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Ladies and Gentlemen,
Clinical trials are obvious elements of work to implement new drugs,
vaccines and medical products. Due to the participation of patients,
clinical trials are not only restricted by many regulations, but also
associated with huge costs. The National Centre for Research and
Development (NCBR) allows to finance a part of these costs within
the framework of R&D conducted under the projects selected in many
of our programmes. To simplify making use of the possibilities offered
by the NCBR, we have prepared this publication which presents the
classification of the various phases of clinical trials in the context
of R&D. This study aims to facilitate our current beneficiaries
and potential new applicants a correct classification of research
conducted, both at the stage of carrying out the project as well
as while obtaining the funds. Information and examples described
in the publication can also support those of you who, while being
active in the science and economy communities, joined the Database
of Experts of the NCBR and participate in the review of applications
and project report evaluation in the areas of medicine and pharmacy.
Yours faithfully,

Prof. Krzysztof Jan Kurzydłowski
Director
National Centre for Research and Development
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Classification of research and development activities of pharmaceutical
and biopharmaceutical products
Small molecules
Basic research*
(fundamental
rese arch)

Applied research***
(industrial research)

Early development
phase****
(experimental
development)

Late development
phase (experimental
development)

Post approval
activities

*
**
****
***

Biologic products

Generics

Biosimilars

Search for new therapeutic
targets**

Search for new therapeutic
targets**

Library design, molecule
screening, preclinical research

Development of new
manufacturing process of active
substance based on innovative
Cloning of human genetic mate***** synthesis, tests
Research and preclinical
rial, cell banking, library design,
on polymorphic forms of active development of new
molecule screening, preclinical
substance leading to developbiosimilar product
research
ment of new pharmaceutical
form of known pharmaceutical
product

-

-

Development of new
formulation, new pharmaceutical form
of known pharmaceutical
product (active
substance),
bioequivalence studies

Development of new
formulation, new
pharmaceutical form of known
biological product and conduct
of clinical trials

Clinical trials of phase I to IIIa
(including phase 0)

Clinical trials of phase I to IIIa
(including phase 0)

Phase IIIb of clinical trials
(initiated after submission of
application for marketing
approval)

Phase IIIb of clinical trials
(initiated after submission of
application for marketing
approval)

-

Phase IIIb of clinical trials
(initiated after submission
of application for marketing
approval of biosimilar product)

Phase IV of clinical trials
Safety studies
Non-interventional studies

Phase IV of clinical trials
Safety studies
Non-interventional studies

Phase IV of clinical trials
Non-interventional studies

Phase IV of clinical trials
Safety studies
Non-interventional studies

in brackets classification based on “Community framework for state aid research and development and innovation” C 323/1, 30 Dec 2006.
search for new therapeutic target can also be pursued for commercial reasons – in that case studies should not be classified as basic, but rather applied research or even early development phase.
development of new method of preclinical tests for commercial purposes may also be classified as early development phase.
also including studies confirming validity of animal model of the disease developed solely for commercial purposes, experimental breeding of genetically modified laboratory animals serving
as animal model of a disease.
***** considering current development status of science and synthesis techniques.
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The above presented classification of activities related
to R&D process of pharmaceutical products is supposed
to provide guidance for applicants. Due to the very wide scope
of pharmaceutical research techniques it should not be considered as comprehensive and exhaustive list even if used
together with additional explanatory text. Whenever possible,
justification for inclusion of certain activities/tests into a defined category of research was based on decisions already
taken in by European Commission and referenced to specific
examples and explanations provided in the Frascati Manual on
the Measurement of Scientific and Technological Activities,
Proposed Standard Practice for Surveys on Research and
Experimental Development.
Frascati Manual defines subsequent stages of research
and development work as:
• Basic research - experimental or theoretical work undertaken primarily to acquire new knowledge of the underlying foundation of phenomena and observable facts, without any
particular application or use in view.
• Applied research - original investigation undertaken in order
to acquire new knowledge. It is, however, directed primarily
towards a specific practical aim or objective.
• Experimental development - systematic work, drawing
on existing knowledge gained from research and/or practical
experience, which is directed to producing new materials,
products or devices, to installing new processes, systems
and services, or to improving substantially those already produced or installed. R&D covers both formal R&D in R&D units
and informal or occasional R&D in other units.
The Manual also refers to Post approval activities related
to pharmaceutical and biotechnological development, stating

that “Before new drugs, vaccines or treatments can be
introduced on the market, they must be tested systematically
on human volunteers to ensure that they are both safe and
effective. These clinical trials are divided into four standard
phases, three of which take place before permission
to manufacture is accorded. For the purposes of international comparison, by convention, clinical trial phases 1, 2
and 3 can be treated as R&D. Phase 4 clinical trials, which
continue testing the drug or treatment after approval and
manufacture, should only be treated as R&D if they bring
about a further scientific or technological advance.”
Additional development after product marketing application
approval.
In some cases original (small molecule or biologic) product as
well as generics and biosimilars might be the subjects
of additional development activities aiming on advance
of additional indication(s), especially in rare diseases. Those
activities might be undertaken by pharmaceutical industry
or non-commercial sponsors (like funds, medical or healthcare institutions, universities). Depending on the nuances
of this endeavour, performed research might be categorized
as early development or late development phase.

