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Introductory Chapter: Introduction to Clinical Trials

Hesham Abdeldayem

Additional information is available at the end of the chapter

1. Clinical research

Clinical research may be defined as the research in which an investigator directly deals with 
human subjects or on material of human origin. It includes mechanisms of human disease, 
therapeutic interventions, development of new technologies, epidemiologic and behavioral 
studies, and outcomes and health services research. Types of clinical research may be clas-
sified as retrospective/prospective that refers to the time of data collection. In prospective 
studies, the data are collected after the objectives are set. On the other hand, in retrospective 
studies, the data are collected before the objectives are set. Another classification is cohort/
cross-sectional studies. In cohort studies, the subjects are followed over time. On the other 
hand, in cross-sectional study, the subjects are examined at one point of time, e.g., prevalence 
of a disease [1].

1.1. Types of clinical research

1. Case reports

2. Observational studies: Data are collected for a set of patients without randomization.

3. Clinical trial: A prospective study evaluating the effect and value of intervention(s) in hu-
man subjects under pre-specified settings.

Clinical trials are considered the heart of all medical advances and the “Gold Standard” of 
clinical research. They are the most definitive tool for evaluation of the applicability of clinical 
research with the potential to improve the quality of health care and control costs. In other 
words, they bridge the gap between basic science and improved human health, as they inves-
tigate new ways to prevent, detect, or treat diseases or to improve the quality of life [2].

© 2018 The Author(s). Licensee IntechOpen. Distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/), which permits use, distribution
and reproduction for non-commercial purposes, provided the original is properly cited.
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4 The Management of Clinical Trials 

Single center/multi-center trials: Multicenter trials enhance generalizability of the results. In 
multicenter studies, the use of a central lab makes data handling easier because there is only 
one set of reference ranges.

2. Non-comparative/comparative design 

Noncomparative design is usually used to assess a treatment’s safety and tolerability and 
also in some therapeutic confirmatory studies if long-term safety data are required.

Comparative design is used when comparing treatments: controlled clinical trials groups are 
studied and contrasts made between groups. Different types of controls include: Historical/
Concurrent: Concurrent controls include placebo and active control (standard therapy or use 
another new therapy) or “sham” treatment control, e.g., sham surgery or acupuncture. The 
two most commonly used designs are [3]: 

1. Cross-over: Each subject receives one treatment and then (after a wash out period) crosses 
over to receive the other treatment. The individual subject variability is minimized, hence 
the need for less number of subjects. This design should include an adequate wash out pe-
riod to ensure baseline status before giving the second treatment, the diseases in question 
must be stable; otherwise, it will not be considered ethical.

2. Parallel-group: Each subject receives only one of the study treatments for a predetermined 
period, individual subject variability must be taken into account, hence the need for a 
larger number of subjects [4].

2.1. Selection criteria: Inclusion and exclusion criteria 

Selection criteria define which subjects to include and which to exclude. The intension is to 
identify the appropriate participants in a tightly defined population, based on factors as age, 
gender, the type and stage of the disease, previous treatment history, and other medical con-
ditions. Examples of exclusion criteria include concomitant therapy that may affect the course 
of the disease or may lead to drug interactions, women of child bearing potential, pregnant 
women, nursing mothers, and subjects who cannot comply with protocol (alcoholics or drug 
users).

3. Research bias 

Selection/allocation bias occurs when researcher knows which with the possibility of being 
tempted to give the treatment under investigation either to subjects who had failed on previ-
ous therapy or to those who they think will do well. To eliminate selection bias, studies are 
conducted on a randomized fashion.
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Observer bias is when the investigator knows which treatment a study subject is taking with 
the possibility that subjects taking a new treatment may be over-scored. To eliminate observer 
bias, studies are conducted blind [5].

4. Randomization and blinding 

Randomization: A process based on allocation of subjects to treatment groups by chance, 
aiming at removing the potential bias in treatment assignment whether conscious or subcon-
scious. This will greatly enhance the validity of the trial.

Blinding is when the investigator and/or the study subject do not know which subject is tak-
ing which treatment. The investigator, the participant, and sometimes even the evaluator are 
all kept unaware (blinded) of the outcomes of the trial.

1. Single-blinded study: either the investigator or the subject tested is blinded to the interven-
tion allocation.

2. Double-blinded study: both the investigator and the subject tested are unaware about of 
the intervention allocation.

3. Triple-blinded study: even the evaluator is also not aware of the process.

In emergencies and life threatening situations for participants, unblinding can be done. 

Standard operating procedures (SOPs) ensure that the specific tasks in the trial are carried 
out in a consistent manner. Topics for SOPs for investigators:

1. Ethics: initial and continuing review by ethics committees, informed consent, consent 
forms, and information sheets

2. Study setup: review of investigator brochures, protocols, protocol amendments, CRFs, and
agreements (e.g., responsibility, financial, confidential, and insurance/indemnity agreement)

5. Basic documents and materials of clinical trials 

5.1. Protocol 

The protocol is a written agreement between investigators, participants, and the scientific
community. The protocol must inform (study staff) about how the study treatments will be
assigned, how the subjects are to be treated, and what assessments are to be performed. It is
the reference comprehensive operational manual that describes who is conducting the trial,
who is sponsoring it, where is it to be conducted, and on whom it will be conducted, what 
is being tested?, why is this research needed, what are the risks?, what are the procedures?,

http://dx.doi.org/10.5772/intechopen.77285


    

 
 
 
 
 

 
  

 
 
 
 
 

 

6 The Management of Clinical Trials 

how will data be collected, how many patients you will need?, and what is to be done in
any eventuality? It specifies the standard operation procedure (SOP). It describes the back-
ground, objective(s), design, methodology, statistical considerations, and organization of
the trial. It represents a guideline for the conduct, quality control of a clinical trial, and
guidelines to the monitoring groups. It is considered as a legal document for regulatory
bodies and may be used to procure funding. It should contain the right amount of detail
necessary for the reader of each section to be able to understand exactly what is required to
conduct the study [5].

6. Specific objectives

6.1. Primary objective

It defines one question the investigators are most interested in answering and is capable
of being adequately answered. It should define the primary endpoint, which is a defined
measurement or assessment. If possible, end-points need to be objective measurements
rather than subjective outcomes. However, many diseases necessitate measurements of
subjective symptoms, e.g., pain, discomfort, irritation, etc. Ideally, a clinical trial has just
one end point, and this is the primary end point. Common failing is too many end points.
The best designed trials keep it simple as this makes a clear answer more likely and easier
to achieve.

6.2. Secondary objectives

Secondary objectives should be based on subgroup hypotheses that are respectively defined 
and based on reasonable expectations and should not distract from the primary objective.

Methods include hypothesis, patient population, inclusion criteria, exclusion criteria, and 
trial design.

Protocol amendment: A written description of a change(s) to or formal clarification of a pro-
tocol. Must be approved by IRB prior to implementation may be partial or complete.

