution
that enables real-time, non-invasive monitoring of mammalian cell culture processes by
integrating Raman spectroscopy with chemometrics and machine learning (ML) models.
This combined approach critically addresses significant visibility gaps in
biomanufacturing, allowing for continuous surveillance of key process parameters and
quality attributes, thereby substantially improving product consistency and process

robustness.

Technical and Clinical Details

The solution begins with real-time acquisition of molecular information from the culture
medium using a Raman spectrometer. Raman spectroscopy offers the advantage of
simultaneously and non-invasively measuring multiple bioprocess parameters, including
cell density, glucose, lactate, ammonium, and target protein concentrations. The
acquired spectral data is then analyzed by chemometric methods (e.g., PLS regression)
and machine learning models to extract meaningful process information from complex
spectral patterns. This allows for constant awareness of the culture process state without
relying on offline sampling or manual analysis. The end-to-end workflow encompasses
spectral data acquisition, model building and validation, and model deployment into a
digital lab environment. Integration with standardized digital lab environments ensures
data compatibility and reusability across different instruments and platforms, supporting

an efficient transition from bioprocess development to commercialization.



Background and Industry Context

Biopharmaceutical manufacturing, particularly mammalian cell culture, demands precise
process control to ensure product quality and yield. However, conventional monitoring
techniques often rely on time-consuming and labor-intensive offline analyses, making it
challenging to respond to real-time process changes. This increases the risk of
overlooking unforeseen variations or deviations during the process, potentially leading
to batch failures or quality issues. Process Analytical Technology (PAT) was advocated by
the FDA to address these challenges, aiming to incorporate product quality by design
(QbD) through real-time process understanding and control. The introduction of non-
invasive PAT tools like Raman spectroscopy enhances inline monitoring capabilities,

enabling more robust manufacturing processes.

Strategic Significance and Outlook

The real-time PAT solution, combining Raman spectroscopy with chemometrics and
machine learning, is poised to play a pivotal role in the future of biomanufacturing.
Future developments are expected to enhance the versatility and predictive power of
these models, allowing for high-accuracy, simultaneous monitoring of an even broader
range of process parameters. There is also potential for this technology to integrate with
other PAT tools and control systems, leading to fully automated, self-optimizing
bioprocesses. This will minimize human intervention while maximizing efficiency and
quality, thereby accelerating the entire biopharmaceutical development cycle and
reducing time-to-market. Especially in personalized medicine, such as cell and gene
therapy products, where rapid and consistent manufacturing is essential, the value of

real-time monitoring technology will become even more pronounced.

Source: #
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#49 Future of RNA Manufacturing: Al and Continuous
Processing to Boost IVT Efficiency, Reduce Production
Costs, and Facilitate Distributed Production

Published July 02, 2026  (Industry analysis/expert opinion) International

| overview

The future of RNA manufacturing is set to be optimized by integrating artificial
intelligence (Al) and machine learning with continuous processes across all stages,
from IVT efficiency to purification and formulation. These technological
advancements aim to reduce production costs, enable smaller manufacturing
facilities, and enhance the scalability of RNA therapeutics. This paradigm shift will be

key to accelerating the widespread adoption of RNA-based medicines.
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Key Findings

The future of RNA manufacturing anticipates a comprehensive optimization of the entire
supply chain, from improving in vitro transcription (IVT) efficiency to purification and
formulation, through the integration of artificial intelligence (Al) and machine learning
with continuous processes. The implementation of these advanced technologies aims for
dramatic reductions in production costs, the realization of smaller, more efficient
manufacturing facilities, and enhanced scalability of RNA therapeutics, thereby
significantly accelerating the commercialization and widespread adoption of RNA

medicines.

Technical and Clinical Details

RNA, particularly messenger RNA (mRNA), has seen its potential widely recognized as
vaccines and therapeutics. However, its manufacturing has been challenging due to
complexity, high costs, and time-consuming processes. Continuous manufacturing
processes, compared to batch processing, enable real-time process control and
optimization, improving product consistency and production efficiency. Al and machine
learning are utilized at each stage of continuous processes (e.g., enzyme reaction
optimization, chromatography purification, lipid nanoparticle (LNP) formulation) to learn
patterns from vast process data and predict/adjust optimal conditions. This allows for
maximizing IVT reaction yields and minimizing impurity generation. For example, Al can
detect subtle changes in process parameters that might affect RNA quality, stability, and
titer, and automatically initiate corrective actions. Combined with digital twin technology,
physical processes can be simulated in a virtual environment, allowing for iterative

optimization with reduced risk and efficient scale-up.