10

1. Small Molecules
As small molecules are defined chemical entities with molecular weight <800 Daltons, that may serve as regulator of biological processes or enzyme substrate. They usually bind
to a biopolymer such as protein, nucleic acid, or polysaccharide and acts as an effector (agonist or antagonist) altering the
activity or function of the biopolymer.
1.1 BASIC RESEARCH
1.1.1 Search for new therapeutic targets
The initial step in the process of development of innovative
pharmaceutical products is usually related to understanding
of disease process and mechanism to control or eliminate this
malfunction. It is often done by multitude discoveries in the
field of anatomy, physiology, biochemistry and pathology.
The process of R&D of new drug is regularly predeceased
by discovery of new receptor type or subtype, new enzyme
or new metabolic path involved in pathogenesis of particular
disease. Break-through publications in scientific journals are
opening the field for discovery of new drugs by forming new
therapeutic targets. An example of such target could be discovery of fatty acid receptors as potential target for anti-diabetic drugs, CB2 receptors as potential target for products used
in liver diseases or apoptosis proteins and chemokine receptors as targets for anti-cancer treatments. Such activities are
classified here as basic research.
This is supported by the case of “State aid NN 65/2007 – Austria for Ludwig Boltzmann Institut für Krebsforschung” where European Commission considered the three below
mentioned specific research activities as fulfilling the definition of basic research:

- setting up a model of cancer of the liver – combining two
oncogenes with the deprivation of a tumour-suppression
gene;
- establishing mouse-models for two different form of childcancer and developing new strategies for combination
therapies in pre-clinical studies, in cooperation with
a hospital facility;
- setting up a model for prostate-cancer while applying a new
image analyse based diagnostic method, as well as tumour
vaccination strategies.
This decision might have been different if applicant had
undertaken search for new therapeutic target entirely for
commercial reasons – in that case studies should not be classified as basic, but rather applied research or even early development phase. For example company called Myriad Genetics
has developed a test based on BRCA1 and BRCA2 genes that
exist in human body, but with the use of its isolated and modified version. Mutations in those genes can dramatically increase a woman’s chance of developing breast or ovarian cancer.
Thanks to its patents, Myriad had a monopoly on the diagnostic tests that were looking for such mutations. On June 13,
2013, in case Association for Molecular Pathology v. Myriad
Genetics (No. 12-398), the US Supreme Court unanimously ruled that „A naturally occurring DNA segment is a product
of nature and not patent eligible merely because it has been
isolated”, invalidating Myriad’s patents on the BRCA1 and
BRCA2 genes. However, the Court also held that manipulation
of a gene to create something not found in nature - such
as a strand of synthetically-produced complementary DNA
(cDNA) - could still be eligible for patent protection.
Research activities related to understanding of disease
pathogenesis and subsequent development of tests for
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commercial purposes should not be classified as basic research.
This should also apply to development of companion diagnostics that may be combined with early phases of pharmaceutical research and development. As they have the potential
to be used independently from the associated pharmaceutical
product the development of diagnostic tests that help
to identify subpopulation of patients benefiting from treatment with particular product should also be considered as
commercial purpose.
1.2 APPLIED RESEARCH
Based on discoveries of basic research scientists from pharmaceutical industry or academia precede with research
leading to drug discovery and screening. This usually includes
processes of:
- Drug discovery and laboratory research,
- Pharmaceutical development,
- Preclinical research.
They are classified here as applied research.
In Commission decision of 26 November 2003 “State aid
C 8/2003 Italy” development of new chemical synthesis processes for oral pharmaceutical forms of polypeptides and conjugated substances subdivided into a number of detailed
stages or ‘steps’ each of which characterised by a specific
scientific content:
step 1: definition (at laboratory level) of the processes of chemical synthesis of small molecules, polypeptides and conjugated substances for the preparation of active ingredients
destined for preclinical testing,
step 2: development of a production process for the fractions

destined for clinical testing of Phase I,
step 3: experimental verification and validation of the semi-quantitative method and preparation of the pharmaceutical forms for both the stability test and clinical
testing,
step 4: definition and development of analytical methods
for the qualitative and quantitative definition of the reaction intermediaries, active ingredients, degradation products and contaminants, and of the oral pharmaceutical
forms,
step 5: preclinical tests on laboratory animals, such as rodents and dogs (toxicology and pharmacokinetics),
have been considered as preclinical testing complying with
the provisions laid down in the Community framework for
State aid for research and development, and in particular
the second indent (industrial research = in this classification named applied research),
step 6: clinical tests on healthy patients (Phase I): evaluation of the effectiveness, collateral effects and therapeutic properties has been considered as pre-competitive
development activities = in this classification named early
(experimental) development phase.
In case State aid N 405/2007 (The Netherlands). Bioterials
stages of research including:
1) inventorying relevant literature and practical problems,
2) systematic analysis and partial analysis,
3) multidisciplinary brainstorming,
4) specification of possible solutions; development of new
concepts (including ‚molecular engineering’),
5) verification of the solution against the analysis,
6) development of the solution towards a functioning concept.
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leading to the conduct of animal model studies have been
defined unequivocally as industrial research, in this classification
named as applied research.
Additional detailed examples of applied research in development of small molecule pharmaceutical product are listed
below:
1.2.1 Drug discovery and laboratory research may include, but
not be limited to:
- in silico structure based drug design and virtual screening
methods,
- use of combinatorial chemistry and other methods used
to build library of products (library design),
- structure determination by crystallographic, mass spectroscopic, NMR or other visualisation methods,
- random screening of existing substance (of natural origin
or from existing libraries of synthetic products) against therapeutic targets by low-throughput random screening
or high-throughput screening,
- analytical development of candidate molecules,
- chemical stability testing for pharmaceutical substance,
- physiochemical properties testing,
- chiral assessment,
- excipient compatibility testing.
1.2.2 Pharmaceutical development
Examples of pharmaceutical development activities include:
- product formulation for the designed pharmaceutical form
and route of administration in human,
- stability testing of final product,

