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Introduction

However, despite its success, the production of CAR-T cells is fraught with challenges, particularly during manufacturing. 
One significant challenge is the “slow growth” in T cells during the expansion phase, which can lead to reduced cell 
yields, increased costs, and delays in treatment delivery.

Slow growth in CAR-T manufacturing must be addressed to ensure the consistency and reliability of this life-saving 
therapy. Recent advances in data-driven technologies offer promising solutions to this problem. 

The Mareana Connect™ Platform, designed specifically for life science manufacturing, provides a comprehensive 
data-driven approach to identifying and mitigating the factors contributing to slow growth. By leveraging advanced 
data integration, real-time analytics, and machine learning, Connect™ enables manufacturers to optimize the CAR-T 
production process, ensuring higher yields and better patient outcomes.
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Chimeric Antigen Receptor T-cell (CAR-T) therapy has transformed cancer treatment, offering a personalized and 
highly targeted approach that has yielded remarkable results in patients with specific types of cancer. This revolutionary 
therapy harnesses the power of a patient’s immune system by engineering T cells to recognize and attack cancer cells. 



Understanding Slow Growth in 
CAR-T Manufacturing

Slow growth in CAR-T manufacturing 
refers to the suboptimal proliferation 
of T cells during the expansion phase, 
resulting in insufficient cell yields. 
This issue is multifaceted, influenced 
by a range of factors, including:

Patient-Specific Factors  

The variability in T cell quality and viability among 
patients is a significant factor influencing the success 
of CAR-T cell manufacturing. Factors such as a 
patient’s overall health, prior cancer treatments, 
and immune status can drastically affect T-cell 
proliferation. 

For instance, a study published in the International 
Journal of Molecular Sciences (2021) highlighted how 
prior chemotherapy can lead to T-cell exhaustion, 
reducing their expansion capacity during CAR-T 
manufacturing.1 This variability necessitates a 
personalized approach to manufacturing, where 
patient-specific data is carefully analyzed to predict 
and mitigate potential slow growth issues.
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Cell Activation and Modification

Activating and genetically modifying T cells is another 
crucial step in CAR-T manufacturing. During this phase, 
T cells are activated to increase and are then 
genetically engineered to express the CAR. 

However, the efficiency of these processes can vary, 
leading to suboptimal cell growth. Research in 
Biomedicines (2016) has shown that using specific viral 
vectors and electroporation methods can improve the 
efficiency of genetic modification, thereby enhancing 
T-cell proliferation.2

Connect™ integrates data from these processes, 
allowing manufacturers to identify optimal activation 
and modification conditions that minimize the risk of 
slow growth.



Culture Conditions

The environment in which T cells are cultured is critical 
in their growth and expansion. Factors such as media 
composition, oxygen levels, and nutrient availability 
must be carefully controlled to promote optimal T-cell 
proliferation. Suboptimal culture conditions can lead to 
slower growth and insufficient cell yields. 

A comprehensive review in Biotechnology and 
Bioengineering (2020) emphasized the importance 
of optimizing bioreactor conditions, noting that even 
slight variations in pH or oxygen levels can significantly 
impact cell growth.3 

By collecting and analyzing environmental data in real 
time, Connect™ enables manufacturers to maintain 
ideal culture conditions, reducing the incidence of 
slow growth.
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Cell Senescence  

Cell senescence, or the process by which cells lose their 
ability to increase, is another factor that can contribute 
to slow growth in CAR-T manufacturing. As T cells age, 
they may enter a state of senescence, reducing their 
expansion capacity and leading to lower cell yields. 
Recent research in EBioMedicine (2021) has identified 
biomarkers that can predict T-cell senescence, offering 
potential intervention strategies to maintain cell 
viability.4 

Connect™’s advanced analytics capabilities allow for 
the early detection of senescence, enabling timely 
interventions that preserve cell proliferation and 
enhance overall yields.



Mareana Connect™: 
An Out-of-the-Box Solution
Mareana’s Connect™ Platform is purpose-built to address the complexities of modern life science 
manufacturing, offering robust tools for data integration, analytics, and process optimization. Its ability 
to collect, analyze, and correlate data from various stages of the CAR-T manufacturing process provides 
deep insights into the factors driving slow growth.

Data Integration and Genealogy 
Connect™ is built to handle the complexities of modern CAR-T manufacturing by 
integrating data from multiple sources, including:
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Patient Data: Information on the patient’s health, prior treatments, and immune status.

Process Data: Real-time data from the cell collection, activation, modification, and    
expansion stages, or condition bioreactors, such as temperature, pH, and oxygen levels.

The data is organized into a comprehensive genealogy that tracks each cell’s journey from 
collection to final product. A study in the Journal of Process Control (2010) discussed the      
importance of data integration in biopharmaceutical manufacturing, highlighting how 
a holistic view of the process can uncover correlations between process variables and 
outcomes.5 

By creating a detailed genealogy, Connect™ enables manufacturers to identify the factors 
contributing to slow growth and make informed decisions to optimize the production process.