7. Phases of clinical trials 

Phase 0: Preclinical animal studies.

Phase I: First-time test of intervention in a small group of people (20–80) to evaluate safety, 
determine appropriate dosage, and identify side effects. Follows successful pharmacological 
and toxicological studies in animals start with 1/5th or 1/10th maximum tolerated dose in the 
most sensitive animal species.

Phase II: Intervention given to a larger group (100–300) to evaluate effectiveness and safety. 
First administered to patients. Phase IIa (early phase II) potential benefits and side effects 
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establish dose range for phase IIb. Phase IIb (late phase II) establishes efficacy in specific dis-
ease. Compare efficacy and side effects with other drugs for same conditions.

Phase III: Randomized, controlled, double-blinded. A sufficient sample size for statistical 
evaluation of efficacy and safety. Intervention given to large groups (1000–3000) to confirm 
effectiveness, monitor side effects, compare to other treatments, and collect information that 
will allow it to be used safely. Successful phase III trial leads to request permission to market 
new drug.

Phase IV: After drug obtained marketing license, post marketing studies determine addi-
tional information including risks, benefits, and optimal use of an intervention [6].

8. Ethical considerations 

Every possible precaution should be taken to ensure the safety of research participants includ-
ing uncoerced and truly informed consent ensuring that the research staff conducts the study 
honestly and thoroughly.

8.1. Evolution of research ethics guidelines 

1. Nuremburg “Doctor’s Trial”: 1946 in response to Nazi atrocities of using concentration 
camp prisoners for human experiments.

2. Nuremburg: 1947

3. UN Universal Declaration of Human Rights: 1948

4. Declaration of Helsinki: 1964

5. Belmont Report: 1979

6. International Ethical Guidelines for Biomedical Research (CIOMS): 1993 (Updated 2002)

The Declaration of Helsinki: A set of principles defining the standards that should apply to 
biomedical research worldwide. It remains the cornerstone ethical reference for global medi-
cal research. It is a statement of clinical principles to provide guidance to physicians and other 
participants in medical research involving human participants.

Informed consent: It is a process by which the participant voluntarily confirms the willing-
ness to participate in a particular clinical research trial, after having been informed of all 
aspects of the trial that are relevant to the subject’s decision to participate. It consists of two 
parts: a written information describing the clinical trial and a form which the subject signs 
to document that he/she has given consent to take part in the study and obtained from the 
participants in the study population after explaining them fully about the purpose, duration, 
required procedures, expectations, risks and benefits, adverse effects of the trial if any, par-
ticipants’ rights and compensation and/or treatment available to subject in the event of trial-
related injury. It is a process not just signing a form communication document not having a 

http://dx.doi.org/10.5772/intechopen.77285


 

  
  

 

  
  

   

  

  

 
 

8 The Management of Clinical Trials 

legal binding on the patients. The consent should state that the subject’s participation is vol-
untary and that he/she may refuse to participate or withdraw from the trial at any time [5, 7].
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Abstract

The number of paediatric clinical trials in EU has remarkably increased in the last decade 
in response to the implementation of the new Paediatric Regulation and incentives aim-
ing to define the need of child-specific drug development. Nevertheless, the gap between 
the number of paediatric and adult-randomised controlled trials is still substantial in 
almost every major clinical specialty. Economic, ethical, technological, geographical and 
cultural factors can influence the paediatric drug development and can represent the 
challenges to be faced for a smooth conduction of a paediatric clinical trial. The need 
for trials and paediatric patient’s engagement to commensurate with the approved pae-
diatric investigation plans is so high that it is crucial to correctly address key factors. 
Particular care should be taken to develop well-designed studies, with efficient man-
agement plans, experienced administrative and healthcare personnel, awareness of 
socio-cultural features of the geographic areas involved and good communication with 
patients and their families in order to ensure ‘trial preparedness’. A case study on a mul-
tinational paediatric clinical trial, presented within the recently ended research project 
‘DEferiprone Evaluation in Paediatrics (DEEP)’, was reported to exemplify some of the 
challenges encountered by the authors and the actions taken to overcome them.

Keywords: paediatric clinical trial, children medicines development, clinical trial 
management, ethics, patient enrolment, trial preparedness, drug formulation, 
regulatory, patient engagement

1. Introduction

Paediatric clinical research was introduced in response to the increasing gaining of awareness
that paediatric subjects cannot simplistically be defined as ‘small-scale’ adults but that possess
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12 The Management of Clinical Trials 

a unique and constantly evolving set of physiological, mental and metabolic characteristics
that require a dedicated exploration to identify their appropriate needs.

Before the introduction of international regulations and incentives aiming to define the need of
child-specific drug development, paediatric subjects were systematically given off-label treat-
ments, which did not possess any efficacy or safety data for their specific population but that
were only tested in adults. The reason for this lack of interest lies on a lower market appeal,
together with the fact that the design and execution of clinical trials in children have always been
on one hand a controversial matter, with very delicate ethical implications to be considered and
consequently regulated, and on the other hand a difficult process, with low number of patients,
intrinsically fragmented in further subgroups and with a need of tailored formulations.

2. Historical perspectives 

The milestone that signed the beginning of the modern paediatric clinical research, with care in
defining the proper requirements and ethical issues related to this vulnerable population, was
represented by the introduction of the first international regulations on paediatric subjects.

These regulations have been defined independently in the most developed countries, but in 
accordance to unified guidelines suggested by the ICH, an organization working on the har-
monization of pharmaceutical regulatory requirements within the EU, Japan and the USA.

2.1. Definition of paediatric population

Defining the paediatric population is a very complex task, as it encloses a very broad and
multifaced spectrum of subjects. The international regulation on paediatric clinical trials [1] 
has subdivided it in further four subsets: pre-term and term neonates (0–27 days), infants
(1–23 months), children (2–11 years) and adolescents (12–18 years). According to the recently
revised EMA guideline ‘Ethical considerations for clinical trials on medicinal products con-
ducted with minors’ issued on September 2017, the age groups of children and adolescents
have been further redefined into pre-schoolers (2–5 years), schoolers (6–9 years) and adoles-
cents (10–18 years) [2]. The latter age group is based on the WHO definition of adolescence
starting at the age of 10 years but maybe it has to be further subdivided into two subgroups 
because it seems to the authors to be too wide. Age groups can be differently subdivided, and
often these categories are only used to provide guidance for regulatory and clinical reasons but 
do not reflect the maturity of the individuals, which is something that is generally recognized
as crucial aspect to be taken into account during the conduct of paediatric clinical trials. Given
these uniqueness, nonetheless, international paediatric regulations try to create a unified sys-
tem of rules and laws, aiming to define the needs and protect the entire paediatric population.

2.2. European Paediatric Regulation 

The European Paediatric Regulation was adopted in 2006 and entered into force in 2007. It 
‘lays down rules concerning the development of medicinal products for human use in order 
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to meet the specific therapeutic need of the paediatric population, without subjecting the pae-
diatric population to unnecessary clinical or other trials and in compliance with Directive 
2001/20/EC’ ([3], Article 1).

