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The revolution of GCT is bringing a radical change in the present and future

medicine moving from the concept that one drugs fits all to autologous therapies

(3), with   personalized solutions for diseases that do not have other possibilities of

cure. Initially designed for hematological genetic diseases, today they are evolving

in application to solid tumors and a wider category of pathologies.

Due to the different nature of this new type of drugs, cells instead of molecules,  all

the steps of the long trip of their development are involved. 

From drug discovery through the proof of concept , preclinical, manufacturing ,

clinical, market access and Health Technology Assessment (HTA) (4), all these

phases, crucial for reaching the final product, have had to change in order to

support the different nature for these new drugs.

In fact moving from small molecules, the typical nature of the conventional drugs,

to cell-based products, as ATMPs, is a fundamental change that has a big impact

on the development.

To understand these new compound drugs it is important to deeply know the

difference  between  small synthetic molecules and biodrugs like monoclonal

antibodies and recombinant proteins and inside biodrugs between monoclonal

antibodies (macromolecules) and cell-based products (cells) (5).  

Cell and gene therapy (CGT) represents cutting-edge approaches in the

treatment of various diseases by modifying genetic material or using cells to

restore function (1-2).

Introduction to Cell and Gene Therapy
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The concept of gene therapy emerged in the 1960s and 1970s, coinciding with

advancements in understanding cell transformation mechanisms and the

development of recombinant DNA techniques. 

HistoryHistory

These early developments laid the groundwork for demonstrating that foreign

genes could correct genetic defects in vitro. The first clinical trials began in the

early 1990s, although they faced significant challenges, including adverse effects

and ethical concerns.

Figure 1 The first paper, in 1984, showing that a virus could insert genes into cells.

By that time one of the resons considered responsable of different side effects

seemed to be the vectors used for gene therapy, that during the last decades

were implemented in terms of safety and efficacy. R&D on these so important

tools continues today with the aim to improve their use and reduce toxicity. (6)

Cell and gene therapies have transitioned from experimental concepts to viable

treatment options, offering hope for patients with incurable diseases. Constant

research and collaboration between academia, industry, and regulatory bodies

will be crucial in overcoming existing challenges and realizing the full potential of

these therapies in clinical practice (7).
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The wide world of GCT

Along with gene therapies, that have been shown to be the most successful cell-

based drugs due to the demonstrable mechanism of action, there are other type of

GCT as the somatic cell therapy, tissue engineering and combined therapies. In

case of somatic cell therapies some of them, based of stem cells for the

reconstruction of cartilage (8) are still on the market because of their positive

benefit in the reconstruction of the target tissue (Dermagraft), others like Holoclar, a

stem-cell treatment is being used in the eye to replace damaged cells on epithelium

of the cornea (9). Despite the beneficial effects of these drugs on the target tissue,

a lot of work has to be done for studying the mechanism of action of somatic cell

therapy. Undoubtedly the induction of beneficial growth factors is involved together

with the recruitment of cells/precursors of immune system and differentiation of

stem cells.

Regarding the combination products, despite their complexity, there are big

expectations on these solutions in which cells are associated with different type of

scaffolds that can favor the therapeutic effects. Even in these cases, studies are

needed to better understand the synergistic effects between cells and scaffold

(medical device) (10).      

Advances and Milestones

Gene therapy has seen significant advancements, particularly with the development

of safer and more efficient gene transfer vectors, such as lentiviral and adeno-

associated virus (AAV) vectors. These have enabled successful clinical applications

in treating conditions like congenital blindness, hemophilia, and certain cancers (11).

The approval of gene therapy products by regulatory bodies like the FDA marks a

significant milestone in the field.
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The field of oncology has made big strides, thanks to CAR-T cell therapy (13). There

are big efforts in drug discovery related to new CART constructs  using viral and

non viral vectors to improve the safety and efficacy of CART and diminishing their

toxicity that are challenges that today have to be approached and solved, together

with genotoxicity and immune responses.

The development of genome editing technologies, like CRISPR/Cas, could offer

precise tools for gene correction and addition, promising further advancements in

the field. 

The integration of gene therapy into standard medical practice will require

overcoming these challenges and addressing ethical considerations, particularly

concerning germline editing.

