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Summary

Retrovirus mediated gene therapy has already proven to be more than just a theoretical option to treat patients
with severe genetic defects. Clinical gene therapy trials of X-linked severe combined immunodeficiency or
adenosine deaminase deficiency have demonstrated the success and potential benefit of the therapy. Never-
theless, the complexity of the therapeutic products and their biological origin, as well as virus-related safety
concerns require the need of a strict regulatory framework in order to guarantee the quality of the individual
products and safety of the patients. The aim of this review is to give an overview of the rapidly evolving regu-
latory framework of Advanced Therapy Medicinal Products in Europe. We will summarize the most important
regulatory documents to be considered before entering the clinical development phase—not only from a Ger-

man but also from a European perspective.
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Introduction

Clinical gene therapy is a very ambitious intent. The general
principle sounds as easy as it is ingenious. Instead of treating the
symptoms of severe genetic diseases such as immunodeficiencies
or metabolic disorders, gene therapy intends to cure the underly-
ing genetic defect by introducing a corrected copy of the mutated
gene, or even by correcting the affected gene itself. In the context
of disorders affecting the hematopoietic system, patient-derived
cells can be treated ex vivo with engineered gene vectors designed
to deliver the therapeutic gene. Except in those diseases associ-
ated with a strong selective advantage of the gene-modified cells,
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a preparatory “conditioning” by cytoreductive treatment may be
required to promote engraftment.

Stable gene transfer, and therefore long-term genetic modifica-
tion, is achieved by gene vectors, which integrate their genetic
material and the therapeutic gene respectively into the chromatin
of the target cells. Unlike classical pharmaceutical drug treatment,
gene therapy is an approach highly specific to the patient and the
disease. Parameters like cell source and origin, vector type, thera-
peutic dose, route of administration and, in particular, the trans-



gene itself have to be adapted to each specific approach and me-
dicinal purpose. For example, between 1989 and 2009 there were
1537 clinical gene therapy trials approved employing 35 different
vector types (predominantly derived from Adenovirus, Retrovirus
or naked DNA) in more than 8 different fields of medicine (pre-
dominantly cancer) (http://www.wiley.co.uk/genetherapy/clini-
cal/). The consequence of the diversity of the products is a chal-
lenge for legal regulation, which should normally be universally
valid while giving specific guidance to certain therapies in order
to guarantee the safety and efficacy of the individual products.

While a gene therapy approach allows for the desired efficient
long-term correction of a genetic defect on the one hand, it also
brings up the concern of side effects on the other. The most
noted example has been the clinical gene therapy trial for treat-
ment of the rare genetic disorder X-linked severe combined im-
munodeficiency (X-SCID). While the majority of treated patients
benefited from a life-saving and long-term immune recon-
stitution, the occurrence of lymphoproliferative disease due
to insertional mutagenesis in 5 patients to date has gained
notoriety [1,2]. Integration site analysis revealed vector inte-
grations close to cellular proto-oncogenes such as the LMO2
gene, known to be activated by chromosomal translocations in
T-lymphoblastic leukemia [3,4]. These severe adverse events
made the theoretical concerns a reality. Additional concerns
related to immunogenicity, spread of genetic sequences or toxic
and infectious byproducts of vector preparations cause many gene
therapy products to be classified as high-risk products that need to
be strongly regulated by the authorities. This poses a tremendous
challenge, since regulation can only be defined in general terms
and an all-in-one document suitable for every purpose and indi-
vidual need of a product cannot be established. To overcome this
dilemma, case-by-case considerations are indicated.

Since researchers who invent the individual product initiate many
clinical gene therapy trials, this review targets those investigators
planning to enter the clinical development phase and initiating a
clinical trial. It will clarify the complex situation and will give
an overview of the current regulatory status as well as important
points to consider before applying for a clinical trial authoriza-
tion. This review involves preclinical and clinical issues as well as
references to the necessary documents to be prepared.