Since its implementation, the Paediatric Regulation has a very positive impact on paediatric 
drug development. The 10-year report of the EMA has shown that it has led to more medi-
cines for children, better and more information for prescribers and patients, better paediatric 
research and development, more regulatory support for paediatric matters and paediatrics 
now being an integral part of medicine development [4].

Main sections ruled by the Regulation are: 

• the institution of the PDCO;

• the definition of the regulatory requirement for a marketing authorization, among which 
the PIP;

• the introduction of rewards and incentives for the development of paediatric drugs, i.e., the
PUMA.

2.2.1. PDCO 

The Paediatric Committee is composed of independent and impartial members appointed 
from Member States, health professionals, and patients’ associations. In its whole, the PDCO 
provides scientific competences on the main areas of the paediatric medicines, such as drug 
development, paediatric medicine, physics, paediatric pharmacology, pharmacovigilance, 
ethics and public health. Its main roles are:

• to assess and give a final opinion on the content and compliance of PIPs, waivers and 
deferrals;

• to give advice on issues related to surveys on the use of medicinal products in paediatric 
patients, to the establishment of a European network for paediatric research (EnprEMA) 
and to the elaboration of documents related to the Regulation;

• to establish a specific and updated inventory of paediatric medicinal product needs.

2.2.2. PIP 

The Paediatric Investigation Plan is a document that describes timing and measures by
which the developer of an IMP proposes the assessment of quality, safety and efficacy of
that IMP in all the concerned subsets of paediatric population, giving also indications of the
measures to be taken to adapt the formulation of the product to the needs of each paediatric 
population. It must be drawn up and submitted to the PDCO at the EMA with a request of
agreement before any application for marketing authorisation and possibly not later than 
upon completion of the human pharmacokinetic studies in adults. The PDCO is in charge
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of the assessment of the PIP and may request further clarifications and modifications to the
applicant. The final opinion can be either positive or negative.

The developer will be granted a waiver, if:

• the IMP and the proposed plan are judged unsafe or ineffective in some subset or in the 
whole paediatric population;

• the IMP does not represent a significant therapeutic benefit over other existing treatments 
for paediatric patients.

2.2.3. PUMA 

The Paediatric Use Marketing Authorisation is a marketing authorisation that gives sup-
plementary protection to a medicinal product for human use exclusively developed for its 
indication/formulation for paediatric use, where this same medicinal product was already 
authorized and is not covered anymore by a patent. It is granted to IMPs that have success-
fully completed an agreed PIP and have set a risk management plan for the follow-up of effi-
cacy and safety of the product. It warrants data and market protection for 10 years.

2.3. American Paediatric Regulations 

Paediatric clinical research started in the US few years in advance compared to Europe. The 
most recent legislation ruling this subject is essentially enclosed in two main acts, i.e., the 
PREA, also known as ‘the paediatric rule’ of 2003 [5] and the BPCA, ‘paediatric exclusivity’ of 
2002 [6], both amended in the FDAAA of 2007 [7].

2.3.1. PREA 

The Paediatric Research Equity Act defines the regulations on the subject of research into 
paediatric uses for drugs and biological products. The organ assigned to the assessment 
and supervision of the paediatric drug development is the Secretary of Health and Human 
Services, which acts in collaboration with a designated internal committee within the FDA 
with expertise in paediatrics, biopharmacology, statistics, chemistry, legal issues, paediatric 
ethics, and appropriate expertise on the products under assessment.

They assess and review application on drugs for paediatric use and are entitled to grant 
approvals or, in well justified cases, deferrals for the performance of the study in paediatric 
patients, or even waivers for products not suitable for children or in which the performance 
of the study is proven highly impracticable. The cases in which the disease and the effects 
of the drug are similar enough in adults and paediatric patients, an opinion can be issued 
in which paediatric effectiveness will be extrapolated from well-designed studies in adult 
patients, maybe with the addition of supplementary data obtained in paediatric subjects such 
as pharmacokinetics studies.

In addition, the PREA highlights the necessity of a transparent public dissemination of pae-
diatric data obtained either from new products or from marketed drugs for use in adults. It 
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is also duty of the secretary to perform periodic surveys and reviews, analyse data and create 
statistics on paediatric studies in terms of number of assessments, authorizations, waivers 
and deferrals, paediatric plans and timelines, formulations, labelling changes and recommen-
dations and report them to the Congress. The suggested channel for the public dissemination 
of data is the FDA website ([7], title IV).

2.3.2. BPCA 

The Best Pharmaceutical for Children Act establishes an incentive system for the performance 
of paediatric studies with the aim of expanding the number of labels, indications and safety 
and efficacy information in the different paediatric subgroups. In this case, when the secretary 
judges that information related to the use of a new drug or an already-marketed drug in the 
paediatric population would be beneficial on public health, it issues a written request to the 
sponsor, that for completing such study in a defined timeframe and providing the informa-
tion requested will be granted an extension of 6 months on market exclusivity ([7], title VI). 
The BPCA can be considered one of the most successful legislative initiatives, which brought a 
huge increase in the paediatric studies and the subsequent assignment of paediatric labelling.

3. Challenges in paediatric drug development 

Paediatric drug development is hampered by many factors that historically have made it a 
neglected subject in the pharmaceutical industry’s scenario. These factors are of different 
nature and altogether contribute to the challenge that a sponsor has to face in order to per-
form and complete a PCT. This section describes these main challenging factors, as a practical 
overview of the crucial aspects to be considered before the initiation of a PCT, in a perspective 
of “trial preparedness” (also categorized in Figure 1).

3.1. Economic burdens 

Drug development is a long, extremely expensive process, with low percentages of success, 
i.e., final market authorization. The last decades have seen an intensification of the economic 
challenges, with R&D costs constantly increasing and successfully commercialized products 
regularly decreasing. In the paediatric research, the economic factor represents a big barrier, 
as the returns promised by the paediatric market are even more disadvantageous compared 
to the burden that has to be undertaken. Crucial factors that make paediatric investigation 
economically more challenging and therefore less profitable are as follows:

• small patient population, which is further fractioned in several subgroups and strongly 
reduces market’s size;

• under-developed infrastructures, which undermine a timely and cost-effective perfor-
mance of PCTs, i.e., properly GCP-trained paediatric investigators, investigation sites,
centralized laboratories and contract research organizations with specific expertise in
paediatric trials;
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Figure 1. Aspects to consider for trial design. The flowchart summarises the most common drawbacks that can be 
encountered during the conduct of a paediatric clinical trial.
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• need of age-appropriate formulations, that are often very difficult to develop because of 
the chemical-physical characteristics of the active moieties, the possible adverse reactions 
of the excipients, the taste, total volume etc. This process is therefore very challenging on 
a technical point of view, taking long time to complete and making the cost/profit ratio of 
the drug disadvantageous;

• risks in children can be higher than in adults, with unpredictable serious adverse reactions 
and long-term effects. These risks may result in pecuniary liability, which represents a 
strong deterrent for all the parties involved, i.e. sponsors, producers, all levels of healthcare 
as well as liability insurers.