- scale up and manufacturing in accordance with Good Manufacturing Practice.
1.2.3 Preclinical research
In preclinical research important feasibility, iterative testing
and drug safety data is collected in animal studies. The main
goals of pre-clinical studies are to determine a product’s ultimate safety profile.
1.2.3.1 Efficacy studies – different tests conducted in order
to confirm the pharmacological and clinical efficacy of Investigative Product on animal model of disease.
1.2.3.2 Safety pharmacology studies including core battery
of safety pharmacology (tests aiming to identify adverse reactions from CNS, cardiovascular and respiratory systems).
Central Nervous System
Functional observation studies on motor activity, behavioural
changes, coordination and sensory/motor reflex typically performed as modified Irvin’s battery (observation of miosis,
piloerection, respiratory rate, lacrimation, salivation, vasodilation, diarrhoea and rectal temperature of dosed animals)
or Functional Observational Battery (home cage observations, handling observations, open field observations, reflex
and physiological measurements). Additionally an effect
on body temperature is measured.
Novel centrally acting drugs are usually tested for abuse
potential. Primate self-administration tests may be used
to asses this. Additionally an investigation of potential adverse events resulting from interactions with drugs likely to be
co-prescribed with the tested compound may also be required. Determination of effects on hepatic drug metabolising
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enzymes, may be sufficient, but a number of drug-specific interaction studies with concurrent dosing might be required.
Cardiovascular system
Tests include studies on the effect on the blood pressure, heart
rate and ECG in vivo and in vitro and/or ex vivo are done. The
most often used assay for blood pressure is in vivo measurement on rat tail. Other in vivo tests usually include larger animals (dogs) and telemetry. Ex vivo assay for heart rate is usually
done with isolated rabbit or rat heart in Langendorff setup.
Respiratory system
Simplest tests include observation of breathing frequency,
depth of breathing, and blood gases (haemoglobin level saturation by oxymetric measurement on rat’s tail). More complicated methods include tests on airway resistance (ex vivo
tests with trachea and bronchi rings), airway compliance
and tidal volume. They might be performed in vivo in pletysmography cages.
1.2.3.3 Pharmacokinetics – this typically includes preliminary studies on absorption, distribution, metabolism
and excretion. Usually start with development of a suitable
assay to enable the measurement of the concentration
of compound and possible metabolites in plasma and other
body fluids.
1.2.3.4 Toxicity studies - are usually divided into short term
acute toxicity studies and long term repeat-dose toxicity
studies.
1.2.3.4.1 Acute toxicity – single dose studies
Preliminary study performed to estimate the maximum nonlethal dosage (MNLD) for the use in definitive studies. It sho-

uld include two species by two routes of administration.
Definitive studies are performed to evaluate effects that may
result from acute exposure to the MNLD and predict effects of
overdose in man.
1.2.3.4.2 Repeat-dose toxicity
Tests are usually performed in 2 species (rodents and non-rodents). To support the conduct of single dose study in human
a minimum of 2 weeks of rodent study and a minimum
of 2 weeks non-rodent study should be performed. If there
is a plan to conduct a clinical study with repeated dose a minimum data to support the approval should include a 4 weeks
rodent study and a minimum of 2 weeks non-rodent study.
A Maximum Repeatable Dose study should be carried out
for each species by each route of administration. The dose
is increased every 3-4 days until significant toxicity occurs.
The aim of both types of studies is to determine the safety
profile of toxic effect, including target organ toxicity.
1.2.3.4.3 Genotoxicity
In the pharmaceutical industry, it is common to carry out
genotoxicity screening at early stage of drug development
programme. Usual test battery includes:
1) Ames test for gene mutation in bacteria – reverse mutation assay for gene mutation using strains of Salmonella
typhimurium (histidine dependence to independence)
and Escherichia coli (tryptophan dependence to independence),
2) in vitro test with cytogenetic evaluation of chromosomal
damage with mammalian cells or in vitro mouse lymphoma thymidine kinase assay,
3) in vivo test for chromosomal damage using rodent
haematopoietic cells.
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1.2.3.4.4 Reproductive toxicology studies
The 3 segments of reproductive toxicology studies:
1) pre-pregnancy (gametogenesis, fertilisation),
2) pregnancy (implantation, embryogenesis, foetal growth),
3) peri- and post-natal (parturition, post-natal adaptation,
development and aging).
1.2.3.4.5 Carcinogenicity studies
1.2.3.4.6 Juvenile toxicity studies
In some instances the entity pursuing the development
of pharmaceutical product is also developing a new method
of pre-clinical tests or a new animal model of the disease.
The classification of those activities is highly disputable
as depending on objectives they can be classified as:
- basic research – if developed method will become a publicly
available knowledge and will not be used by applicant
for the purpose of drug development,
- applied research – if method will be used for pushing development of investigative medicinal product into more
advance stage,
- development phase – if method will be patented and subsequently developed for commercial purposes.
1.3 EARLY DEVELOPMENT PHASE
The next step in development of pharmaceutical products consists of clinical trials conducted on human subjects. Trials involving new drugs are commonly classified into phases. Each
phase of the drug approval process is treated as a separate
clinical trial. The drug-development process will normally proceed through all phases over many years. If the drug successfully passes through Phases (0), I, II, IIIa it will usually be approved
by the regulatory authority for use in the defined population.

• Phase 0: First in Human miscodosing studies focused on
Pharmacokinetics,
• Phase I: Screening for safety, Pharmacodynamics and Pharmacokinetics,
• Phase II: Establishing the testing protocol,
• Phase III: Final testing.
Each phase has a different purpose and helps scientists answer a different question. It should be noted however that
development of pharmaceutical product is not always linear
and in case of some non-favourable results obtained in latter
phases there is a need to step back and perform additional
studies of earlier phases.
Clinical trials on healthy volunteers or patients are classified
here as early development phase.
This is supported by Commission decision “State aid N
126/2005 – Portugal” in which phase I to III of clinical tests has
been considered as pre-competitive development activities =
in this classification named early (experimental) development
phase.
Phase 0 is a recent designation for exploratory, first-in-human
trials conducted in accordance with the United States Food
and Drug Administration’s (FDA) 2006 Guidance
on Exploratory Investigational New Drug (IND) Studies. Phase
0 trials are designed to speed up the development of promising drugs or imaging agents by establishing very early
on whether the drug or agent behaves in human subjects
as was expected from preclinical studies. Distinctive features
of Phase 0 trials include the administration of single subtherapeutic doses of the study drug to a small number of subjects
to gather preliminary data on the agent’s pharmacokinetics.
A Phase 0 study gives no data on safety or efficacy, being by
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definition a dose too low to cause any therapeutic effect. Phase 0 studies are carried to rank drug candidates in order to
decide which has the best pharmacokinetic parameters in humans to take forward into further development. They enable
go/no-go decisions to be based on relevant human models instead of relying on sometimes inconsistent animal data. Phase 0 studies should be classified as early development phase.
1.4 LATE DEVELOPMENT PHASE - Phase IIIb of clinical trial
Phase IIIb is not much different from Phase IIIa, but it is initiated at the moment when an application for marketing
authorization of pharmaceutical product has already been
submitted to regulatory agency. On average, only 50%
of molecules successfully passing phase III tests are registered and commercialised. Hence, even if all clinical tests have
been successfully performed, there is still a significant probability that the medicine will never make it to the market.
However as the study has been initiated at the moment
when application for marketing authorization has already
been submitted it implies that entity developing the product is rather convinced about it commercial potential. Clinical studies of phase IIIb are classified here as late
development phase of pharmaceutical product. According
to Frascati Manual not all activities undertaken prior to permission to manufacture are considered to be R&D, especially
when there is a significant wait after the completion of phase IIIa trials, during which marketing and process development activities may be started.
1.5 POST APPROVAL ACTIVITIES - post approval activities
of drug development usually include Phase IV of clinical trials
and non-interventional studies.
Phase IV trial also known as Post-Marketing Surveillance