Background and Industry Context

The COVID-19 pandemic accelerated the development and production of mRNA
vaccines, raising global awareness of RNA technology's importance. However, in the
early stages of the pandemic, infrastructure and technology were insufficient to meet
rapid large-scale production. Demand for RNA therapeutics is expected to continue
increasing, with anticipated applications across a wide range of disease areas, including
cancer immunotherapy, genetic disorders, and infectious diseases. Existing
manufacturing processes suffer from high production costs for high-purity RNA, a major
factor limiting therapeutic accessibility. The integration of Al and continuous
manufacturing technologies is seen as a strategic solution to address this cost challenge

and enable global supply of RNA products.

Strategic Significance and Outlook

RNA manufacturing integrated with Al and continuous processes is poised to be
transformative for the future biopharmaceutical industry. The expectation is for fully
autonomous manufacturing systems, leading to 'lights-out’ manufacturing facilities with
minimal human intervention. This will further improve the quality, safety, and consistency
of RNA products, while reducing manufacturing costs. The realization of decentralized
manufacturing models is also anticipated, where smaller production facilities deployed
globally will enable a more resilient supply chain, capable of rapid response in
emergencies like pandemics. These advancements will make RNA therapeutics more
affordable and accessible to a broader patient population, holding the potential to

significantly change the future of medicine.
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#50 Securecell Unveils APIES Multi-Attribute Analysis
Platform for Biopharmaceuticals: Real-time Monitoring
of Protein Concentration, Aggregation, and Stability

Published June 30, 2026  Securecell  Switzerland
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| overview

Securecell has launched APIES, a multi-attribute analysis platform providing
comprehensive insights into biopharmaceutical samples. APIES leverages absorbance,
intrinsic fluorescence, and scattering to enable real-time or near real-time monitoring
of protein concentration, aggregation, stability, and kinetics. This significantly
supports Process Analytical Technology (PAT) and Quality by Design (QbD) strategies
in bioprocess development, drastically improving product quality and process

efficiency.
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Key Findings

Securecell has introduced APIES, an innovative multi-attribute analysis platform that
enables comprehensive characterization of biopharmaceutical samples. By utilizing three
physical measurements—absorbance, intrinsic fluorescence, and scattering—this
platform facilitates real-time or near real-time monitoring of multiple critical quality
attributes (CQAs), including protein concentration, aggregation state, stability, and
reaction kinetics. The adoption of APIES profoundly supports Process Analytical
Technology (PAT) and Quality by Design (QbD) strategies in bioprocess development,

dramatically enhancing product development efficiency and reliability.

Technical and Clinical Details

The APIES platform integrates multiple physico-optical methods into a single, cohesive
system, allowing for a multifaceted evaluation of the complex characteristics of
biopharmaceuticals. Absorbance is used to quantify the concentration of molecules like
proteins and nucleic acids. Intrinsic fluorescence (e.g., autofluorescence from tryptophan
residues) provides information about protein conformational changes and stability,
capable of detecting denaturation due to thermal or chemical stress. Scattering (e.g.,
Rayleigh scattering, Mie scattering) is particularly effective for assessing protein
aggregation and particle size distribution, enabling early detection of sub-micron to
micron-sized aggregate formation. These measurements can be performed inline or at-
line without sample pretreatment, allowing for rapid feedback loops to identify and
correct process deviations in real-time. APIES is compatible with samples at various
stages, including solutions sampled directly from bioreactors, purification intermediates,
and final products. This ensures consistent quality monitoring throughout development

and manufacturing, making it easier to maintain desired quality profiles.