Advanced Analytics and Machine Learning  
The power of Connect™ platform lies in its ability to apply advanced analytics and 
machine learning to the vast amounts of data generated during CAR-T manufacturing. 
These tools allow the platform to:

Identify Patterns: Detect patterns and anomalies in the data that may indicate slow 
growth.

Correlate Variables: Establish correlations between different variables, such as the 
impact of specific culture conditions on cell proliferation rates.

A study published in JCO Clinical Cancer Informatics (2019) demonstrated how machine 
learning models could predict cell growth outcomes based on historical process data.6 This 
strategy allows manufacturers to intervene proactively, adjusting the process to ensure 
optimal cell expansion.

Predict Outcomes: Use predictive modeling to forecast the likelihood of slow growth 
based on real-time process data.
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Root Cause Analysis  
Identifying the root cause of slow growth is essential for improving the efficiency and 
consistency of CAR-T manufacturing. The Connect™ platform facilitates root cause analysis 
by:

Identifying the Root Cause of “Slow Growth” in CAR-T Manufacturing with a Data-Driven Approach 06

Drilling Down: Enabling users to drill down into specific data points and trace the lineage 
of slow-growing cells.

Comparative Analysis: Comparing data from successful and unsuccessful batches to 
identify critical differentiators.

According to a report in Biotechnology Progress (2008), such data-driven approaches have 
been shown to reduce batch failure rates, highlighting the effectiveness of root cause analysis 
in biopharma manufacturing.7

Simulation and Modeling: Simulating different process conditions to predict their impact 
on cell growth and optimize manufacturing protocols.

Connect™ has been applied and proved successful to analyze CAR-T manufacturing data, identifying key 
factors contributing to slow growth. The analysis included vector information, activation conditions, 
culture conditions, and cell senescence markers. By creating a comprehensive batch genealogy and 
contextualizing data from various manufacturing steps, it has enabled the identification of critical factors 
contributing to slow growth.

Through the application of advanced analytics and machine learning, Connect™ identified specific 
conditions that were linked to successful cell proliferation. These insights allowed the facility to implement 
targeted interventions, such as optimizing media composition and adjusting activation protocols, 
significantly reducing batch failures. 

The models deployed by Connect™ provide a predictive probability of success based on input materials and 
operating conditions, allowing for proactive intervention to prevent batch failures and improve 
communication with caregivers about expected treatment timelines.

Case Study: Application of Mareana 
Connect™ in CAR-T Manufacturing



Benefits of a Data-Driven Approach
Mareana Connect™ uses a data-driven approach to identify the root cause of slow growth and offers several 
key benefits like:
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01 Improved Patient Outcomes

By reducing variability in the CAR-T manufacturing process, it enhances the predictability and 
quality of the final product. This leads to better patient outcomes, as consistent and reliable 
manufacturing processes ensure patients receive high-quality CAR-T cells that are more likely 
effective in treating their cancer.

02 Increased Yield and Consistency

Addressing the issue of slow growth through data-driven insights allows manufacturers to 
increase the yield of viable CAR-T cells, reducing the need for batch rejections and rework. 
This not only improves the efficiency of the manufacturing process but also enhances overall 
product quality. 

03 Reduced Costs and Regulatory Compliance

Identifying and addressing the root cause of slow growth reduces the financial burden 
associated with batch failures and rework. By ensuring that each batch meets stringent quality 
standards, it helps manufacturers comply with regulatory requirements, such as those set by 
the Food and Drug Administration (FDA). The platform’s comprehensive data traceability and 
audit readiness capabilities ensure CAR-T products meet all regulatory standards.



Conclusion
The challenge of slow growth in CAR-T manufacturing is a significant barrier to the widespread adoption of this 
revolutionary cancer therapy. However, it is not an insurmountable problem. By adopting a data-driven approach, 
manufacturers can gain deep insights into the factors contributing to slow growth and implement targeted 
interventions to enhance CAR-T production’s efficiency, consistency, and scalability.

Mareana Connect™ offers a powerful solution to this challenge. It enables manufacturers to optimize their processes, 
reduce costs, and, ultimately, improve patient outcomes. As CAR-T therapy continues to evolve, data-driven 
approaches like those offered by Connect™ will play a crucial role in ensuring that this life-saving treatment reaches 
its full potential.
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Founded in 2015, Mareana is an AI-powered software 
company with the mission of accelerating digital 
transformation in manufacturing, supply chain, and 
sustainability via our connected intelligence platform.

Mareana’s platform uses AI/ML to rapidly connect 
disparate, siloed data across the entire business 
process, allowing our customers to shift their time and 
effort from data preparation to making complex 
business decisions intuitively, in real time.

Our customers are market leaders in life sciences, 
chemicals, and general manufacturing who have 
realized over a billion dollars in business value by 
leveraging our platform.
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