Viral gene transfer and its associated risks

The regulatory framework should define uniform requirements in
order to ensure compliance with quality standards and therefore
guarantee the safety and well being of trial participants. In consi-
deration of the major risks accompanied by viral gene transfer, it
becomes clear that a thorough and complex regulatory framework
is needed to control these biological products. As indicated above,
the complexity of the individual product itself accounts for the
necessity for evaluation of the risks and benefits of a certain gene
therapy application on a case-by-case basis.

Integrating replication-defective vectors based on gamma-retrovi-
ruses have been frequently used in initial gene therapy protocols,
and their risks will therefore be discussed as an example. Target
cells are transduced in most cases ex vivo with the viral vector
preparation. Shortly after entry of the retroviral particles, the viral
RNA carrying the transgene of choice is reverse-transcribed into

dsDNA, and a preintegration complex (PIC) is formed in which
the DNA is associated with retroviral and cellular proteins (Figu-
re 1). After translocation to the nucleus, the retroviral DNA inclu-
ding the transgene is stably integrated into the chromosomal DNA
by the viral protein integrase.
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Figure 1. The retroviral life cycle (reproduced with permission from the
Journal Molecular Therapy (Nature Publishing Group); adapted from [5])

The integration of the transgene makes the desired correction of
the genetic defect possible in the first place, not only in the trans-
duced cell but also in its progeny. However, at the same time it
forms the basis of one of the major safety concerns of integra-
ting retroviral vectors: insertional mutagenesis. The process
of integration is highly efficient but occurs in a semi-random
manner with respect to the targeted genetic loci. Although gam-
ma-retroviral integration tends to occur preferentially in open
chromatin regions, which is associated with actively transcribed
genes [6], it does not favor a specific target sequence. Therefore,
insertion of the transgene in a non-predictable unspecific way
may lead to activation, inactivation or truncation of cellular ge-
nes adjacent to the site of integration. Cellular proto-oncogenes
might be placed under control of the viral enhancer/promoter
elements resulting in a non-physiological expression of the re-
spective gene with loss of cellular regulation. The tumorigenic
risk associated with such an event appears to be highly context
dependent. Available evidence suggests that additional mutati-
ons are required before cells transform to overt malignancy [7].

The concern of genotoxicity especially affects the first generati-
on of retroviral-based gene transfer vectors in which the transge-
ne is driven by the strong long terminal repeat (LTR) enhancer/
promoter elements of the virus. New strategies in vector design
with reduced potential for enhancer-mediated interaction with
adjacent cellular genes may decrease the risk of genotoxicity,
e.g., the use of self-inactivating (SIN) vectors [8], the incorpo-
ration of cellular promoters [9], the use of chromatin insulators
[10], or the use of lentivirus-based vectors, which have a lower
likelihood of integration in promoter-proximal or other regulato-
ry gene regions [11]. In all circumstances, the genotoxic potenti-
al of a given vector designed for clinical use needs to be
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Nomenclature

Title and basic content

EMEA/CHMP/410869/06 Guideline on human cell-based me-
dicinal products
CPMP/BWP/3088/99 EU note for guidance on the quality,

preclinical, and clinical aspects of
gene transfer medicinal products

EMEA/CHMP/GTWP/405681/06

Concept paper on the development
of a guideline on the quality, preclini-
cal and clinical aspects of medicinal
products containing genetically mo-
dified cells

CPMP/BWP/2458/03

Guideline on development and ma-
nufacture of lentiviral vectors

EMEA/CHMP/GTWP/125459/06

Guideline on the non-clinical studies
required before first clinical use of
gene therapy medicinal products

EMEA/CHMP/GTWP/125491/06

Guideline on scientific requirements
for the environmental risk assess-
ment of gene therapy medicinal pro-
ducts

EMEA/CHMP/BWP/473191/06-
corr

Guideline on environmental risk as-
sessments for medicinal products
consisting of, or containing, geneti-
cally modified organisms

EMEA/CHMP/BWP/135148/04

Guideline on environmental risk as-
sessments for medicinal products
containing, or consisting of, geneti-
cally modified organisms

EMEA/273974/05

Guideline on non-clinical testing for
inadvertent germline transmission of
gene transfer vectors

ICH Considerations

General principles to address the risk
of inadvertent germline integration of
gene therapy vectors

CPMP/ICH/174/95

Note for guidance on genotoxicity: A
standard battery for genotoxicity te-
sting of pharmaceuticals

EMEA/CHMP/GTWP/60436/07

Guideline on follow-up of patients
administered with gene therapy me-
dicinal products

EMEA/149995/08

Guideline on safety and efficacy fol-
low-up — risk management of advan-
ced therapy medicinal products

Table 1. Applicable guidelines
addressing GTMPs

clinically assessed and evaluated.