3.2. Drug formulation

The technological development of a drug for paediatric use is very demanding, and it has to 
take into consideration many aspects that could be of potential harm for minors or act as a 
deterrent for a correct and continued administration of the treatment. Therefore, many guide-
lines have been disseminated by EMA and WHO [8–11] that identify acceptable paediatric 
drugs’ features in terms of quality and formulation.

3.2.1. Drug quality 

This aspect is of high importance if we consider the fact that children can be more susceptible 
to chemicals and bioactive substances, hence it is crucial that the composition of the drug 
is well known and characterized. ICH provides several guidelines regarding the limits for 
potentially harmful chemicals to be found in API in the form of impurities, degradation prod-
ucts and solvent residuals [12–15]. These limits apply for both adults and children, with the 
idea that less quantity will be administered to children. Most of the times, drugs to be used 
in the younger children’s subgroups, i.e., neonates, toddlers, infant and young kids, need 
further attention, as they require preclinical studies to be performed first on juvenile animals 
in order to assess possible short- and long-term toxicities, thus increasing the time spent on 
the final formulation of the drug.

3.2.2. Excipients 

According to the working document on paediatric medicines development of the WHO, for 
the choice of excipients to be used for a paediatric formulation, there should be a consid-
eration on different aspects, e.g., the safety in the target age group, based on the route of 
administration and the frequency, duration and dosage of treatment [10]. The risks are higher 
for liquid formulations, but in general, the number of excipients used for a paediatric formu-
lation should be kept to a minimum, as safety data in younger children are mostly limited if 
not totally missing. Colouring agents and antimicrobial preservatives have quite often toxic 
and allergenic potential and should be avoided as far as possible, e.g., favouring solid for-
mulations to the liquid ones. This last solution has however negative consequences on the 
appropriateness of intake by younger children, as they could badly accept them due to the 
inability to swallow tablets. Sweetening agents are another delicate aspect. On one hand, they 
are often required in liquid formulations to mask an otherwise unpleasant taste of the drug 
that could compromise the adequate administration and intake of the treatment. On the other 
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hand, sweeteners’ possible side effects should be kept in consideration, i.e., cariogenicity, 
laxative effects, glycaemic spikes in patients with diabetes, inflammatory reactions in patients 
with fructose intolerance, etc.

3.2.3. Dosage forms 

Strength and dosage forms of paediatric drugs are important aspects to ensure a precise and 
manageable administration of treatment. Ideal formulation should warrant a ready-to-use 
shape, ideally adjusted on an age-specific need base, meaning more than one dosage form or 
more than one strength of a dosage form of the API. A minimal dosing frequency should be 
attempted, therefore favouring prolonged-release to immediate release formulations.

3.3. Trial design 

The phase of planning is the most crucial for the smooth and prompt conduct of a clinical trial. 
Therefore, it requires a consistent amount of groundwork, logical thinking and awareness of 
the possible risks and complications. This can be even more true in the case of PCT, where the 
sensible factors to be considered are usually many more and more difficult to solve than for 
the clinical trials to be performed in adults.

3.3.1. Innovative trial design 

Notwithstanding their little spread in the common use, innovative trial design methods are 
particularly suitable and powerful for facing issues related to low patients’ number and con-
trol groups of PCTs. Bayesian design allows the extrapolation of results out of fewer children 
than in the conventional, fixed-number design, also considering evidences on adults [16]. The 
randomised withdrawal approach is mostly appropriate for long-term illnesses. More innova-
tive trial design methods are being developed, thanks to the use of simulation studies. These 
methods, thanks to their features, represent a reliable way of ultimately improving paediatric 
care, by sensibly limiting the number of children required for achieving good-quality and 
ethical research [17].

3.3.2. The patient’s perspective 

It is crucial for clinical trial success to design a study with deep consideration of the patients’ 
needs and perspective, such the possible pain or discomfort caused by certain invasive pro-
cedures or by interventions during a particularly difficult status of the patient, the length of 
assessments and interviews, the number of visits, the duration of the study and the frequency 
of drug intake. Not least, consideration should be given to the delicate aspect of data protec-
tion within the category of vulnerable subjects, which minors belong to.

3.3.3. Quali-quantitative assessments 

Another obstacle that requires lots of problem-solving capacity in the design of a PCT is 
the lack of tools and/or methods for quantitative and qualitative assessment tailored for the 
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paediatric population and its subgroups. Examples in which these deficiencies can be found 
are as follows: 

• study endpoints;

• questionnaires and scales for the measurement of psychophysical parameters;

• tools for the assessment of adverse reactions.

The use of scales and tools validated for the analysed patients’ age is crucial to guarantee the 
proper collection and value of data for a trial. Lack of these means can imply the impossibility 
to proceed with a certain endpoint, thus invalidating the study.

3.3.4. Biological specimens 

Many trials require the collection of patient’s biological samples for the acquisition of crucial 
data. The aspect of the blood withdrawal in particular has to be carefully evaluated. On an 
ethical point of view, there is the need of avoiding as much as possible any kind of discomfort 
or pain to the child. On a clinical point of view, there is a very limited volume of blood (and 
other biological samples) that can be drawn from a child [18]. A document of recommenda-
tions, produced in 2008 and recently revised by the ad hoc group for the development of 
implementing guidelines for Directive 2001/20/EC, states that trial-related blood loss should 
exceed neither 3% total blood volume during a period of 4 weeks nor 1% at any single time 
[2]. These considerations have to be carefully implemented during trial design, as it can be a 
reason for rejection by the ethics committee evaluating study regulatory submission.

3.4. Regulatory process 

The procedures and times for regulatory approvals in different countries and investigation 
sites can be very inhomogeneous and time-consuming. Each regulatory body requires a sepa-
rate process of revision, with comments to be addressed separately. This process is a big 
drawback in the case of multi-centre international studies, because it could generate differ-
ent versions of the study protocol that will have to go through a further step of amendment 
in order to be harmonized among the investigation sites. In the European context, the new 
Regulation on Clinical Trials foresees the implementation of a centralized system of submis-
sions to speed up and harmonize the process of regulatory approval of clinical studies within 
EU [19]. When active, this system will allow a single, fully electronic submission through 
the EU portal for all the Member States concerned. Technical and scientific aspects of the 
trial application will be discussed jointly, whereas ethical aspects will be appraised sepa-
rately by the concerned Member States. They will give back opinions and requests of clarifica-
tion following unified deadlines. Each Member State will then give an individual response 
to the sponsor through the EMA portal. In conclusion, the centralized submission will be 
followed by separate authorizations. Studies’ information will be then accessible through a 
unified European database. In preparation to the implementation of this new system, a sort 
of test version has been introduced in the last few years by the EMA with the VHP, which 
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already allows a much smoother process for study approval in European investigation sites. 
Nonetheless, the system still needs to be followed by submissions in single countries, and 
country-specific requirements are still present.