(PMS) Trial involve the safety surveillance (pharmacovigilance) and ongoing technical support of a drug after it receives
marketing authorization. Phase IV studies may be required by
regulatory authorities or may be undertaken by the sponsoring company for competitive (finding a new market for
the drug) or other reasons (for example, the drug may not
have been tested for interactions with other drugs, or on certain population groups such as pregnant women, who are
unlikely to subject themselves to trials). Non-interventional
trials include post-marketing surveillance studies (PMS), post
authorization safety studies (PASS), cohort studies, case-control studies, and register studies. Whereas in phase I-IV clinical trials the efficacy of an investigational product is explored
in a patient population which has been selected according
to strong inclusion and exclusion criteria, in non-interventional trials patients are treated under real life conditions to investigate the effectiveness of a drug. Post approval
studies are conducted at the moment when product is already
marketed and generating some revenues. According to Frascati Manual phase IV clinical trials, which continue testing
the drug or treatment after approval and manufacture, should only be treated as R&D if they bring about a further scientific or technological advance.
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2. Biologic Products
As biologic medicinal products are defined product, such
as a vaccine, blood or blood component, allergenic, somatic cell,
gene therapy, tissue, recombinant therapeutic protein or living
cells that are used as therapeutics. Biologics are created by biologic processes, rather than being chemically synthesized.
In most cases, the term „biologics” is used more restrictively
for a class of therapeutics that are produced by means of biological processes involving recombinant technology. These
medications are usually one of three types:
1. Substances that are (nearly) identical to the body’s own key
signalling proteins. Examples are the blood-production
stimulating protein erythropoietin, growth-stimulating
hormone or biosynthetic human insulin and its analogues.
2. Monoclonal antibodies. These are similar to the antibodies
that the human immune system uses to fight off bacteria
and viruses, but they are „custom-designed” (using hybridoma technology or other methods) and can therefore
be made specifically to counteract or block any given substance in the body, or to target any specific cell type.
3. Receptor constructs (fusion proteins), usually based on
a naturally-occurring receptor linked to the immunoglobulin frame. In this case, the receptor provides the construct
with detailed specificity, whereas the immunoglobulinstructure imparts stability and other useful features
in terms of pharmacology.
2.1 BASIC RESEARCH
2.1.1 Search for new therapeutic targets
Similarly as for small molecules the initial step in the process
of development of innovative biologic pharmaceutical pro-

ducts is usually related to understanding of disease process
and mechanism to control or eliminate this malfunction.
It is often done by basic research and multitude discoveries
in the field of anatomy, physiology, biochemistry and pathology. The process of R&D of new drug is regularly predeceased
by discovery of new receptor type or subtype, new enzyme
or new metabolic path involved in pathogenesis of particular
disease. Break-through publications in scientific journals are
opening the field for discovery of new drugs by forming new
therapeutic targets. An example of such target could be discovery of HER2 receptors. Such activities are classified here
as basic research.
2.2 APPLIED RESEARCH
Based on discoveries of basic research scientists precede with
applied research leading to drug discovery and screening. This
usually includes processes of:
- Drug discovery and laboratory research,
- Pharmaceutical development,
- Preclinical research.
They are classified as applied research. Examples of applied
research in development of biological pharmaceutical product are listed below:
2.2.1 Drug discovery and laboratory research
Activities related to drug discovery and laboratory research
of biologic pharmaceutical products may include, but not be
limited to:
- in silico structure based drug design and virtual screening
methods (for fusion proteins),
- cloning of human genetic material,
- cell banking - development of genetically modified cell
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-

for production (insertion of selected fragments of human
genetic material into the target bank cells: bacteria, yeast,
animal or human cell lines) for substance identical with human signalling proteins,
use of of hybridoma technology for development of monoclonal antibodies,
development of in vitro biological production systems,
structure determination by crystallographic, mass spectroscopic, NMR or other visualisation methods,
analytical development of candidate molecules,
development of purification process,
the physicochemical and biological characterisation studies.

2.2.3.1 Efficacy studies – different tests conducted in order
to confirm the pharmacological and clinical efficacy of Biological Investigative Product on animal model of disease.
2.2.3.2 Safety pharmacology studies including core battery
of safety pharmacology (tests aiming to identify adverse reactions from CNS, cardiovascular and respiratory systems).

2.2.3 Preclinical research

Central Nervous System
Functional observation studies on motor activity, behavioural
changes, coordination and sensory/motor reflex typically
includes modified Irvin’s battery (observation of miosis, piloerection, respiratory rate, lacrimation, salivation, vasodilation, diarrhoea and rectal temperature of dosed animals)
or Functional Observational Battery (home cage observations,
handling observations, open field observations, reflex and physiological measurements). Additionally an effect on body temperature is measured.
Novel centrally acting drugs are usually tested for abuse
potential. Primate self-administration tests may be used
to asses this. Additionally an investigation of potential adverse events resulting from interactions with drugs likely to be
co-prescribed with the tested compound may also be required. Determination of effects on hepatic drug metabolising
enzymes, may be sufficient, but a number of drug-specific interaction studies with concurrent dosing might be required.

Phase of preclinical research is conducted before testing
in humans can begin. In preclinical research important feasibility, iterative testing and drug safety data is collected in animal studies. The main goals of pre-clinical studies are
to determine a product’s ultimate safety profile. The following approach may be considered and should be tailored
to the specific product concerned on a case-by-case basis.