Particular advances have been obtained by the use of CART , that combines gene

and cell therapy with a dedicated construct containing a part of an antibody

specific for the complementary receptor on the cancer T cell  to combat blood

tumors. In case of blood tumors the advent of CART has dramatically changed the

mode of cure with products that instead of curing the symptoms cure the disease

itself. These breakthrough results encourage all the stakeholders to work on the

development of safer, more efficient, reliable and sustainable CART able to cure a

larger number of pathologies. One of the field of intervention of the new generation

of CART is the drug discovery on new vectors, designing them working of the

effector part of the constructs to mobilize and switch, when they are in the patient

body, reactions that improve safety and efficacy, diminishing at the same time their

toxicity
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As of 2023, there are over 100 approved gene, cell, and RNA therapies worldwide,

with thousands more in development. These therapies target a wide range of

diseases, including monogenic disorders, cancers, and degenerative conditions (13).

The field continues to expand with ongoing research and clinical trials aimed at

refining these therapies and broadening their applicability.

CGT have transitioned from experimental concepts to viable treatment options,

offering hope for patients with previously incurable diseases. Continued research

and collaboration between academia, industry, and regulatory bodies will be crucial

in overcoming existing challenges and realizing the full potential of these therapies

in clinical practice.

Image from . doi: 10.1016/j.ymthe.2023.11.001
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Regulatory Frameworks for Advanced
Therapy Medicinal Products (ATMPs)
Advanced Therapy Medicinal Products (ATMPs) are a rapidly evolving class of

innovative therapies that include gene therapies, somatic cell therapies, and tissue-

engineered products. These therapies hold significant potential for treating serious

diseases with high unmet medical needs.

Gene Therapies

Product containing genes that treat

disease by regulating, repairing,

replacing, adding or deleting

genetic sequences.

Cell Therapies

Treatments using cells that have

been manipulated to change

biological characteristics or

functioning. 

Tissue Engineering

Product containing engineered cells or

tissues for regenerating, repairing or

replacing human tissue.

Combined Therapies

Products incorporating both active

substances and medical devices or

implants.

Understanding ATMP Classification

However, since they are a class of revolutionary products of completely different

nature compared to conventional drugs, their advent provoked a big change in the

regulation, requiring specific laws and directives able to meet the requirements of

safety and efficacy for appropriate sterile infusion in patients. In particular the fact

that the final product is made by cells/nucleic acids  not sterilizable at the end of the

process has forced regulators to elaborate guidelines able to address this feature in

terms of sterility tools and new analytical assays needed for quality control in

process and on the finished product.  Due to these characteristics the regulatory

framework that governs their development and market authorization is complex and

it differs across countries.
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In the European Union, CGT called Advanced Therapy Medicinal

Products (ATMPs) are regulated under a specific framework that

encompasses gene therapy, somatic cell therapy, tissue-

engineered therapies, and combination products (14). The

European Medicines Agency (EMA) and its Committee for

Advanced Therapies (CAT) play a central role in evaluating and

authorizing these products. The EMA has also introduced

expedited pathways, such as the PRIME scheme (priority

medicines), to facilitate faster access to ATMPs for patients with

serious conditions. In this contest the PRIME tool offers the

possibility to  obtain Market Authorization (MA) to charities and

academia. This scheme has successfully brought products like

CAR T-cell therapies to market (15-17). 

Regulatory Pathways in the European UnionRegulatory Pathways in the European Union

In the United States, ATMPs are classified as biological products,

focusing on gene and cellular therapies. This regulatory

framework emphasizes the manipulation of cells to change their

biological characteristics. Even though between US and Europe a

program for the harmonization of the regulation was implemented

in the ywo countries,  there  are some differences regarding the

development of ATMPs. In US the developers  of ATMPs, always

respecting the sterility rules, needed for this type of productes,

have more freedom to operate during manufacturing for clinical

batches compared to those adopted in Europe, until they reach

the step of MAA (Marketing Authorization Application). The

consequence of this is a significant incresed number of of ATMP

products in clinical development.  Japan has established

guidelines for the post-marketing surveillance of ATMPs, ensuring

long-term safety and efficacy monitoring (18).

Regulatory Frameworks in the United States
and Japan
Regulatory Frameworks in the United States
and Japan
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China has been actively reforming its drug regulatory system to

encourage innovation in ATMPs. The National Medical Products

Administration has improved its capacity and efficiency, resulting

in a significant increase in investigational new drug applications

for ATMPs. Despite these advancements, challenges remain

regarding innovative targets and the coverage of indications. The

regulatory framework in China is continuously evolving to address

these issues and promote the development of ATMPs (19;20).

