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Summary

Advanced therapies constitute one of the most com-
plex, organizational, and regulatory areas currently
approached by clinical researchers in order to ex-
plore new therapeutic applications. Basic scientists
and clinicians trying to implement cell therapies into
clinical practice, may feel overwhelmed by the appar-
ently endless regulatory requirements that apply.
However, regulatory agencies have primary respon-
sibility on patient safety and law enforcement are, and
should be, their main considerations. Cell- and tissue-
based therapies have the potential to treat many con-
ditions, where present conventional treatments are
inadequate. The current approach to cell- and tis-
sue-based therapy development requires using good
manufacturing production facilities through master
and working cell banks. Facilities need to be pur-
pose-designed and accredited by their national me-
dicinal regulatory body and production scientists
need to work in close tandem with quality assur-
ances and ethics committees to absolutely ensure the
safety of this cellular products.
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Introduction

Recently a great interest has arisen in research in the field
of advances therapies, which may have important appli-
cations in tissue engineering, regenerative medicine, cell
therapy and gene therapy owing to their great therapeu-
tic potential which may have important applications1,2.
Cell therapy is based on transplantation of live cells in or-
der to repair or restore lost or defective functions. Regen-
erative medicine is in turn a multidisciplinary area aimed

at maintenance, improvement, or restoration of cell, tis-
sue, or organ function using methods mainly related to cell
therapy, gene therapy and tissue engineering. 
Somatic cell therapy with skin replacement products and car-
tilage repair using articular chondrocytes have already been
a standard of care for a decade3-4; however, the cells mainly
used for such advanced therapies are stem cells because of
their ability to differentiate into specific cells required for re-
pairing damaged or defective tissues or cells5. There is
much to be investigated about the specific characteristics of
stem cells and about the efficacy and safety of the new drugs
based on this type of cells both embryonic or adult stem cells.
In fact recent progress in the transfer of nuclei from human
somatic cells, as well as iPSC technology, has allowed avail-
ability of lineage of all three germ layer genetically identical
to those of the donor patient, which permits safe transplan-
tation of organ-tissue specific adult stem cells with no im-
mune rejection6-11.The main objective of stem cell therapy is
the need for expansion of stem cell characteristics to maxi-
mize stem cell efficacy (proper selection of a stem cell) and
the efficacy and safety of delivered drugs. The general ob-
jectives in the area of cell- and tissue-based therapies for the
next few years are related to the identification of therapeu-
tic targets and potential therapeutic tests, studies of cell dif-
ferentiation and physiological mechanisms, culture conditions
of pluripotent stem cells and safety tests for cell based drugs
or procedures to be performed both in animal models and hu-
man in the corresponding clinical trials. 

c-GMP facilities and quality control requirements of
cell therapy products

Cell-based Medicinal Products (CBMPs) or Advanced Ther-
apy Products (ATPs) include cell therapy products and tis-
sue engineered products. These products are manufac-
tured from viable autologous, allogeneic or xenogeneic
cells and they can also contain non cellular components
(chemical/biological compounds, matrices, scaffold etc.) ei-
ther as a raw material or as a part of the active substance.
Cell therapy medicinal products are intended for treatment
or prevention of diseases or to make a diagnosis, via a
pharmacological, immunological or metabolic mode of ac-
tion of the cells. Tissue engineering products (TEPs) are de-
veloped for structural and functional repair of tissue/organ
defects and their mode of action is to repair, restore or re-
place tissue structure/function12.
Any procedure related to CBMPs requires a strict control
in c-GMP facilities. A cGMP facility is a production facil-
ity for the manufacturing of pharmaceutical or cellular
products. It includes the manufacturing space, the storage
warehouse for raw and finished product and support lab-
oratory areas13. Facilities should be designed and organ-
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ized according to Good Manufacturing Practice for Phar-
maceutical Manufactures14 including quality control and
quality assurance programs, which established a Quality
System approach to control collection, processing, stor-
age and release of cell therapy products and also address
the following elements: a) facilities (design, access and
maintenance); b) equipment (purchase, use and mainte-
nance); c) materials (specifications, purchase, storage
and use); d) quality assurance (quality control, validation,
qualification and document control). It builds up on the
multidisciplinary team expertise: the Quality Assurance,
while founded on the following elements: quality pro-
gram, organization and personnel, standard operating
procedures, environmental control, equipment monitoring,
supplies and reagents, process controls, process
changes, process validation, labeling design and control,
storage requirements, records, tracking, non confor-
mances and complaints management, risk assessment,
reporting and reviewing. In areas where Quality Assur-
ance interacts with hospital departments and infrastruc-
tures, such as housekeeping, engineering, information
technology, and supply departments, the aim is to estab-
lish relevant service level agreements in order to ensure
adequate level of regulatory compliance15-16. The Quality
System approach is risk-based. For the facilities it is of
paramount importance to prevent potential contamination,
both microbiological and by endotoxins due to defects in
environmental conditions, handlers, culture containers, or
raw materials, or crossed contamination with other prod-
ucts prepared in the same production plant. Care should
be taken with methods for container sterilization and con-
trol of raw materials and auxiliary reagents, use of High
Efficiency Particular Absorbing (HEPA) filter to prevent air-
borne cross-contamination, separate handling of materi-
als from different patients, etc. For these reasons, the
most important rooms of these facilities include the so-
called clean rooms, which are classified in four classes (A-
D) depending on air purity, based on the number of par-
ticles of two sizes (≥ 0.5 μm, ≥ 5 μm). Other parameters
such as temperature, humidity, and pressure should be
taken into account and monitored because of their poten-
tial impact on particle generation and microorganism pro-
liferation17. Materials and staff flows should be separated
and be unidirectional to minimize cross contamination,
and documentation of all activities is necessary. The tech-
nical staff should be especially trained in basic hygiene
measures required for manipulation in clean rooms. Tech-
nical staff should have adequate qualification for both the
conduct and surveillance of all activities.
Production and distribution of CBMPs or ATPs are con-
trolled by the relevant local and national authorities based
on the International Conference on Harmonization of
Pharmaceuticals for Human Use which standardizes the
potential interpretations and applications of the corre-
sponding national recommendations18.