In order to assess the risk of RCR formati-
on, investigators should evaluate the pres-
ence of homologous sequences suitable for

bination in th Gene Somatic Cell Tissue
recombination in the vector constructs, as Definition of GTMP: | . Therapy Therapy Engitisaied
well as the presence of endogenous viruses 2001/83/EC Medicinal Medicinal Product
in the packaging cells. If possible, such se- Annex | Part IV Product Product
quences should be avoided or at least limi- l
ted. Nevertheless, strict testing for the pre- \
sence of RCR in retroviral vector batches - _ 30 December 2008
. .. .. . In revision to adapt it to -
intended for clinical application is required. specific characteristics | ‘ATMP Regulation’

of ATMPs 1394/2007

Another major concern of viral gene trans-
fer is vertical germ line transmission. In

general, gene therapy trials with the aim of direct germ line ma-
nipulation are prohibited [28]. Nevertheless, also in somatic gene
therapy the concern of inadvertent germ line integration exists
and gained new attention when semen of clinical trial participants
for treatment of hemophilia tested positive for vector sequences
[13,14]. Although this does not necessarily imply that vector se-
quences were present in germ cells, this observation underlines
the need for diligent biodistribution studies. The risk of germline
transmission is in particular dependent on the biodistribution pat-
tern of a given vector. In this regard, the route of administration,
vector type and dose, and the innate and adapted immunity of
the patient play pivotal roles. A replication deficient integrating
vector used for ex vivo transduction of the target cell might have
a much lower risk than the same vector applied systemically in an
in vivo application. At the same time, a gamma-retroviral vector
which can only transduce dividing cells might have a lower risk in
transducing mature sperm cells than a lentiviral vector, which has
the ability to also infect non-dividing cells. Still, spermatogonial
stem cells that have a high proliferation activity might be acces-
sible for gamma-retroviral vectors. Therefore, regulatory agencies
have developed guidelines describing how to address the risk of
inadvertent germ line transmission in preclinical studies (see be-
low and Table 1).

Regulatory framework for Gene Therapy Medicinal Products

Currently, the regulatory situation for Gene Therapy Medicinal
Products (GTMPs) is evolving rapidly on the European level. The
new core regulation (EC) No 1394/2007 on Advanced Therapy
Medicinal Products (ATMPs), which became effective in Decem-
ber 2008 (from here on referred to as ‘ATMP regulation’), lays the
foundation for a harmonized regulatory situation applicable for all
member states in the European Communion. According to Article
2 of this regulation, GTMPs together with Somatic Cell Therapy
Medicinal Products and Tissue Engineered Products are classified
as ATMPs (Figure 2). Until incorporation of this regulation, these
products fell in a regulatory gap somewhere in between legisla-
tion 93/42/EEC on Medical Devices and Directive 2001/83/EC
on Medicinal Products. The new ‘ATMP regulation’ fills this gap
and ,,lays down specific rules concerning the authorization, super-
vision and pharmacovigilance of Advanced Therapy Medicinal

Products” [50, Article 1].

Figure 2: Definition of Advanced Therapy Medicinal Products
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Figure 2. Definition of Advanced Therapy Medicinal Products
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For the definition of a GTMP itself, the regulation refers to
Annex I Part IV of Directive 2001/83/EC, as amended by Direc-
tive 2003/63/EC, which states: “For the purposes of this Annex,
Gene Therapy Medicinal Product shall mean a product obtained
through a set of manufacturing processes aimed at the transfer, to
be performed either in vivo or ex vivo, of a prophylactic, diagno-
stic or therapeutic gene (i.e. a piece of nucleic acid), to human/
animal cells and its subsequent expression in vivo.” Within the
implementation of the ‘ATMP regulation’, this annex is currently
under revision in order to adjust it to the specific characteristics of
ATMPs (Figure 2). There is no draft version currently available,
but the outcome of the public consultation paper as well as sin-
gle contributions can be found on the webpage of the European
Commission.