Cardiovascular system
Tests include studies on the effect on the blood pressure, heart
rate and ECG in vivo and in vitro and/or ex vivo are done.
The most often used assay for blood pressure is in vivo measurement on rat tail. Other in vivo tests usually include larger animals (dogs) and telemetry. Ex vivo assay for heart rate is usually
done with isolated rabbit or rat heart in Langendorff setup.

-

2.2.2 Pharmaceutical development
In order to proceed with early development phase and to start
phase I clinical trial on human it is also necessary to complete
steps of pharmaceutical development. Examples of those activities include:
- product formulation for the designed pharmaceutical form
and route of administration in human,
- stability testing of final product,
- scale up and manufacturing in accordance with Good Manufacturing Practice.
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Respiratory system
Most simple tests include observation of breathing frequency,
depth of breathing, and blood gases (haemoglobin level saturation by oxymetric measurement on rat’s tail). More complicated methods include tests on airway resistance (ex vivo
tests with trachea and bronchi rings), airway compliance,
tidal volume. They might be performed in vivo in pletysmography cages.
2.2.3.3 Pharmacokinetics – this includes preliminary studies
on absorption, distribution, metabolism and excretion.
Usually start with development of a suitable assay to enable the measurement of the concentration of compound
and possible metabolites in plasma and other body fluids.
2.2.3.4 Toxicity studies - are usually divided into short term acute toxicity studies and long term repeat-dose toxicity studies.
2.2.3.4.1 Acute toxicity – single dose studies
Preliminary study should be performed to estimate the maximum nonlethal dosage (MNLD) for the use in definitive studies. It should include two species by two routes
of administration. Definitive studies should be performed
to evaluate effects that may result from acute exposure to the
MNLD and predict effects of overdose in man.
2.2.3.4.2 Repeat-dose toxicity
Tests are usually performed in 2 species (rodents and non-rodents). To support the conduct of single dose study in human
a minimum of 2 weeks of rodent study and a minimum
of 2 weeks non-rodent study should be performed. If there
is a plan to conduct a clinical study with repeated dose a mini-

mum data to support the approval should include a 4 weeks
rodent study and a minimum of 2 weeks non-rodent study.
A Maximum Repeatable Dose study should be carried out
for each species by each route of administration. The dose
is increased every 3-4 days until significant toxicity occurs.
The aim of both types of studies is to determine the safety
profile of toxic effect, including target organ toxicity.
Other routine toxicological studies such as safety pharmacology, reproduction toxicology, mutagenicity and carcinogenicity
studies are not normally required for similar biological medicinal products, unless indicated of results of repeat dose studies.
In conclusion we can assume that all steps of development
of biologic pharmaceutical products that are not clinical trials,
but on the same time do not fulfil definition of basic research
can be classified here as applied research. This is supported by
Commission decision “State aid SA.33866 2011/N – Italy Aiuto
di Stato a favore di Ricerca, Sviluppo e Innovazione per il progetto FAIV (Faster Access to Innovative Vaccines) di Novartis
Vaccines S.r.l.” where:
- production and purification of protective antigens for infectious diseases and formulation of candidate vaccines,
- developing vaccines containing the most appropriate
formulations of protective antigens,
- setting up efficient processes for vaccine production which
are suitable for transfer to vaccine manufacturers,
- formulation development and scale up for either a liquid
or freeze dried final presentation,
- cleaning validation for phases I and II clinical final drug
product,
- development, qualification and validation of standard
analytical methods,
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- execution of a non-GMP production/engineering runs of final
drug product,
were classified as industrial research, which in this classification is named applied research.
2.3 EARLY DEVELOPMENT PHASE
Early development phase consists of clinical trials conducted
on human subjects. Trials involving new drugs are commonly
classified into phases. Each phase of the drug approval process is treated as a separate clinical trial. The drug-development process will normally proceed through all phases over
many years. If the drug successfully passes through Phases I,
II, IIIa it will usually be approved by the regulatory authority
for use in the defined population.
• Phase 0: First in Human miscodosing studies focused on
Pharmacokinetics,
• Phase I: Screening for safety, Pharmacodynamics and Pharmacokinetics,
• Phase II: Establishing the testing protocol,
• Phase III: Final testing.
Similar to small molecules clinical trials on healthy volunteers
or patients are classified here as early (experimental) development phase.
2.4 LATE DEVELOPMENT PHASE - Phase IIIb of clinical trial
Phase IIIb is not much different from Phase IIIa, but it is initiated at the moment when an application for marketing
authorization of biologic pharmaceutical product has already been submitted to regulatory agency. On average, only
50% of molecules successfully passing phase III tests are re-

gistered and commercialised. Hence, even if all clinical
tests have been successfully performed, there is still a significant probability that the medicine will never make it to the
market. However as the study has been initiated at the moment when application for marketing authorization has already been submitted that implies that entity developing
the product is rather convinced about it commercial potential. Clinical studies of phase IIIb are classified here as late
development phase of pharmaceutical product. According
to Frascati Manual not all activities undertaken prior to permission to manufacture are considered to be R&D, especially
when there is a significant wait after the completion of phase IIIa trials, during which marketing and process development activities may be started.
2.5 POST APPROVAL ACTIVITIES - post approval activities
of drug development usually include Phase IV of clinical trials
and non-interventional studies
Phase IV trial also known as Post-Marketing Surveillance
(PMS) Trial involve the safety surveillance (pharmacovigilance) and ongoing technical support of a drug after it receives
permission to be sold. Phase IV studies may be required
by regulatory authorities or may be undertaken by the sponsoring company for competitive (finding a new market for
the drug) or other reasons (for example, the drug may not
have been tested for interactions with other drugs, or on certain population groups such as pregnant women, who are
unlikely to subject themselves to trials). Non-interventional
trials include post-marketing surveillance studies (PMS), post
authorization safety studies (PASS), cohort studies, case-control studies, and register studies. Whereas in phase I-IV clinical trials the efficacy of an investigational product is explored
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in a patient population which has been selected according to
strong inclusion and exclusion criteria, in non-interventional
trials patients are treated under real life conditions to investigate the effectiveness of a drug. Post approval studies are
conducted at the moment when product is already marketed
and generating some revenues.