Manufacturing and regulatory requirements for cell
therapy products 

A risk based approach can be used also to define the
amount of scientific and clinical data for each cell therapy

product. The initial risk analysis performed by developers
identify the risks related to the product, its production and
clinical use, and the evaluation covering the whole prod-
uct development. The initial risk evaluation also serves as
a basis for the preparation of a risk management plan 19.
The Good Clinical Practice are applied to develop clini-
cally these products. 
The legal requirement for CBMPs are set in Regulation
1394/2007/EEC20 and in revised Annex I Directive
2001/83/EEC21. Likewise the national medicinal regulatory
body should be aware of the initiation of the production
before it starts.
Product characterization includes testing for identity, pu-
rity/impurity, potency, viability and cell number. Addition-
ally, tumorigenicity and biocompatibility testing should be
performed where appropriate. The issues to be consid-
ered include cell origin (autologous versus allogeneic),
ability to proliferate/differentiate, ability to initiate an im-
mune response, level of cell manipulation, route of admin-
istration, duration of exposure, use of combination prod-
ucts etc. In compliance with officials standard books such
as the European Pharmacopoeia(EurPh)22 or The United
States Pharmacopoeia (USP) 23, each batch of a CBMPs
or ATPS should pass a very strict and specific test con-
trol depending of the characteristics of the cell therapy
product. The major risks related to a cell based product
are microbiological contamination, dedifferentiation/loss of
cell function, cell transformation malignancies, immuno-
genicity and ectopic engraftment of cells to non target-tis-
sues. Whenever there are limited possibilities for batch re-
lease testing, the missing information are complemented
through proper product characterization and process val-
idation data. Definition and characterization of the prod-
uct are of outmost importance, as these data provides the
tools for proper process validation, in process testing
and release testing. Tissues and cells, used as starting
material for cell therapy products should comply with the
requirement set in the Directive 2004/23/EEC24 and the
technical directives drawn from it25,26. 
Manufacture of living cells does not allow terminal steril-
ization of the product or removal/inactivation of microbial
contaminants. Thus, appropriately tested and qualified
starting materials and a validated aseptic manufacturing
process are the key factors to ensure microbiological pu-
rity of the product. Sterility testing for the absence of the
bacteria, mycoplasma and fungi should be conducted at
released whenever possible. However sterility testing
may not be possible for all products, especially when the
shelf-life of the product is very short; in such a case, al-
ternative methods with shorter read-out cold be used27,28. 
Cell therapy products are initially tested in non-clinical
studies. Non-clinical studies include pharmacology, phar-
macokinetics, and toxicological studies. The objectives
are to demonstrate the proof of principle (specific thera-
peutic utilization) for the medicinal product and to define
the pharmacological and toxicological effect that are pre-
dictive of the response in humans. Further objectives
comprise the establishment of safe doses for subsequent
clinical studies and to support the route of administration
of the cell-based product. Moreover, a non clinical study
also identifies target organs for toxicity and should allow
for the definition of parameters to be monitored in the pa-
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tients. It is also necessary to provide safety suitability and
biocompatibility data for any additional substances that
are administrated together or as a part of the cell-based
medicinal product, such as cellular components, biomol-
ecules, biomaterials and/or chemical substances. The
selection of materials should be justified based on bio-
compatibility. Especially for scaffolds, the physical, me-
chanical, biological and chemical properties should be
considered, all these aspects influence their interactions
with the cells and should be addressed. Finally non-clin-
ical studies should be performed in relevant animal mod-
els, meaning that the animals should allow the human re-
sponse to CBMP to be predicted. 
The clinical development of a CBMP follow the same
regulatory requirements as established for other medici-
nal products20 and the existing general specific guidelines
available for the clinical conditions to be treated. The ini-
tial risk evaluation is used to design the entire clinical de-
velopment plan that include pharmacodynamic and phar-
macokinetic studies, mechanism of action, dose finding
studies and randomized pivotal clinical trials. During the
explorative phase of clinical studies, special attention
should be paid to pharmacodynamic, and pharmacoki-
netic studies by monitoring of viability, proliferation/differ-
entiation, body distribution/migration during the intended
viability of the CBMP. One of the critical features is the def-
inition of the dose. Efficacy are established using clinical
meaningful endpoints and both structural and functional
measurement are considered. As with other medicinal
products, a prospective, randomized concurrently pivotal
study is expected, unless otherwise justified. In case a sin-
gle pivotal study approach is used, it should comply with
the requirement of the point to consider on application
with one pivotal study29. More than one pivotal clinical
study should be considered if: a) the mechanism of action
is unknown; b) there is a new pharmacological principle;
c) phase I and II data are too limited or d) there is a new
therapeutic area with a history of failed studies. As it ex-
pected that CBMPs do have long-lasting effects, the risks
of late events both from an efficacy and safety point of
view should be addressed during clinical development
and in a risk management plan. Another set of risks
emerges from long term use of CBMPs. Considerations
should be given in presence of a plato-effect of efficacy
(no increase in efficacy despite further time flow dosage
increases) and if the product shows unsafe features as
well as loss of beneficial effect or late adverse events
such as malignancies.
In USA regulatories have been developed using the
same approach. FDA defines a regulatory framework
that controls Advanced Therapy Products (ATPs) based
on three general areas: a) prevention of use of contam-
inated tissues or cells (e.g. AIDS or hepatitis); b) preven-
tion of inadequate handling or processing that may dam-
age or contaminate those tissues or cells; and c) clinical
safety of all tissues or cells that may be processed, used
for functions other than normal functions, combined with
components other than tissues, or used for metabolic
purposes. In fact, the key points of the current regulation
for cell therapy products30-31 include: 1) demonstration of
preclinical safety and efficacy; 2) no risk for donors of
transmission of infectious or genetic diseases; 3) no risk