On the national German level, GTMPs are similarly defined as
Medicinal Products in the Medicinal Products Act (“AMG”), Sec-
tion 4 No. 9, [48]. Within the 15th amendment of the Medicinal
Products Act, the new ATMP regulation will be implemented into
national German law. Though a regulation, the translation into na-
tional law is necessary because the ‘ATMP regulation’ amends
Directive 2001/83/EC.

GTMPs are often very complex products that may contain other
components that are regulated by additional legislation. The
GTMP may for instance contain human cells or tissues. Regarding
the quality and safety for the donation, procurement and testing
of these cells or tissues, Directive 2004/23/EC as implemented by
Directive 2006/17/EC applies (Figure 3A). Directive 2004/23 EC
is already transposed into national law by the German Tissue Act
(“Gewebegesetz”). The processing, preservation, storage and dis-
tribution of these cells and tissues, however, fall under Section
14 of the ‘ATMP regulation’. When the GTMP also contains hu-
man blood or blood components, Directive 2002/98/EC as imple-
mented by Directives 2004/33/EC, 2005/61/EC and 2005/62 EC
applies (Figure 3B). On the German level, these aspects are
addressed in the Medicinal Products Act and Transfusion Law.

In addition, the GTMP may be a combination product consistent
of a Medicinal Product and Medical Device. This would, for in-
stance, be the case if the gene-modified cells are applied to the
patient via a specific biodelivery implant. Whether the regulatory
rules and standards of Medicinal Products or of Medical Devices
apply to combination products generally depends on their mode
of action. Nevertheless, if ATMPs (and therefore GTMPs) are
incorporated into a combination product, the ‘ATMP regulation’
applies regardless of the function of the Medical Device [50, Sec-
tion 4]. However, the latter have to furthermore fulfill the quality
and safety requirements of Directive 93/42/EEC (in case of a Me-
dical Device) and accordingly Directive 90/385/EEC (in case of
an active implantable Medical Device) as amended by Directive
2007/47/EC (Figure 3C). On the German level, both directives are
implemented by the German Act on Medical Devices (“MPG”).

For clinical trials involving GTMPs, the overall requirements
and ethical standards of the Clinical Trial Directive 2001/20 EC
apply as well as for all other medicinal products (Figure 3D). In
Germany, this directive is translated into national law by the GCP
Ordinance (“GCP-Verordnung”). Furthermore, the German Medi-
cinal Products Act applies, in particular concerning clinical trials
in Chapter 6, together with the general considerations for clinical

trials laid down in ICH ES8 Step 5 [27]. Within the scope of the
implementation of the ‘ATMP regulation’, the standards of good
clinical practices shall be expanded to the specific needs of AT-
MPs [50, Article 4]. The adaption process is currently proceeding.
A public consultation paper is already published on the European
Commission webpage. The public consultation process has been
closed so that a draft document on good clinical practice specific
for ATMPs is expected to be published soon.

In Germany, the competent authority concerning clinical trial
authorization related to GTMPs is the Paul-Ehrlich-Institute
(PEI). General principles for requesting the authorization of a cli-
nical trial in Germany are laid down in the third Notification of the
joint announcement from PEI and the Federal Institute for Drugs
and Medical Devices (BfArM) (third Notification).

In Germany there are some particularities for GTMPs compared
to conventional medicinal products. While for example the ethics
committee has to give an opinion within 60 days after a clinical
trial application (multicentric trial) for conventional medicinal
products, the time period extends up to 180 days if GTMPs are
concerned [44, Section 8(4)]. Furthermore, the competent autho-
rity has to provide a written approval (explicit authorization) for
clinical trials concerning GTMPs within 90 days after comple-
te clinical trial application. This period may be extended to 180
days if the authority consults experts or professional opinions for
decision-making [44, Section 9(4)].