21

3. Generic Products
A generic pharmaceutical product (generic drug or generic)
is a pharmaceutical products defined as „a drug product that
is comparable to brand/reference pharmaceutical product in
dosage form, strength, route of administration, quality and
performance characteristics, and intended use”.
A generic drug must contain the same active ingredient(s)
as the original formulation. According to regulatory requirements generic drugs are identical or within an acceptable
bioequivalent range to the original brand-name counterpart
with respect to pharmacokinetic and pharmacodynamic
properties. The most often measure is comparison of AUC
of original and generic product. The result within 80%
and 125% is considered as bioequivalent. By extension, therefore, generics are considered identical in dose, strength, route
of administration, safety, efficacy, and intended use.
3.1 BASIC RESEARCH
3.1.1. Search for new therapeutic targets
It is not expected/required that development of generic pharmaceutical products will include search for new therapeutic targets. There might be however some instances when new actions
of a well-known pharmaceutical product available on the market for many years will be discovered. For example due to the
potassium channel blocking activity metformin has been recently confirmed as useful agent in treatment of some genetically
related subtypes of diabetes mellitus in children regularly treated with insulin. The administration of metformin allowed
for good control of glucose level even if insulin injections were
ceased. Nevertheless it was possible due to the basic research
related to molecular and genetic mechanism of diabetes and not
extensive research on mechanism of action of metformin.

3.2 APPLIED RESEARCH
From typical steps of applied research in the field of pharmaceutical products based on small molecules only several items
primarily related to pharmaceutical development are viable
for generic products. This may include, but not be limited to:
- development of new manufacturing process of active substance based on innovative synthesis,
- structure confirmation by crystallographic, mass spectroscopic, NMR or other visualisation methods,
- demonstration of non-equivalent structure,
- development of polymorphic forms of active substance
leading to development of new polymorphic phase
of known pharmaceutical product,
- analytical tests for chemical and physical properties of polymorphic forms of active substance,
- chemical stability testing for polymorphic forms of active
pharmaceutical substance,
- excipient compatibility.
The performance of any pre-clinical tests on animals is not
required as developed generic product is based on well-known
active substance with well-established pharmacologic (pharmacodynamics) profile.
3.2.1. Assessment of drug polymorphism
Polymorphism plays an important role in the development
of pharmaceutical products. Many drugs receive regulatory
approval for only a single crystal form or polymorph. Other
forms might be covered by patent or not. In a classic case the
pharmaceutical company GSK defended its patent for the polymorph type II of ranitidine against competitor (Novopharm)
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while that of the polymorph type I had already expired. Since
polymorphs differ by their crystal structures, they also differ
by their properties, of which solubility and dissolution rate
are the most important. FDA recommends that applicants
for Abbreviated New Drug Application (ANDA) designed for
generics, investigate whether the drug substance in question
can exist in polymorphic forms - considering both crystalline
and amorphous forms as well as solvate and hydrate forms.
Polymorphism in drugs can have direct medical implications.
Due to differences in solubility of polymorphs, one polymorph
may be more active therapeutically than another polymorph
of same drug.

RLD (e.g., warfarin sodium, famotidine, and ranitidine). FDA
also has approved some ANDAs in which the drug substance in
the generic drug product differed in solvate or hydrate forms
from the drug substance in the corresponding referenced product (e.g., terazosin hydrochloride, ampicillin, and cefadroxil).
Development of new manufacturing process of active substance based on innovative synthesis, tests on polymorphic
forms of active substance leading to development of new
pharmaceutical form of known pharmaceutical product are
classified here as applied research.
3.3 EARLY DEVELOPMENT PHASE

Development of polymorphic forms of active substance may
also lead to development of new pharmaceutical phase
of known pharmaceutical product. In the case of ritonavir, not
only was one polymorph virtually inactive compared to the
alternative crystal form, but it was subsequently found to convert the active polymorph into the inactive form on contact.
This caused major issues with production which ultimately
were only solved by reformulating the medicine into gelcaps
and tablets, rather than the original capsules. Polymorphism
may also open some opportunities for generic companies.
For a drug formulation the original companies usually choose
a stable polymorph, the generic ones have to use less stable
and less-lasting polymorph. Cefdinir is appearing in 11 patents
from 5 pharmaceutical companies in which a total of 5 different polymorphs are described. The original inventor Fujisawa
extended the original patent covering a suspension with
a new anhydrous formulation. Competitors in turn patented
hydrates of the drug with varying water content. Over
the years, FDA has approved a number of ANDAs in which the
drug substance in the generic drug product had a different polymorphic form from the drug substance in the respective

Unlike for original pharmaceutical products where all steps
of applied research had to be completed before preceding
to tests on humans development of generics has a different
protocol. For the purpose of this classification early development phase of generic pharmaceutical product may also include phases of:
- development of new formulation, new pharmaceutical
form of known pharmaceutical product (active substance),
- release and compatibility tests,
- stability testing of final product,
- scale up and manufacturing in accordance with Good Manufacturing Practice,
- bioavailability and bioequivalence studies.
It is however neither required (by regulatory agencies) nor
needed from development point of view to conduct any
clinical development phase studies with generic pharmaceutical products except of bioequivalence studies. However
in some and rare cases pharmacodynamics and/or therapeutic
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equivalence studies might be required if bioequivalence studies cannot be conducted.

studies) are considered in this classification as early development phase.

Bioequivalence studies are primarily focused on comparison
of pharmacokinetic properties of two products (comparative
studies) and conducted to determine bioequivalence between
two products such as a commercially-available brand-name
product and a potential to-be-marketed generic product. During the study each of the preparations are administered in
a cross-over pattern to volunteer subjects, generally healthy
individuals but occasionally in patients. Serum/plasma samples are obtained at regular intervals and assayed for parent
drug (or occasionally metabolite) concentration. In cases
when blood concentration levels are neither feasible nor possible to compare the two products (e.g. inhaled corticosteroids), then pharmacodynamic endpoints rather than
pharmacokinetic endpoints are used for comparison. For
a pharmacokinetic comparison, the plasma concentration
data are used to assess key pharmacokinetic parameters such
as area under the curve (AUC), peak concentration (Cmax), time
to peak concentration (Tmax), and absorption lag time (tlag).
Testing should be conducted at several different
doses, especially when the drug displays non-linear pharmacokinetics.