Regulatory Developments in ChinaRegulatory Developments in China

Complex Processes

Requires specialized

equipment and expertise

High-Precision Standars

Requires stringent quality

controls

Short Self-Life

Sometimes less than 3 days

stability

Donor Variability

Impacts product

specifications

Technical issues represent 30% of ATMP development challenges.

Manufacturing complexity creates significant barriers to commercialization

Manufactuting and Technical ChallengesManufactuting and Technical Challenges
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Streamlining regulatory pathways and increasing funding for research are crucial

steps to overcome these challenges and improve patient access to these therapies.

The regulation of ATMPs is challenged by their complexity, rapid innovation, and

varying regulatory frameworks across regions. Addressing these challenges

requires harmonized regulations, increased collaboration between regulators and

developers, and innovative economic models to ensure these therapies reach

patients effectively and sustainably.

In consideration of the above comments, the access of ATMPs across countries is

not so easy and it is requiring a deep knowledge  of these drugs that often is not

present in the organization of different ministries of Health.  

Ongoing dialogue among stakeholders is necessary to balance patient safety with

innovation. Regulatory bodies are encouraged to adopt real-world evidence and

foster collaborations to enhance the evaluation and approval processes for ATMPs.
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In terms of bioreactors the SUT (Single Use Technology) is the best solution for

cells in culture. Today there are on the market different and useful tools for cell and

gene products, almost closed systems, made in plastic, some of them able to

manage the entire cell culture process. These bioreactors adopt the high surface

volume ratio concept, being compact with volumes reduced compared to expanded

surface. There are many  advantages using SUT, one of the major  include avoiding

cleaning validation since they are thrown away  at the end of the process. In fact

cleaning validation is a cumbersome activity typical of the use of stainless steel

bioreactors and processes scaled up and conducted in campaign. 

Manufacturing of ATMPs: change the
mind and strategy  
Manufacturing of ATMPs reflects the complexity of this new class of drugs and it is

undergoing major changes compared to the production of conventional synthetic

drugs. The fact that the final product is made by cells is a revolution and then GMP

plants, bioreactors, process development and mode of culture are affected and

require different approaches to deliver high quality, safe and efficacious for

patients.

The first big change is due to the biological nature of the finished product. Cells

cannot be sterilized at the end of the manufacturing with result of the loss of

product. The entire production process is managed in asepsis conditions strictly

monitored in GMP plants. It is essential to set up a robust process development and

activate a sterility assurance strategy including different parameters (sterility test,

media fill, environmental control, training and retraining of personnel) together with

quality control tests to guarantee the high quality of the desired product.
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There are different solutions on the market based on SUT. They were initially

designed to manufacture cells for single patient (autologous therapy). Now the

present and future needs on one side to move to production for niches of patients

(allogenic therapies) and the other to increase the number of diseases potentially

curable with ATMP, raises the question of linear or modular scalability. 

Another advantage is to be be closed system avoiding cross contamination, a

fundamental parameter to be strictly controlled, being ATMPs infusion products. In

addition reduced investments to install these bioreactors compared with the

conventional stainless steel fermenters is a parameter to be considered. 
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Linear scalability when the final product is based on cells is a solution not

applicable at large scale. Modular scalability could be better adopting a mixed

strategy, such as linear scale up to limited volumes and then, including modular

scale up in combination with robotized arms.

The scale up of cells in culture has always been a challenge for all biological drugs

requiring big attention during the progression of the scale of the culture in terms of

cell culture media, geometry of the bioreactors, oxygenation and harvest. In case of

ATMP the scale up requires particular care in consideration of the nature of the final

product, cells and the type of therapy, authologous for a single patient or allogenic

for niches of patients. For the time being, since gene and cell therapies were

administered to cure rare and ultrarare diseases in a autologous regimen, the

problem of scale up has been limited. With the expansion of ATMP to allogeneic

therapies and to cure a larger number of diseases the scale up of manufacturing

processes is being addressed  and will have to find efficient solutions. 

An efficient and robust scale up needs harmonization between different parameters

including the physiology of cells, replication cycle, cell culture medium with

appropriate ingredients, timing of culture, the geometry of bioreactors related to the

oxygen demand, microbiological control. The most appropriate way to approach

the scale up is to set up the process in small scale, try to validate it  and then

expand the culture step by step taking care of the changes observed during the

enlargement of the culture. This way to operate is the most appropriate to avoid

inconveniences at late steps.
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The physiology of the cell and its cycle/doubling time  is an essential feature to

consider in consideration of the recovery of cells at the end of the manufacturing

process that must have the desired characteristics without any change in their

genotype and surface markers. That is the reason by which medium for cells

growing and timing in culture is crucial.