The manufacture of GTMPs needs to be consistent with the
requirements of Directive 2003/94/EC on Good Manufacturing
Practice (“GMP*) (Figure 3E). Due to the complexity of ATMPs
(and GTMPs) and the extensive manufacturing processes, the
‘ATMP regulation’ implicates an adaption of the guidelines for
GMP to the specific situation of ATMPs [50, Article 5].

Currently, a draft version of the adapted Eudralex Volume 4 Annex
2 on the manufacture of biological medicinal products is published.
Furthermore, the European Pharmacopoeia serves as a legally
binding framework for quality standards of medicinal products in
Europe [43]. The General Chapter 5.14, which deals with GTMPs,
gives instructions for the testing of batches of recombinant vec-
tors and gene-modified cells. In Germany, good manufacturing
practice is regulated in the ordinance for the manufacture of medi-
cinal products and active pharmaceutical ingredients (AMWHYV).

There are in addition various guidelines published addressing
manufacturing and quality aspects during the development of
ATMPs (Table 1). One is the multidisciplinary “Guideline on hu-
man Cell-Based Medicinal Products” of the European Medicines
Agency (EMEA) [35], which gives advice for the “development,
manufacturing and quality control as well as non-clinical and cli-
nical development of Cell-Based Medicinal Products” which also
include GTMPs. The guideline is aimed at products already in the
phase of marketing authorization but the general considerations
also apply for clinical trials. The EMEA “Note for guidance on
the quality, preclinical and clinical aspects of Gene Transfer Me-
dicinal Products” [25] gives recommendations for producing data
aiming at an application for marketing authorization. Affiliated is
the “Concept paper on the development of a guideline on the qua-
lity, preclinical and clinical aspects of medicinal products contai-
ning genetically modified cells” by EMEA [40]. If the GTMP was
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Europe

5 Germany

A M GTMP + human tissue and/or cells

‘ATMP Regulation’
1394/2007
4 '
new: quality and safety of processing,
preservation, storage, distribution

Directive 2004/23/EC

Standards for quality and safety for the donation,
procurement, testing, processing, preservation,

storage and distribution of human tissues and cells

only: quality and safety for the donation,
procurement, testing
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German Tissue Act
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B M GTMP + human blood and/or blood components

‘ATMP Regulation* .
1394/2007

Directive 2002/98/EC

Standards for quality and safety for the collection,
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Q

Medicinal Products Act

Transfusion Law

C M GTMP + Medical Device

Directive 93/42/EEC

concerning Medical Devices
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Figure 3. Regulatory framework for Gene Therapy Medicinal Products
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generated with the help of lentiviral vectors, the EMEA “Guide-
line on development and manufacture of lentiviral vectors” gives
advice regarding quality and safety of the vectors [24].

Importantly, the specific safety aspects related to GTMPs have to
be considered and analyzed before the products can be used in the
clinic. The EMEA “Guideline on the non-clinical studies required
before first clinical use of Gene Therapy Medicinal Products” [38]
specifies which studies are essential prior to the first application
to humans. This includes but is not limited to non-clinical proof
of concept studies, biodistribution studies, as well as studies on
dose finding, germ line transmission, immunotoxicity and studies
addressing the environmental risks/shedding. Specific recom-
mendations for the later are defined in the EMEA “Guideline on
scientific requirements for the environmental risk assessment of
Gene Therapy Medicinal Products” [39]. This guideline states:
,Generally the purpose of clinical trials are to study the adsorpti-
on, distribution, metabolism and excretion of one or more Inve-
stigational Medicinal Products with the object of ascertaining its
(their) safety and/or efficacy ([28]; definition of a clinical trial). As
such the evaluation of vector shedding is a requirement for a pha-
se I study.” Data of clinical trials regarding environmental risks
need to be collected and integrated in a full environmental risk as-
sessment (ERA) needed for a marketing authorization procedure.
Other guidelines dealing with environmental risk assessments of
genetically modified organisms are EMEA/BWP/473191/06-corr
and EMEA/CHMP/BWP/135148/04.