3.4 LATE DEVELOPMENT PHASE

In addition to data from bioequivalence studies, other data
may need to be submitted to meet regulatory requirements
for bioequivalence. Such evidence may include:
• analytical method validation,
• in vitro-in vivo correlation studies (IVIVC).
Bioequivalence studies as well as in vitro-in vivo correlation
studies (pharmacodynamics and/or therapeutic equivalence

It is not expected that generic pharmaceutical products will
undergo late development phase of R&D process.
3.5 POST APPROVAL ACTIVITIES - post approval activities
of drug development usually include Phase IV of clinical trials
and non-interventional studies. It is possible to conduct post
approval studies with the use of generic pharmaceutical
products, but they are rarely pursued for other reasons than
marketing purposes.
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4. Biosimilar Products
Biosimilars also known as follow-on biologics are biologic
medicinal products, whose active drug substance is made by
a living organism or derived from a living organism by means
of recombinant DNA or controlled gene expression methods.
They are also referred to as subsequent entry biologics
(SEBs). Similarly to generic pharmaceutical products reference to the innovator product is an integral component
of the approval.
Unlike the more common small molecule drugs, biologics generally exhibit high molecular complexity, and may be quite
sensitive to changes in manufacturing processes. Differences
in impurities and/or breakdown products can have serious
health implications. This has created a concern that copies
of biologics might perform differently than the original branded version of the product. Consequently only a few subsequent versions of biologics have been authorized in the US
through the simplified procedures allowed for small molecule
generics. The European regulatory authorities adapted special approval procedure to authorize subsequent versions
of previously approved biologics, termed „similar biological
medicinal products”. This procedure is based on a thorough
demonstration of „comparability” of the „similar” product
to an existing approved product (for reference see EMA Guideline on Similar Biological Medicinal Products).
4.1 BASIC RESEARCH
4.1.1. Search for new therapeutic targets
It is not expected/required that development of biosimilar
pharmaceutical products will include search for new therapeutic targets as similarly to generic pharmaceutical products
reference to the innovator product is an integral component

of the marketing authorization approval.
4.2 APPLIED RESEARCH
Recombinant therapeutic proteins are of a complex nature
(composed of a long chain of amino acids, modified amino
acids, derivatized by sugar moieties, folded by complex
mechanisms). These proteins are made in living cells
(bacteria, yeast, animal or human cell lines). The ultimate
characteristics of a drug containing a recombinant therapeutic protein are to a large part determined by the process through which they are produced: choice of the cell type,
development of the genetically modified cell for production,
production process, purification process, formulation of the
therapeutic protein into a drug. Because no two cell lines,
developed independently, can be considered identical,
biotech medicines cannot be fully copied.
Elements of applied research in development of biosimilar
products may include:
- cloning of human genetic material,
- cell banking - development of genetically modified cell
for production (insertion of selected fragments of human
genetic material into the target bank cells: bacteria, yeast,
animal or human cell lines),
- development of in vitro biological production systems,
- development of production and purification process,
- the physicochemical and biological characterisation studies.
In accordance with the Guideline on Similar Biological Medicinal
Products containing Biotechnology-Derived Proteins as Active
Substance” before initiating clinical development, non-clinical
studies should be performed. These studies should be comparative in nature and should be designed to detect differences
in response between the similar biological product and the
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reference medicinal product and not just the response per se.
It is important to note that design of an appropriate non-clinical
study program requires a clear understanding of the product
characteristics. Results from the physicochemical and biological characterisation studies should be reviewed from the pointof-view of potential impact on efficacy and safety. Relevant
guidance documents, notably the „Note for guidance
on Non-clinical safety evaluation of biotechnology derived
pharmaceuticals” (CPMP/ICH/302/95), should be taken into consideration. Ongoing consideration should be given to the use
of emerging technologies. In vivo, the developing genomic/proteomic microarray sciences may, in the future, present opportunities to detect minor changes in biological response
to pharmacologically active substances). The following approach may be considered and should be tailored to the specific
product concerned on a case-by-case basis.

In vitro studies:
Assays like receptor-binding studies or cell-based assays,
many of which may already be available from quality-related
bioassays, should normally be undertaken in order to establish
comparability in reactivity and the likely causative factor(s)
if comparability cannot be established.
In vivo studies:
Animal studies should be designed to maximise the information obtained and to compare reference and similar biological medicinal products intended to be used in the clinical
trials. Such studies should be performed in a species known
to be relevant and employ state of the art technology.
Where the model allows, consideration should be given
to monitoring a number of endpoints such as:
• Pharmacodynamic effect/activity relevant to the clinical

application. Non-clinical toxicity as determined in at
least one repeat dose toxicity study, including toxicokinetic measurements. Toxicokinetic measurements should include determination of antibody titres, cross
reactivity and neutralizing capacity. The duration of the
studies should be sufficiently long to allow detection
of relevant differences in toxicity and/or immune responses between similar biological medicinal product and reference medicinal product.
• If there are specific safety concerns, these might be addressed by including relevant observations (i.e. local tolerance)
in the same repeat dose toxicity study.
Other routine toxicological studies such as safety pharmacology, reproduction toxicology, mutagenicity and carcinogenicity studies are not normally required for similar biological
medicinal products, unless indicated of results of repeat dose
studies.
Above listed activities are classified here as applied research.
4.3 EARLY DEVELOPMENT PHASE
The requirements depend on the existing knowledge about
the reference biological medicinal product and the claimed
therapeutic indication(s). Available product/disease specific
guidelines should be followed when appropriate. It is acknowledged that the manufacturing process will be optimised
during development. It is recommended to generate the
required clinical data for the comparability study with the test
product as produced with the final manufacturing process
and therefore representing the quality profile of the batches
to become commercialised. Any deviation from this recommendation should be justified and supported by adequate
additional data.
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The clinical comparability exercise is a stepwise procedure
that should begin with pharmacokinetic (PK) and pharmacodynamic (PD) studies followed by clinical efficacy and safety
trial(s) or, in certain cases, pharmacokinetic/pharmacodynamic (PK/PD) studies for demonstrating clinical comparability.
Pharmacokinetic studies
Comparative PK studies designed to demonstrate clinical
comparability between the similar biological medicinal product and the reference medicinal product with regard to key
PK parameters are an essential part of the comparability
exercise. Specific considerations related to the inherent
characteristics of proteins are described in the “Guideline
on clinical investigation of the pharmacokinetics of therapeutic proteins” (EMEACHMP/89249/2004/adopted 28 Jul 2005)
and they should be taken into account. The design of comparative PK studies should not necessarily mimic that of the
standard “clinical comparability” design (CHMP/EWP/
QWP/1401/98), since similarity in terms of absorption/bioavailability is not the only parameter of interest. In fact, differences in elimination characteristics between products e.g.
clearance and elimination half-life should be explored.
The choice of the design for single dose studies, steady-state studies, or repeated determination of PK parameters should be justified. The ordinary crossover design is not
appropriate for therapeutic proteins with a long half-life,
e.g. therapeutic antibodies and pegylated proteins, or for
proteins for which formation of anti-drug antibodies is likely. The acceptance range to conclude clinical comparability
with respect to any pharmacokinetic parameter should
be based on clinical judgement, taking into consideration all
available efficacy and safety information on the reference
and test products. Hence, the criteria used in standard clinical comparability studies, initially developed for chemically