for recipients of contamination or other adverse effects
of cells or sample processing; 4) specific and detailed de-
termination of the type of cells forming the product and
what are their exact purity and potency; 5) “in vivo”
safety and efficacy of the product. The FDA also provides
specific recommendations on how scientists should ad-
dress the safety and efficacy issues related to this type
of therapy 32,33. 

Regulatory requirements for embryonic and iPSC
therapy products

Recently the fist clinical trial of a product derived from hu-
man embryonic stem cells in acute spinal cord injuries
was approved in the USA by the Food and Drug Admin-
istration34-35, of course, cell therapy with human embryonic
stem cells has raised moral and ethical issues36,37. Such
considerations refer to donor consent and problems as-
sociated to oocyte collection and the issue of destruction
of human embryos38. Guidelines ranging from total prohi-
bition to controlled permissiveness, defining what may be
permitted in research with pluripotent stem cells, have
been issued in countries all over the world39.Such guide-
lines reflect the different views about when life starts dur-
ing the human embryonic development as well as regu-
lation of measures to protect oocyte donors and to reduce
the probability of human embryo destruction40.
Induced pluripotent stem cells (iPSCs) from somatic cells
are revolutionizing the field of pluripotent stem cells. iP-
SCs were obtained by reprogramming somatic stem cells
of a patient through the introduction of certain transcrip-
tion factors41-43, and they can be used to discover new
drugs and to establish cell therapy protocols because they
show pluripotentiality to differentiate into cells of all three
germ layers. The iPSC technology offers the possibility of
developing patient-specific cell therapy protocols44 be-
cause the use of genetically identical cells may prevent
immune rejection. In addition, unlike embryonic stem
cells, iPSCs do not raise a bioethical debate, and are
therefore a “consensus” alternative that does not require
use of human oocytes or embryos45. Moreover, regulatory
issues of iPSCs are included in those of embryonic stem
cells46-49.

Conclusion

A regulatory framework will be required to ensure patient
accessibility to products and governmental assistance
for their regulation and control. Up to now, most cell ther-
apy protocols have not been controversial. The exception
is therapy with human embryonic stem cells, which has
raised moral and ethical issues. Such considerations re-
fer to donor consent and problems associated to oocyte
collection and the issue of destruction of human em-
bryos. Bioethical aspects50-52 will be required related to the
scientific and therapeutic relevance and cost of cryop-
reservation over time, but specially with respect to em-
bryos which may ultimately be used as source of embry-
onic stem cells, in which case the bioethical conflict may
be further aggravated. 
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Complex legislation makes it difficult, expensive and time-
consuming for researchers to approach these issues,
but regulatory agencies have primary responsibility on pa-
tient safety and law enforcement are their main consider-
ations. However the therapeutic applications are fascinat-
ing and cell therapy represents a great promise for the
treatment of many diseases.
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