Furthermore, in terms of studies addressing the risk and ethi-
cal concerns of inadvertent germline transmission, separa-
te guidelines are available. The EMEA “Guideline on non-
clinical testing for inadvertent germline transmission of gene
transfer vectors” [34] recommends adjusted study designs
depending on the type of vector used, as well as providing a
decision tree regarding the necessary questions to be addressed
by biodistribution and germ line transmission studies. Also
a considerations paper of the International Conference On
Harmonization Of Technical Requirements For Registration Of
Pharmaceuticals For Human Use (ICH) is available on this topic
and can be consulted in this regard (ICH considerations, general
principles to address the risk of inadvertent germline integrati-
on of gene therapy vectors). The ICH S2B document “Note for
guidance on genotoxicity” [26], however, gives recommendations
for studies to address the risk of genotoxicity and can give advice
in these questions.

If patients have been treated with a gene therapy approach in a cli-
nical trial, clinical monitoring as well as intensive follow-up care
should be performed in order to detect adverse events at an ear-
ly stage to avoid clinical implications and to collect safety data.
The “Guideline on follow-up of patients administered with Gene
Therapy Medicinal Products” [41] gives recommendations in this
regard.

Regulation (EC) No 726/2004 already regulates the marketing
authorization procedure of biotechnology medicinal products on
the European level. In this context, the products pass through
a centralized authorization procedure at the EMEA in order to
assess their quality, safety and efficacy. The technical require-
ments needed to prove the latter are defined in Annex I to Direc-
tive 2001/83/EC.

Nevertheless, the complexity and variety of ATMPs may result
in a situation of very specific and individual questions to be
addressed. Within the scope of the ‘ATMP regulation’, the Com-
mittee for Advanced Therapies (CAT) will be established within
the EMEA in order to provide strong expertise in this field and
exhibit draft opinions on ATMP applications presented to EMEA
[50, Chapter 7]. Therefore, Regulation (EC) No 726/2004 needs
to be amended. Currently, the CAT is in the process of establish-
ment within the EMEA. Updated details can be found on the re-
spective webpage of EMEA. Within the context of a marketing
authorization, the standards for pharmacovigilance described in
Regulation 726/2004 apply. Since clinical trials are typically po-
wered for efficacy and furthermore the duration of the respective
trials might not allow the detection of long term adverse events,
the application has to provide a plan to ensure the follow-up of
adverse reactions after marketing authorization. A specific EMEA
guideline giving further recommendations on “Safety and Efficacy
Follow-Up — Risk management of Advanced Therapy Medicinal
Products” is already published [33]. Another measure of safety is
the full traceability of the product (including the starting materi-
als) and the treated patient. According to the ‘ATMP regulation’,
the marketing authorization holder for an ATMP is responsible for
setting up a traceability system [50, Article 15]. If human tissues
or cells are involved, the traceability standards defined in Direc-
tive 2004/23/EC also apply, as do the requirements of Directive
2002/98/EC concerning human blood and blood components, re-
spectively.

Finally, it should be noted that both the European agency EMEA
and the German agency PEI (in charge of ATMPs) provide sci-
entific advice. Investigators are welcome to consult the agencies
in all phases of project development in order to obtain important
project-specific advice, e.g., before applying for a clinical trial or
marketing authorization. Details can be found on the webpages of
EMEA or PEI, respectively.