derived, orally administered products may not be appropriate and the clinical comparability limits should be defined
and justified prior to conducting the study.
Pharmacodynamic studies
The pharmacodynamic (PD) markers should be selected
on the basis of their relevance to demonstrate therapeutic
efficacy of the product. The pharmacodynamic effect of the
test and the reference medicinal products should be compared
in a population where the possible differences can best be observed. The design and duration of the studies must be justified.
Combined PK/PD studies may provide useful information
on the relationship between exposure and effect. The selected
dose should be in the steep part of the dose-response curve.
Studies at more than one dose level may be useful.
Confirmatory pharmacokinetic/pharmacodynamic (PK/PD)
studies
Normally comparative clinical trials are required for the
demonstration of clinical comparability. In certain cases,
however comparative PK/PD studies between the similar biological medicinal product and the reference medicinal product
may be sufficient to demonstrate clinical comparability, provided that all the following conditions are met:
• The PK of the reference medicinal product are well characterised.
• There is sufficient knowledge of the pharmacodynamic
properties of the reference medicinal product, including
binding to its target receptor(s) and intrinsic activity. Sometimes, the mechanism of action of the biological product will
be disease-specific.
• The relationship between dose/exposure and response/
efficacy of the reference medicinal product (the therapeu-
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tic “concentration-response” curve) is sufficiently characterised.
• At least one PD marker is accepted as a surrogate marker
for efficacy, and the relationship between dose/exposure
to the product and this surrogate marker is well known.
A PD marker may be considered a surrogate marker for efficacy if therapy-induced changes of that marker can
explain changes in clinical outcome to a large extent.
Examples include absolute neutrophil count to assess
the effect of granulocyte-colony stimulating factor
(G-CSF), and early viral load reduction in chronic hepatitis C
to assess the effect of alpha interferons. The choice of the
surrogate marker for use in PK/PD studies should be thoroughly justified. If PK/PD studies are used to demonstrate
comparability of the biological medicinal products, care
should be taken to investigate a relevant dose range to demonstrate assay sensitivity (see ICH topic E10). The margins defining clinical comparability of PK and PD
parameters must be defined a priori and justified.
Efficacy trials
Usually comparative clinical trials will be necessary to demonstrate clinical comparability between the similar biological and the reference medicinal product. Clinical comparability
margins should be pre-specified and justified, primarily
on clinical grounds. As for all clinical comparability trial designs, assay sensitivity (see ICH topic E10) has to be ensured.
If a clinical comparability trial design is not feasible, other designs should be explored and their use discussed with the
competent authorities.
All described above studies conducted on healthy volunteers
or patients are classified here as early development phase.

4.4 LATE DEVELOPMENT PHASE
Phase IIIb is not much different from Phase IIIa, but it is initiated at the moment when an application for marketing authorization of pharmaceutical product has already been
submitted to regulatory agency. On average, only 50% of molecules successfully passing phase III tests are registered and
commercialised. Hence, even if all clinical tests have been
successfully performed, there is still a significant probability
that the medicine will never make it to the market. However
as the study has been initiated at the moment when application for marketing authorization has already been submitted
that implies that entity developing the product is rather
convinced about it commercial potential. Clinical studies
of phase IIIb are classified here as late development phase
of pharmaceutical product. According to Frascati Manual not
all activities undertaken prior to permission to manufacture
should be considered as R&D, especially when there is a significant wait after the completion of phase IIIa trials, during
which marketing and process development activities may be
started.
4.5 POST APPROVAL ACTIVITIES - post approval activities
of drug development usually include Phase IV of clinical trials
and non-interventional studies. It is possible to conduct post
approval studies with the use of biosimilar pharmaceutical
products.
Phase IV trial is also known as Post-Marketing Surveillance
(PMS) Trial. Phase IV trials involve the safety surveillance
(pharmacovigilance) and ongoing technical support of a drug
after it receives marketing authorization. Phase IV studies
may be required by regulatory authorities or may be undertaken by the sponsoring company for competitive (finding a new
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market for the drug) or other reasons (for example, the drug
may not have been tested for interactions with other drugs,
or on certain population groups such as pregnant women,
who are unlikely to subject themselves to trials). Non-interventional trials include post-marketing surveillance studies (PMS), post authorization safety studies (PASS), cohort
studies, case-control studies, and register studies. Whereas
in phase I-IV clinical trials the efficacy of an investigational
product is explored in a patient population which has been selected according to strong inclusion and exclusion criteria,
in non-interventional trials patients are treated under real
life conditions to investigate the effectiveness of a drug. Post
approval studies are conducted at the moment when product
is already marketed and generating some revenues. According to Frascati Manual phase IV clinical trials, which continue
testing the drug or treatment after approval and manufacture, should only be treated as R&D if they bring about a further
scientific or technological advance.
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