The microbiological control of all the components of the culture, part of the sterility

assurance, is needed both at the beginning on all the materials and reagents,

during the process and at the end on the final product. Sterility assurance is an

essential component of the safety quality control strategy and needs deep

knowledge and experience especially on the type of microorganisms that could

contaminate the culture (21).
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Conventional GMP plants evolved
from traditional pharma manufacturing
concepts.

The manufacturing plants for ATMPs are called Cell Factories and, compared to the

conventional plants they appear like “boutiques”, appropriate for manufacturing of

tailor made batches of cells for authologous therapies. The Cell Factories are

designed with increasing filtration of air based on absolute filters that provide

progressive high containment of rooms up to class B when laminar flow hoods of

class A are installed  and where there is the manipulation of cells following the

current GMP rules. The original design of plants was influenced by the kind and

dimension of the cultures and over the time the manipulation of cells under the

laminar flow hoods, in open environment, is going to be replaced with closed

systems able to manage all the manufacturing process (e.g. Prodigy, Cocoun, G-

Rex). These closed bioreactors do not need to be placed under a laminar flow hood

. Initially they were placed in the class B room in a prudential strategy of

containment, but today with an appropriate risk analysis they can be placed in a

class C room. The advent of closed systems for production of ATMPs is one of the

break through technological innovations in the manufacturing field that is bringing

to big changes in the conception and building of manufacturing facilities (22). 

In a near future we will see the moving from conventional GMP plants, that  were

conceived by taking the legacy of traditional pharma plants to a different concept of

manufacturing facilities based on isolators and perhaps mobile plants. This big

change, always respecting the GMP rules for producing safe, efficient and

sustainable ATMPs will have a considerable impact on the costs of these therapies. 
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Isolation technology 
Cell and Gene Therapies are changing the landscape of medicine due to their

unprecedented ability to offer a one‐time cure for severe, debilitating diseases that

were previously untreatable.

They represent the next wave of medicines with an enormous potential for treating

and curing debilitating and serious diseases and will play an important role in the

future global medical economy.

ATMP processing is an important new industry with strong companies focusing

significant efforts on developing technologies and approaches to reduce costs and

to improve the safety for patients.

Clean rooms for clinical application require high running and maintenance costs

and need trained operators and strict procedures to prepare the rooms and the

people involved in the processes. The development of new generation

technological solutions arises from the need to simplify the workflow of even very

complex processes in closed and automated systems.

While today production mainly occurs in open systems (clean rooms), there is

evidence  of processes in closed systems (isolators). Isolators provide a controlled,

aseptic environment that can be an effective alternative to traditional clean rooms

to produce advanced therapies. The use of closed systems such as isolators for the

production of biological drugs in GMP environment requires the development of

strategies that simplify their use.
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A FEW GOOD REASONS FOR CHOOSING A CLOSED SYSTEM

A closed system (AinD) allows an economic saving of the

facility's total cost of ownership if compared to an open

system (AinB).

The isolator is a Grade A aseptic closed system that requires a controlled

environment and at least a Grade D environment in the case of sterile productions

(A in D closed system)

A comparative analysis of two equivalent cell factories, one AinD and

one AinB, provided the following important results:

Infrastructure savings: -50%; Energy savings: -85%; Manufacturing

costs (direct and indirect): -21% GHG emissions: -52%

The physical separation between product and operator

allows a greater degree of safety for both the product and

the operator.

EUDRALEX Vol. 4 (23), Annex 1, 2022, states, on this specific topic, in paragraph 4.3:

4.3 (…) isolators are beneficial in assuring required conditions and minimizing

microbial contamination associated with direct human interventions in the critical

zone. Their use should be considered in the CCS. Any alternative approaches to the

use of (…) isolators should be justified.

A closed system in a limited, confined space is more.

A physically confined space is easily kept under control from all points of view. All

system parameters are easily monitored through the system management software

(SCADA). Technical maintenance can often be carried out remotely without

requiring stopping scheduled work activities.

17ADVANCED THERAPIES: A COPERNICAN REVOLUTION  



Decon operations are simplified given the reduced volumes of isolators. Simplified

and faster operations are allowed in closed systems by using H2O2 vapors and

manual cleaning. The same can be said of the validation and requalification

operations.