Outlook

Application of new technologies of gene therapy to the treatment
of diseases will yield the greatest benefits if approached on a
sound scientific and medical basis. Regulatory guidelines are the
basis of (i) current scientific knowledge, (ii) scientific expertise in
a given research area, and (iii) the result of a continuous interac-
tion between researchers and regulatory experts. Gene therapy has
entered the stage of clinical evaluation. As always at the frontier
of bench to bedside research, patient safety must be the first and
foremost consideration in human gene therapy before one enters
the stage of extensive clinical trials to assess efficacy.
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T'eMmonosTHYeckasi reHHAS Tepanus mMocpeacTBOM PeTPOBHPYCOB:
eBporleﬁucaﬂ MEePCINEeKTUBA peryjiupoBaHnus ¢ 0c00BbIM yueToM cuTyaluu B l"epmamm

Benskens K., Jlropmann A., baym K., ¢pon nep Jlgiten X.0.
Pesrome

I'ennas Tepamms mpegHa3HAYEHA IS JICUCHUS TCHETHYECKHX JE(PEKTOB ITyTeM BBEIACHUS KOPPUTHPOBAHHON KOIHH
MyTaHTHOTO reHa. OHaKo, B OTIIMYHE OT KJIACCHYECKOTO JICKAPCTBEHHOTO JICUCHN S, TEHHASI TEPAITHS SBIISIETCS TIOIXO/IOM,
BBICOKOCTICIIM(PUIHBIM B OTHOLICHUH OOJNBHOTO ¥ 3a00J7€BaHUSA. TpaHCTeH KaK TaKOBOW JOJKEH OBITH aJanTHPOBAH K
KaxaoMy cnenupuaeckoMy noaxony u mMexunuackor nenn. C 1989 mo 2009 rr. Obuti ono6pens! 1537 KIMHUYIECKIX
WCTIBITAHUN B 001aCTH TE€HHOW Teparuy ¢ MPUMEHEHUEM 35 pa3IMuHbIX TUIIOB BEKTOPOB. Kpome Toro, ¢ OTHO# CTOPOHHI,
TEHHO-TEPANIeBTUYECKHH ITOIXO0/] TO3BOJIAET OCTHYb 3()h(HEKTUBHOH JOITOCPOUIHON KOPPEKIINH TEHETUIECKOTO e(eKTa,
a ¢ Ipyroil CTOPOHBI — HECET OMACHOCTh MOOOYHBIX 3P PEeKTOB. P paboT 1o JeUeHHUIO TSHKEIOT0 KOMOMHIPOBAHHOTO
UMMYHOC(PHIINTA, CIIETTICHHOTO C X-XPOMOCOMOI1, TOKa3aJl pa3BUTHE Y HECKOJIBKUX OONBHBIX TUM(OIPOTH(PEpaTUBHBIX
3a007IeBaHNIl B CBSA3M C WHCEPLUHMOHHBIM MyTareHe3oM. Takue moOodHbIe (PQEKTH, HApSAY ¢ MMMYHOT'€HHOCTBIO,
nepefadeii TeHEeTHYECKUX IIOCIEOBAaTEIBbHOCTEH, a TakKe TOKCHYHBIX M HH(EKIMOHHBIX MOOOYHBIX TNPOAYKTOB,
CBSI3aHHBIX C MIPUTOTOBICHHEM BEKTOpA, JIEJAeT HEOOXOAMMOM CTPOTrOe PEeTyINpOBaHUE MX MPUMEHEHHUS CO CTOPOHBI
BiacTeil. COOTBETCTBYIOIINE ITPaBHJIa MOTYT OBITH OINPEICNCHBI JHUIIb B OOMNX MOHATHIX, U HEIb3S CO3/1aTh CIUHBIN
JIOKYMEHT, IPUTOAHBIH /I KOHKPETHOW e ¥ MHAWBUAYAIBHOTO MCIIONB30BAHMUS KaKIOTO MPOAYKTA.