3.5. Ethical issues 

Paediatric clinical research has multiple ethical implications that represent a big component 
in the difficult process of performing paediatric clinical trials.

These implications are the centre of all the regulations that have been implemented on this 
matter, and still some grey areas persist and are under constant improvement and implemen-
tation. Nevertheless, ethical principles have been expressed in lots of documents produced by 
the most influential organizations worldwide, such as WHO, ICH and EMA [2, 20–23]. Major 
points are that children should not be subjects of clinical trials when the research can be per-
formed in less vulnerable populations, and if the research is necessary, care should be taken 
to include first the least vulnerable subgroups. Unnecessary replication of trials in children is 
considered unethical too.

More generally, PCTs should be conducted following the so-called ‘Belmont principles’, which 
are beneficence (do good and avoid harm), justice (fair distribution of burden and benefits of 
research) and respect to persons [24], and the four healthcare ethics’ principles of autonomy 
(rights of patients to take decisions about their medical treatment), beneficence and non-malefi-
cence (called just beneficence in the Belmont principle) and justice [25].

3.5.1. Informed consent and assent for paediatric groups 

The issue of the informed consent in PCTs is very delicate because, on a legal perspective, 
children cannot provide a consent for themselves. For patients under legal age, informed con-
sent has to be given by the parent(s) or a legal representative. According to the several com-
mon guidelines valid within the EU [2, 26], informed consent must be given before patient’s 
enrolment in the trial, and after receiving an adequate information on the purpose of the 
research, potential risks and benefits related to the involvement of children in the clinical trial, 
randomization, volunteering nature of the enrolment and absolute freedom to withdraw any-
time with no consequences. This information must be provided by experienced investigators, 
putting no pressure whatsoever and allowing enough time for the parents/legal representa-
tive to reflect on it and ask for further information if needed. Communication must be very 
clear, and the comprehension of the information must be ensured even with the assistance 
of a mediator if necessary. Informative material must be therefore very clear, complete and 
easy to read, which is very much valued by ethics committees appraising PCT applications. 
Children able to a certain degree of understanding of the research should be, as an important 
principle of ethical research, involved in the process of making decisions about the enrolment 
in a trial. This involvement must take into consideration the maturity level of the child, so the 
communication and the informative material prepared must be age appropriate (this aspect 
is another very important step in the ethics committee evaluation process). The information 
can be followed by the obtainment of an assent from the child. In general, both consent and 
assent must be checked by the investigator as part of the normal communication with parents 
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and children for the entire period of the trial. Informed consent must be sought again as soon 
as possible where a paediatric patient is no longer a minor.

However, despite internationally accepted ethical principles and the EU guidelines, special
provisions for children vary between and, in some cases, within countries due to differences in
national laws and practices. A unique definition of legal age of consent is lacking, and the valid-
ity of assent and age-grouping is therefore not harmonized across Europe. As the EnprEMA
marked in the paper ‘Informed consent for paediatric clinical trials in Europe’, usually the
legal age for the informed consent is 18 years, but it differs in some countries: in Austria, it
is 14; in Finland and Denmark, it is 15; and in the UK, it is 16 [27]. Specific characteristics in
terms of informative material to be provided as well as requirements on the matter of rights
of the patient to sign informed consent or assent, whether in addition or not to the parent’s
consent are detected [27, 28]. Solving this issue is of primary importance in the perspective of
implementing the new European Regulation, since the lack of EC practice harmonization will
impede the achievement of a unified evaluation of PCT applications at central level.

3.5.2. Data protection and biological samples retention 

The major concern about data protection in children regards their possible uses in the future,
after the termination of a trial. In this matter personal information are included, in particular
regarding sexuality or illicit substance abuse, but also biological samples collected and stored
long-term. There is the need of a careful protection of these data. Retention of any material must
be consented (and reconsented once the child comes of age) and confidentiality guaranteed.

3.5.3. Discomfort and distress in trial procedures 

Given the vulnerable nature of paediatric patients, extra attention must be paid to the discom-
fort or pain caused to children by trial-related procedures. This is a very important ethical issue
that has to be widely considered when designing a PCT, to take all the measures to avoid unnec-
essary distress in every feasible way. In any case, signs of discomfort, pain and distress must be
always measured through the use of validated age-appropriate scales. Appropriate analgesia
should be provided where a certain degree of pain is caused by strictly necessary procedures.

3.5.4. Insurance 

Insurance is compulsory in order to safeguard patients. In the case of PCTs, it is important to 
make sure that insurance includes long-term liability. Since this risk is much higher in chil-
dren than in clinical trials performed in adults, insurance companies are reluctant to provide 
this protection. Finding the right company can be therefore quite a challenging process in the 
start-up of a PCT.

3.5.5. Safety 

As in every clinical trial, safety must be constantly evaluated and monitored, and adverse 
events should be always timely reported. Safety in paediatric subjects, given their vulner-
ability, is very important, but detecting these events can be particularly complicated. First, 
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because children could show effects never seen before in adults, with the consequence of 
unpredictable manifestations. Second, because especially in neonates and toddlers, the reac-
tion could not be easily detectable, and they do not have the possibility to communicate their 
symptoms. Third, because some methods for detection of adverse reactions are not validated 
in children, making this assessment hard and imprecise. Consequence of this issue can be on 
one hand the missed detection of an adverse reaction or on the other hand (more common) 
the over-interpretation of symptoms as adverse events and the subsequent withdrawal of 
patients from studies, contributing to issue of patients’ retention.

3.6. Patients enrolment and retention 

The problem of low percentages in patients’ enrolment and retention in PCTs is an issue that
contributes to the failure in reaching the numbers for proper study’s completion [29] and there-
fore has probably the biggest impact on the way a PCT is designed. There is a paucity of eligible
paediatric subjects for the majority of studies that is dependent on epidemiologic reasons but 
also on a high degree of patients withdrawing from the studies as well as patients’ families 
being wary about clinical trial’s possible risks. This shortage of patients has to be compensated
in most of the cases with the involvement of multiple investigation sites. This choice though is
often a double-edged weapon, because on one hand, it improves the chances to reach the mini-
mum number of patients necessary to successfully complete a study, and on the other hand,
it substantially extends the time, work and costs required for the obtainment of regulatory
approvals to conduct the studies in different sites and/or countries and for the study conduct.

3.6.1. Communication with patients and families 

Many reasons can be identified for the scarce rate of patient’s recruitment and retention in 
PCTs, among which the wrong approach or miscommunication with patients and their fami-
lies. The wrong communication between the clinical staff and patients can be tremendously 
detrimental, because it can lead to the participant (or potential participant) and his family not 
understanding correctly the conditions of the study, its aims, benefits and potential risks. They 
could feel distrustful if the entire process is not explained in a transparent way, or even threat-
ened, if they don’t understand correctly the important concept of voluntary participation.