The SCADA software and the PLC specifically developed and designed for these

applications make it possible to simplify all process traceability activities in

accordance with Annex 11 of Eudralex Vol. 4

The traceability of the production process is the foundation of GMP and its

management in open systems requires an enormous effort by the operators who

often find themselves having to manually note the various steps performed in the

clean room. In an Isolator, the SCADA architecture is a fully integrated system that

can keep track of the entire process to be submitted to the authorities and for filing

purposes in a single report (24).
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Benefits of Using Isolators

Isolators offer a high level of protection against contamination, which is

crucial for maintaining the integrity of cell and gene therapies. They

provide a Grade A aseptic environment, which is essential for sterile

productions.

Contamination Control

Compared to clean rooms, isolators can reduce costs due to their

smaller size and simplified operational procedures. This makes

them a cost-effective solution for Good Manufacturing Practice

(GMP) environments.

Cost Efficiency

Isolators can facilitate the production of Advanced Therapy

Medical Products (ATMPs) on a large scale. They provide a

reproducible working environment that can be easily scaled up,

which is beneficial for meeting increasing demands.

Scalability
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The Challenge of Scalability in Isolators

Recent technological advancements are significantly advancing the development of

Advanced Therapy Medicinal Products (ATMPs), making them more accessible and

affordable for patients with various medical conditions. 

To address the challenge of scalability, isolator technology offers an innovative

solution that allows for the transfer of cultured cells in a sterile and bioconfined

environment. The BetaBiobox (a patented solution by IWT) (25) enables the removal

of cell flasks from the isolator, allowing them to be incubated in standard external

CO  incubators.2

This process not only keeps cells from different patients safe from cross-

contamination but also drastically reduces equipment costs compared to other

solutions that rely on specially designed CO2 incubators.

This tool represents a unique, reliable, GMP-compliant, and cost-effective transfer

system. It ensures the bio-confinement of cultured cells in the same aseptic

conditions as those in the Grade A work area of the isolator, facilitating their

transfer to external incubators or other equipment.

Key Reasons for Using Bioconfined Transfer Systems in the

Manufacture of ATMPs

Increased Space Requirements in Integrated CO2 Incubators: As

manufacturing scales up, there is a need for larger volume capacities.

Working with Cells from Different Patients: This necessitates the

ability to manage multiple cell types within the same isolator. 

Enhanced Flexibility: The bioconfined procedure allows for the use of

external standard CO2 in two distinct ways, facilitating a more efficient

process.

In summary, bioconfined transfer systems offer significant advantages in the

scalable production of Advanced Therapy Medicinal Products (ATMPs).
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Vertical connection (IsocellPRO RTP
460 on the work surface of the isolator)​

A biological sample transfer system specifically for the transferof biological samples

from a Grade A (ISO 4.8) isolator to external standard CO2 incubators, and vice

versa, without disrupting the continuity of the biological sample isolation,

comprising an RTP container defining a container opening closable by a container

lid equipped with a HEPA filter, and an auxiliary container openingclosable by an

auxiliary container lid equipped with a HEPA filter, and opposite the container

opening and a gyroscopic flask holder , in which the gyroscopic flask holder is

housed inside the RTP container .

BetaBiobox with « inertial » tray to

avoid flask’s rotation during connection

and disconnection (If no rotating Alpha

port installed)​
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Conclusions

ATMP drugs, for their biological nature, represent a revolution for the cure of

diseases that do not have other chance to be solved. The fact that the final product

is made by cells/nucleic acids has brought a radical change in all the steps of

development, manufacturing and positioning in the market. The evolution of this

break-trough innovation  will not be restricted to rare and ultrarare diseases,

moving to a larger groups of pathologies including solid tumors and autoimmune

diseases. 

ATMPs are very potent and specific drugs, by a mechanism of action acting on the

genetic heritage of cells, but with problems of adverse effects and toxicity. The

future success of these therapies will be played  on the maintenance  of potency

and reduction of toxicity. In this context the evolution of manufacturing, already

managed by disposable and tailored bioreactors and in production GMP plants,

being compact and limited surface structures, completely different from the

conventional ones, will play an important part in manufacturing and releasing of cell

products more and more safe and efficacious. Furthermore, to address the other

huge problem related to ATMPs, the cost sustainability, new systems, the isolators,

start being available on the marketand could substitute the conventional GMP

plants in a near future bringing substantial reduction of production costs. 

ATMP represent a still emerging field with great prospects in a near future making

available  a new class of drugs able to cure not only symptoms but the disease

itself.       
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