BcerpanBatommecs BEKTOPHI, JeEKTHBIE 10 PETTMKAIIMOHHBIM CBOMICTBaM, OCHOBAHHBIE Ha TaAMMa-PETPOBUPYCAX, HACTO
MIPUMEHSUTUCH B HCXOAHBIX MPOTOKOJIAX TeHHOH Tepanuy, U X OMACHOCTh MOXKET 00CYXIaThcs B Ka4eCTBE MPHUMEPA,
B YaCTHOCTH, WHCEPIIMOHHBII MyTareHe3, KOTOPBIf BOSHUKACT BO MHOTOM H3-3a CIIy4aifHOTO XapaKTepa BCTPAMBAHUS
BHpYyCa M0 OTHOMICHHUIO K [IEJIEBBIM TeHHBIM JIOKycaMm. Kpome Toro, MOryT OBITh BEI3BaHBI H TEHOTOKCHUECKHE () (HEKTHI,
B OCHOBHOM CBSI3aHHBIC C TU3PETYISAUCH aKTUBHOCTH HOPMAJIBHBIX TEHOB TP BBEICHUH PETYIATOPHBIX JIEMCHTOB B
coctase BekTopa. Jpyroit KpymHoil mpobi1eMoil BUPYCHOTO MEPEHOCa TEHOB SBIACTCS UX «BEPTUKAIBHBIN» MEPEHOC B
3apOIBIIIEBEIX KICTOYHBIX JHHUAX, B YACTHOCTH, Yepe3 Mponu(epupyronye CrepMaToroHHaIbHbIC KIETKH, KOTOPhIe
MOTYT OBITh MUIIICHBIO TSI FTAMMa-PETPOBHPYCHBIX BEKTOPOB.

Jis Toro, 9TOOB! YIIPEAUTh 3T OMACHOCTH, PEryIUPYIONas CHCTeMa JI0JDKHA YTOYHUTH €AMHOO0Opa3HbIe TpeOOBaHUS
JUTS TOTO, YTOOBI 00ECTIEYNTh COOTBETCTBHUS MEXK/y CTAaHAAPTAMHU KaueCcTBa M, TEM CaMbIM, TapaHTHPOBATh 0€301TaCHOCTh
YYaCTHHUKOB HCIIBITaHUS. J[aHHAS cTaThd CyMMHUpYET HanOoJee BaKHBIC PEryIHPYIONIIe TOKYMEHTHI, KOTOPBIE CIIEAYeT
YYUTBIBATh A0 BXOKICHHA B (pa3y KIMHIHYECKOH pa3pabOTKH — HEe TOIBKO JUTst | epMaHum, HO M B €BPOTICHCKO TEPCIICKTHBE.
IIpuBomATCS CCHUTKM HAa TPUMEHHMBIC JJIS 3TOTO PYKOBOISIIME YKa3aHUS B OTHOIICHWH TEHHO-TEPANEBTHUYECKUX
MenuiHCKUX mpoaykToB (I'TMIT), ¢ cOOTBETCTBYIONMMH OTIPEISICHUSAMHI ISl TAKHX TMPOIYKTOB.

[IpouszBoacTBo I'TMIT nmomkHO cormnacoBbiBarbes ¢ TpeOoBanmsmu JlupexktuBsl EBpomneiickoro Coroza 2003/94/
EC o xauectBenHo# npaktuke mpousBoactsa (GMP). B I'epmannu sta mpakTtuka perymupyercs llpeanucanusaMu mo
MIPOM3BOICTBY MEIUIIMHCKHUX MPOAYKTOB M aKTUBHBIX (papmareBTHUecKuX HHrpeaneHToB (AMWHY). BaxHo, 9T005BI
ocoOble acrnekTbl Oe3onacHocT B oTHOImeHUH [ TMIT yuuThIBaNnuCh 10 UCMOIB30BAHUS ITHX MPOIYKTOB B KIMHHKE.
B moboMm ciyuae, peryaupyrone yKka3aHus UMEIOT B cBoel ocHoBe: (1) nmeromuecss Hay9HbIe 3HAHUS, (2) HaydHBIN
OMBIT B JJAHHOW OOJIACTH HCCIIENOBAHMM, U OHH BO3HUKAIOT B PE3yJbTare IMOCTOSHHOTO B3aHMMOICHCTBHUS MEXKIY
MCCJICZIOBATEIISIMU M OKCIIEPTaMU B 00JIACTH PETYJIUPOBaHHS.

KiroueBble cioBa: reHHas Ttepamus, MoOO4YHBIE 3(QQEKTH, PETyTHPYIONIas CHCTEeMa, KIMHUYECKHE HCIBITAHMUSA,
peTpoBHpyC
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