Background and Industry Context

Biopharmaceutical development and manufacturing are highly complex and costly
processes, demanding stringent quality control to ensure product safety and efficacy.
Traditional quality control methods have relied on manual, offline analyses, which are
time-consuming and labor-intensive, making real-time process control difficult. This
limits opportunities for early detection and correction of process changes. Regulatory
bodies like the FDA and EMA encourage the adoption of Quality by Design (QbD),
meaning that product quality is built into the manufacturing process. PAT is a crucial
component of QbD, providing tools to understand and control processes in real-time. A
multi-attribute analysis platform like APIES offers essential technological infrastructure
for effectively implementing PAT strategies, thereby reducing risks and improving

efficiency in biopharmaceutical development.

Strategic Significance and Outlook

The advent of multi-attribute analysis platforms like APIES holds the potential to
significantly transform the future of biopharmaceutical development. Future
advancements are expected to extend the analytical capabilities of the platform to
monitor an even broader range of CQAs in real-time. Integration with Al and machine
learning will enhance the ability to extract insights from complex multivariate data,
leading to predictive process control and self-optimizing bioprocesses. This will shorten
development cycles and accelerate time-to-market. Furthermore, seamless integration
into continuous manufacturing processes will enable end-to-end quality control, which is
expected to further reduce biopharmaceutical manufacturing costs and improve
therapeutic accessibility. APIES will establish new standards in biopharmaceutical quality

and efficiency, serving as a critical tool for driving industry innovation.

Source: https://www.securecell.ch/insights/apies-biopharmaceutical-analysis-alan-ryder?hsLang=en
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#51 Gyros Protein Technologies Streamlines
Biotherapeutic Impurity Testing with Automated
Immunoassay Platform: Enhancing Reproducibility and
Throughput

Published June 25, 2026  Bioprocess International (via Gyros Protein Technologies webcast

summary) USA

| overview

Gyros Protein Technologies is addressing impurity testing challenges in
biotherapeutic development with its Gyrolab automated immunoassay platform. This
platform significantly boosts reproducibility and efficiency by minimizing manual
steps and reducing operator variability. It supports high-throughput demands for titer
and process impurity testing workflows for monoclonal antibodies, ADCs, and
bispecific antibodies. This automation accelerates the biopharmaceutical

development cycle and shortens time-to-market.
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Key Findings

Gyros Protein Technologies has revolutionized the reproducibility and efficiency of
impurity testing in biotherapeutic development through its Gyrolab automated
immunoassay platform. This advanced system drastically reduces manual intervention
and operator-induced variability, thereby efficiently supporting the high-throughput
demands for titer determination and process impurity testing workflows for next-
generation biopharmaceuticals, including monoclonal antibodies (mAbs), antibody-drug

conjugates (ADCs), and bispecific antibodies.

Technical and Clinical Details

The Gyrolab platform combines microfluidics technology with automation, offering
several advantages over traditional manual immunoassays like ELISA. The system allows
for analysis with picometer to nanoliter sample volumes, minimizing consumption of
precious samples and reducing reagent costs. The automated workflow, executed under
consistent conditions from sample preparation to data analysis, dramatically reduces
variability due to human error. Particularly in the quantification of process impurities
(e.g., host cell proteins (HCPs), DNA, leached proteins), Gyrolab delivers rapid results with
high sensitivity and a broad dynamic range. This enables quick decision-making during
bioprocess development and early management of impurity carry-over to downstream
processes. For instance, accurate monitoring of HCPs is crucial for product safety and

quality, as they can impact immunogenicity and product stability.

Background and Industry Context

The development of biotherapeutics, owing to their complex molecular structures and
manufacturing processes, necessitates thorough quality control and characterization.
Specifically, the presence of impurities during the process can affect product safety,
efficacy, and stability, leading regulatory bodies (such as the FDA and EMA) to demand
rigorous monitoring and control of these impurities. Conventional impurity testing
methods have often been manual, time-consuming, labor-intensive, and prone to
reproducibility issues. Such challenges have contributed to delays in the
biopharmaceutical development cycle and prolonged time-to-market. Pharmaceutical
and biotechnology companies are seeking more efficient and reliable analytical solutions

to accelerate their development pipelines and improve cost-efficiency.