In 2012, following a large consultation phase, the PDCO issued a Concept Paper on the 
involvement of children and young people in its activities, with the children’s best interests 
as primary consideration [30]. The setup of a child-friendly approach implies a collaborative 
and continuous action involving paediatricians and healthcare professionals, psychologists, 
families, and patients. Children and parents should be involved not only in the daily clinical 
practice but also in the whole study development, revision of clinical study protocols and use 
of drugs. Healthcare professionals should consider children and families’ active participation 
as a fundamental step to reach consensus and compliance to treatments and to increment 
patient’s enrolment and retention. Furthermore, it is necessary to recognize that a standard 
model of information is not valid for all age groups; therefore, in addition to parents, children, 
adolescent and mature minors should receive information in a clear and understandable way 
for their level of comprehension and maturity. These concepts are clearly underlined also in 
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the consultation document ‘Ethical considerations for clinical trials on medicinal products 
conducted with minors’, recently updated to be in line with the new Clinical Trials Regulation 
536/2014 [2].

3.6.2. Patients’ withdrawal 

Many factors that could cause discomfort or be uneasy to be pursued by patients or their 
families have been related to patient’s withdrawal. Most common reasons for withdrawing 
a paediatric study are the wrong formulation of the drug, i.e., the taste (too bitter or with a 
taste that does not match the preferences of the population the drug is used on), the pharma-
ceutical form (tablets, capsules, difficult to swallow for some patient’s subgroups or injectable 
solutions that require assistance and could preclude a normal life for the patient) and the 
strength (not easily scalable for smaller children). Too many doses of treatment per day can 
cause withdrawal as well or increase the risk of lack of adherence to the study protocol. Too 
many hospital visits plus the lack of any form of compensation for the expenses can represent 
a strong deterrent for parents that have to give up on work days. Distressful procedures such 
as frequent blood withdrawals should be avoided as well.

3.7. Multicentre international studies 

As discussed in Section 2.6, the need to increase the number of paediatric patients enrolled in 
a study in order to reach an adequate statistical sample, is usually managed with the design 
of multi-centre studies, often performed in different countries as well. This type of trials has 
in its turn other problematic consequences.

3.7.1. Time and costs 

Performing a trial in multiple locations means that the work will be multiplied. There is the
need to localize and make agreements with many structures that comply with all the require-
ments of the study. The study must be approved by multiple competent authorities and ethics
committees that can ask for different clarifications, and this can lead to different versions of
the study protocol. Submission packages for these requests of authorization must be tailored
from country to country, documents for patients such as informative documents, consent and
assent forms, but also labels and protocol synopsis have to be translated in the local languages.
Substantial differences in the version of study protocol and documents, consequence of the dis-
cussion with the different local CAs and ECs, will probably lead to the necessity of an amend-
ment that implements in one version all the edits and makes a right compromise with all the 
requirements to be submitted again to all the regulatory bodies for approval. If in some cases,
a compromise is not possible because of unconcealable ethical principles, different versions
have to be handled provided that the aims and GCP compliance of the study are not affected.

3.7.2. Geographic differences

The conduct of the study could be also affected by geographic issues from country to country, 
especially in locations outside the EU.
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Cultural and social differences will cause a very different process of review of the clinical 
trial application by the ECs that will point out different ethical aspects also depending on the 
common sense in their society, filtered by cultural, religious and/or political biases. IMP’s 
formulations could be inappropriate for certain populations, as regards taste, pharmaceutical 
form and/or storing conditions. Border policies could hinder the proper exchange of biologi-
cal material, IMP, as well as study-specific equipment. Finding the right compromise with 
all the different countries’ requirements and needs in order to keep a well-coordinated study 
planning and conduct could be therefore very demanding.

4. Overcoming different issues: a case study on a multicentre 
multinational PCT 

As discussed in the previous section, the performance of a PCT is fulfilled with many obsta-
cles that can compromise its success and final outcome. Good strategy, problem solving and
a wide preliminary research and awareness of the issues that could present can improve the 
chances to successfully complete the study. In this section, we propose some solutions for
the issues described above, and we use as example the case study of a recently performed
research project, the DEEP. DEEP is a 6-year European Project (FP7) coordinated by Consorzio
per Valutazioni Biologiche e Farmacologiche (CVBF), a non-profit research consortium based
in Italy, comprising 23 recruiting centres in European and non-European countries, scientific
partners from several European countries and a pharmaceutical group based in Canada. The
DEEP Project has the specific aim to produce a new oral liquid formulation of deferiprone
suitable for paediatric use and to integrate the existing information on deferiprone use in iron-
overloaded paediatric patients. It consisted of three studies, DEEP-1, DEEP-2 and DEEP-3 in 
accordance with the PIP submitted to the EMA-PDCO in February 2011 and amended and
finally approved in November 2011. It is to be mentioned that the PIP has undergone several
modifications upon PDCO request: the age of patients to be recruited, which was extended
including all the paediatric ages (from 1 month to 17 years instead of the previously proposed 
2–10 years), the sample size (from 240 patients to 310) and also the comparator (from deferox-
amine to the more expensive deferasirox), with a huge increase of time and cost.

The DEEP-1 was a multi-centre, oral single dose experimental and modelling study to evaluate
the pharmacokinetics of deferiprone in patients under 6 years of age affected by transfusion-
dependent haemoglobinopathies (NCT01740713, clinicaltrials.gov). It was concluded in 2014, pro-
viding scientific evidence that the dosage per kilogram of deferiprone used in adults and older
children can provide sufficient exposure to ensure efficacy also in younger children. These results
allowed children aged under 6 years to start to be recruited in DEEP-2 Safety/Efficacy Study.

The DEEP-2 was a phase III multicentre, randomised, open label, non-inferiority active-con-
trolled trial aiming at comparing the efficacy, in terms of changes of serum ferritin levels 
and cardiac iron overload, of deferiprone versus deferasirox in paediatric patients affected by 
hereditary haemoglobinopathies, requiring chronic transfusions and chelation (NCT01825512, 
clinicaltrials.gov). It has involved 393 randomized patients with the FPFV in January 2015 and 
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LPLV in September 2017. The DEEP-3 was a long-term observational safety study which eval-
uated the nature and incidence of adverse effects of deferiprone in children and adolescents 
with beta-thalassaemia major. Started in 2013, and ended in October 2015, with 297 patients 
enrolled in the study, it confirmed that the safety profile of deferiprone in children and ado-
lescents is in accordance with the available data in adults.

4.1. Regulatory 

The process for granting regulatory authorization in a multicentre multinational PCT is a big 
time-consuming factor. Every step (submission of PIP, study approval from CAs of every 
country and from ECs that can be country-specific or even local for the single centres as it is 
in Italy) can require several months to be completed. In addition, the legal approach is dif-
ferent among countries: each of them has its own rules governing the submission of CTs. On 
average, a large part of the regulatory bodies involved in the approval process asks for clarifi-
cations and/or changes regarding the study protocol, informative material, etc. In the case of 
DEEP-2, several issues raised on this topic.

In Tunisia, where trials on non-marketed drugs were not allowed on minors, a special authori-
sation from the Ministry of Health had to be granted before ECs could approve the study. In 
Albania, a national Law on clinical trials was absent until July 2014; therefore, it was much 
harder to obtain regulatory approval there. In Egypt, despite several requests, biological sam-
ples’ exportation for the centralized analyses was never authorized. In Cyprus, the eligibility 
of patients under 2 years of age was denied, notwithstanding the European regulation, since 
the study had already been approved in other European countries. For all these obstacles, it 
was crucial to have a dedicated regulatory team and to have appointed an external expert 
Ethics Board that could rapidly deal with all the actions required and solve correlated issues.

4.1.1. Ethics and safety 

Since ethical and safety issues are among the major concerns in PCTs, in order to ensure a 
good quality conduct of the study, with focus on the safety and wellbeing of the paediatric 
patients, a DSMC and an EB were established for DEEP-2 study. The DSMC’s main responsi-
bility was to ensure safety monitoring of patients and quality of statistical methods, whereas 
EB revised the essential documents and procedures dealing with ethical aspects such as (but 
not limited to) documents for the ECs, Consent and Assent Forms, protocols, results and 
reports from the studies. In particular, it suggested interventions aimed to protect children’s 
well-being both in the European and non-European Countries, and the use of studies results 
in favour of the affected populations. In addition, the EB worked in collaboration with the 
DSMC on all aspects of data protection and confidentiality.

4.1.2. Extra-European studies 

For studies outside Europe, national legislations in matter of clinical trials are still very differ-
ent, and cultural and social diversity affects a lot the common sense of ethics. This issue was 
faced in the DEEP-2 study. Actions taken to ease the management of the trial started from the 
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planning of the study. An initial survey was performed to define the legal framework regulat-
ing clinical trials in different countries. SOPs were setup and followed to implement a unique 
procedure and a unique CTA ‘package of documents’. Local CROs were employed that had 
the proper expertise together with the right awareness of socio-cultural and regulatory pecu-
liarities, as well as linguistic fluency. Majority of integrations were asked by the different 
ethics committees regarding the content of the informed consents and assents, and one of the 
most controversial and dependent on country-specific cultural influences was the topic of 
contraception and pregnancy (informative documents for Egyptian female adolescents could 
not include information regarding contraception, whereas for Greek patients, the insurance 
had to cover foetus damages even though contraceptive measures were explicitly mentioned 
in the informed consent form).

4.2. Patient-oriented perspective 

On the base of the ethical principles concerning patient’s proper information and engage-
ment [2, 30], age-tailored (<6, 7–11, 12–17) information booklets explaining CTs’ aims and 
procedures and what they are going to experience, and assent forms were prepared in the 
framework of the DEEP-2 study. They were the result of a collaborative effort between phar-
macologists, paediatricians, child psychologists, communicators and illustrators. Their aim 
was to inform the participant child on the study’s objectives and procedures and to obtain his/ 
her assent to participate in the study. They were translated in all the six languages of the clini-
cal sites included in the trial (Albanian, Arabic, English, French, Greek, Italian). Furthermore 
patients, parents and patients’ organisations were involved in creating the protocol informa-
tion package, actively participating in the revision of documents for the children and contrib-
uting in the design of the dissemination strategy.

The educational part of the study towards kids and families is very important for the partici-
pation and compliance; another aspect that would be beneficial, and thus it would be worthy 
to contemplate it in a study, is the communication to patients and families of the trial results. 
In this regard, in the context of the DEEP-2 study, strong importance will be given to the 
establishment of an adequate form of communication of the results specifically designed for 
laypersons, meaning that comprehension can be reached and further transmitted by involved 
subjects and their families. The main principles of the lay communication will be followed, 
with the design of a summary that can be understood by an audience from the age of 12 years 
upwards. A child-friendly version of the lay summary will also be prepared to help younger 
children in understanding trial results.

4.3. Selection of centres

As discussed above, the choice of investigation centres can have a huge impact on the out-
come of a PCT. A careful selection of the centres involved in the DEEP-2 study was aimed to 
involve centres complying with as many of the following criteria as possible: 

• being localized in a geographical area where epidemiology of the disease under study is 
high, and thus many patients can be approached;
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• availability of a Principal Investigator that has a relevant experience in GCP and PCTs, and 
is willing to collaborate with a proactive attitude;

• facilities necessary to perform all the diagnostics and procedures required by the study 
protocol present within the hospital/clinic;

• social and cultural features of the area in which the centre is located likely to allow a good 
understanding and acceptance of the study and of its requirements and characteristics.

4.4. Quality assurance 

As already extensively discussed, the number of patients in PCT is a very limiting factor. It 
is therefore very important that solid data are collected as far as possible from every single 
patient enrolled in a study. To this aim, the implementation of SOPs specifically designed for 
paediatric studies and compliance to GCP principles during the entire duration of the clini-
cal trial must be ensured. Proper training must be organized for all the staff involved, and 
constant monitoring of the activities has to be performed. The quality of the data derives also 
from a harmonized method of analysis. This can be achieved for example by the organized 
collection and analysis of samples by a centralized laboratory to rule out instrument’s devia-
tions and ensure standardized results.

Figure 2. DEEP-2 infrastructure. This schematic depicts the set of organizations and human resources employed for the 
conduct of DEEP-2 clinical trial in every country it was performed.
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This issue was properly addressed in the DEEP-2 study. SOPs were set-up and followed for all
the aspects of the trial. A complex trial infrastructure was arranged in order to fulfil all the GCP
requirements and promptly respond to all the possible issues and needs arising (Figure 2). This
infrastructure was made through a well-defined structure of roles and responsibilities for each
member of the staff.

Laboratories specialized in pharmacokinetics analysis and blood ferritin diagnostics, were 
employed for the centralized assessment of these parameters.

In reference to the centralized evaluation of ferritin analysis, a second laboratory was identified
within Egypt area due to the impossibility to export biological samples from Egypt which, with
its three investigation sites (Alexandria, Cairo and Zagazig), retained almost the 40% of the total
samples collected from patients recruited in the entire study. Consistency of data obtained in the
two laboratories was ensured using standard controls in both sites for all the analyses performed.

A central laboratory in Australia was assigned for the analysis of images of hepatic R2 and 
cardiac T2* MRIs acquired and transmitted by the investigation sites. The proper calibration 
of MRI machines in every centre was ensured with the use of phantoms delivered to the 
investigation sites.