Strategic Significance and Outlook

The adoption of technologies like the Gyrolab automated immunoassay platform will
play a critical role in enhancing the efficiency of biotherapeutic development. Future
advancements are expected to involve further development and validation of assays to
accommodate a wider range of biopharmaceuticals and process impurities. The
integration of Al and machine learning could further enhance data analysis automation
and predictive capabilities, accelerating quality control and process optimization. This
will shorten development cycles and enable safer, more effective biotherapeutics to
reach patients more rapidly and cost-effectively. Automated impurity testing will become
an indispensable component for the biopharmaceutical industry to meet both regulatory

requirements and market entry pressures.

Source: https://www.bioprocessintl.com/sponsored-content/reproducibility-under-pressure-automating-
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#52 KyooBe Tech Unveils Rapid Vaccine Development
Method with Low-Energy Electron Beam Irradiation
(LEEI): Potential for Distributed Production and CGT

Applications

Published June 30, 2026  BioSpace USA

| overview

KyooBe Tech has advanced a new method for vaccine development utilizing low-
energy electron beam irradiation (LEEI) for rapid pathogen inactivation. This
technology can process up to 300 mL of liquid per hour, with scale-up to 100 liters
per hour currently under development. LEEI holds potential for distributed vaccine
production and viral inactivation in cell culture media for Cell and Gene Therapy (CGT)
applications, significantly enhancing vaccine manufacturing flexibility and

accessibility.
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Key Findings

KyooBe Tech announced significant progress in a new, rapid method for vaccine
development that leverages low-energy electron beam irradiation (LEEI) for pathogen
inactivation. This innovative technology is capable of processing up to 300 mL of liquid
per hour, with plans underway to scale up to 100 liters per hour. LEEI technology holds
broad application potential, including distributed vaccine production and viral

inactivation in cell culture media within the Cell and Gene Therapy (CGT) sector.

Technical and Clinical Details

LEEI technology offers several key advantages compared to conventional pathogen
inactivation methods involving heat, chemicals, or high-energy radiation. Low-energy
electron beams inactivate pathogens by damaging their genetic material (DNA or RNA)
while largely preserving their surface structures and antigenicity, which is crucial for
maintaining vaccine immunogenicity. The current processing capacity of 300 mL per
hour is already practical for research and small-scale production, and the anticipated
scale-up to 100 liters per hour would open pathways to medium- to large-scale
commercial production. This technology is expected to be particularly effective for heat-
labile antigens and viruses that are difficult to inactivate chemically. In the CGT field, LEEI
can be utilized for inactivating potential viral contaminants in cell culture media, thereby
enhancing product safety. Compared to traditional filtration or autoclaving, LEEI can
remove viruses without compromising media components, improving the robustness of

the culture process.



Background and Industry Context

In times of emergency, such as pandemics, vaccine manufacturing demands rapid and
large-scale production capabilities. However, conventional manufacturing methods are
often time-consuming and rely on centralized large-scale facilities, making them prone
to supply bottlenecks. Distributed vaccine production is a promising strategy to respond
quickly to regional demands and reduce supply chain vulnerabilities. Furthermore,
ensuring the safety of CGT products is paramount, and viral contamination during the
cell culture process poses a significant risk. LEEI technology is garnering attention as an
innovative solution to address these challenges. Beyond pharmaceuticals, this
technology holds potential applications in various sectors, including food safety and

sterilization processes.

Strategic Significance and Outlook

The advancement of KyooBe Tech's LEEI technology is poised to significantly impact
vaccine manufacturing and the CGT sector. Successful scale-up to 100 liters per hour
would accelerate the realization of distributed vaccine manufacturing models, enabling
communities to possess their own vaccine production capabilities. This would facilitate
faster and more flexible responses to pandemics or regional outbreaks. In the CGT field,
LEEI is expected to become a standard method for viral inactivation in cell culture media,
further enhancing product safety. Future clinical trials will be crucial to validate the safety
and efficacy of LEEI-inactivated vaccines and secure regulatory approvals. This
technology holds the potential to play a vital role in protecting public health and

advancing innovative therapies.

Source: https://www.biospace.com/press-releases/kyoobe-tech-advances-new-method-for-vaccine-
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