5. Conclusions 

Notwithstanding its important and noble meaning and the possible benefits deriving from its
successful conclusion for either society and sponsors, the conduction of PCTs is a path under-
mined by obstacles and deterrents. We reported the example of DEEP, a European research
Project (FP7) coordinated by CVBF and recently concluded. DEEP’s final aim was to produce and
get the authorization for a new oral liquid formulation of deferiprone with a paediatric indication
and to extend the information available on deferiprone in iron-overloaded paediatric patients.

Although successfully completed, many issues had to be faced, and deviations from the ini-
tially planned study were the inevitable consequence of the strategies implemented to over-
come them.

The first protocol’s version reported a population’s size of 310 evaluable patients needed for 
getting statistical significance of data. The estimated drop-out rate was 10%, so the calculated 
number of total patients to be recruited was 344. When the study started, it became clear that 
the actual percentage of drop-out was higher, so the protocol had to be amended, and the new 
number of patients to be recruited was increased to 388.

Because of the higher number of patients required, to the initial 15 centres selected for the con-
duct of the study, other 8 centres had to be added to allow the recruitment of the 388 patients 
needed. In actual facts, at the end of the study, 393 patients were randomized, of whom 316 
completed the study.

The enrolment rate of patients at different sites was really heterogeneous. In particular, the 
involvement of two centres respectively in Cairo and Tunis allowed a tremendous number of 
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patients to be recruited because of the high epidemiology of haemoglobinopathies in those 
countries. On the other hand, in other countries like Greece and Italy, the same successful 
recruitment rate was not achieved in the same way; possible explanations are a superior dif-
fusion of the prenatal prevention and the presence of more parallel paediatric studies, which 
have caused a further shrinking of the eligible population.

All the above-mentioned variation to the trial caused an increase in times and costs that were 
not easily accepted by the European Commission who was funding the initial study program: 
while a 20 months’ project extension was agreed, no additional resources were granted. This 
caused a tremendous financial stress to all the 16 private and public partners involved in the 
project (most of them big public hospitals) and only thanks to the contribution from the same 
partners participating to the project, it was possible to efficaciously conclude it. The antici-
pated cost of the overall project increased from 7 to 10 million euros.

The study was supposed to be conducted in 3 years, but it took instead 4.5 years in total, plus 
preliminary activities form PIP submission to study protocol drafting: their duration was sup-
posed to be 1 year long, but it took 3 years instead.

In this chapter, we tried to give the reader a more detailed overview of what obstacles can be 
encountered during the conduction of a paediatric clinical trial and suggested feasible ways 
to deal with them, hoping that this under-developed branch of the pharmaceutical research 
may grow further, providing challenges and opportunities for the next future, and may lead 
to the successful labelling of new treatments for the paediatric population.
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1. Introduction: patient empowerment and involvement 

In 1998, the World Health Organization (WHO) released the second edition of the WHO 
Health Promotion Glossary, where, for the first time, the concept of “Empowerment of the 
health” was described [1]. WHO defines empowerment as “a process through which people 
gain greater control over decisions and actions affecting their health.” In addition, the docu-
ment makes a difference between community or individual empowerment according to the 
involvement of individuals acting for themselves or collectively to influence social, economic, 
and physical conditions impacting their health and quality of life. The WHO Glossary goes 
on underling that this process, which can be social, cultural, psychological, or political, allows 
individual or social groups to shed light on what are their needs making clearer what are the 
efforts required to achieve their goals in life. In this context, the WHO definition also includes 
a description of health promotion as the process able to create the favorable conditions to con-
vert efforts of individuals and groups into health outcomes as described above [1].

Actually, the concept of empowerment is somewhat complex and includes several psycho-
logical and social components that, over the last years, have been studied empirically. In par-
ticular, Peter Schulz and Kent Nakamoto underlined the need to distinguish and separate the 
concepts of empowerment and high health literacy. They are often mismatched, but it is nec-
essary to recognize that they are conceptually and empirically distinct. High literacy, in fact, 
does not necessarily entail empowerment and vice versa. Furthermore, in order to be sure that 
the empowerment process is successful, it is important to have both a high literacy and a high 
degree of mastery. At the same time, the impacts of health literacy and patient empowerment 
are deeply intertwined, considering that the prevalence of one of them could bring to nonop-
timal health outcomes: high levels of health literacy without an adequate degree of patient 
empowerment can make the patient too dependent on health professionals; while, on the 
contrary, high degree of empowerment may bring to unsafe health choices if not associated 
with an appropriate level of health literacy (Figure 1).

Finally, the achievement of empowerment by the patient depends on some personal abilities 
as well as the environmental conditions. In fact, some life skills of the patient, such as the scien-
tific approach and the wisdom, are fundamental to acquire the proper knowledge to interact 
with their healthcare provider. On the other hand, it is essential that the external environment 
stimulates the patient propensity to be an active protagonist of the healthcare process. The 

Figure 1. Relationship between empowerment and health literacy.
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healthcare provider should encourage the patients to participate in the care process, avoiding 
that the patient acts as a passive user.

Overall, four components have been identified as being fundamental to the process of patient 
empowerment: (1) acquisition by patients of sufficient knowledge to be able to engage with 
their healthcare provider, (2) patient skills, (3) the presence of a facilitating environment, and 
(4) understanding by the patient of his/her role.

The transition from empowerment to patient involvement implies an important change of 
attitude: healthcare actors are no longer giving patients their information and allowing them 
to control the outcomes, but rather they are now actively working to engage patients in their 
healthcare. In particular, patient participation refers to the involvement of the patient in deci-
sion-making or expressing opinions about different treatment methods, which includes shar-
ing information, feelings, and signs, and accepting health team instructions. As a result, the 
focus has gone from a patient-driven process to a healthcare provider-driven one.

Generally, several studies and European initiatives carried out over the last years have 
revealed that such patient-centered approach may raise the adequacy of exams and care and 
reduce the risk of litigation and expenses [2].

2. Patient empowerment: a new frontier in the European scenario 

2.1. The European Patients’ Academy on therapeutic innovation (EUPATI) 

In Europe, the patient-focus approach is becoming a key point in the decision-making pro-
cess related to the clinical research and an important element of pharma companies’ business 
models and research ethics committees who advocate for the protection of patients in clinical 
trials. It requires new strategies, new organizational structures, and a culture change across 
the pharma sector as well as a direct link with patient experts who are capable of providing 
advice on the value of treatments and on what health outcomes are relevant to patients.

Over the last years, in fact, several initiatives have been carried out with the scope to sensi-
tize the clinical world and encourage the patient involvement in the clinical research. One 
of the most significant initiatives is the European Patients’ Academy (EUPATI) [3], funded 
within “Call 3″ of the Innovative Medicines Initiative (IMI) in the period from February 2012 
to January 2017, with the scope to prompt a major reflection on the importance of the patient 
involvement in the medicines development process. EUPATI is a Paneuropean project imple-
mented as a public-private partnership by a collaborative multistakeholder consortium from 
the pharmaceutical industry, academia, not-for-profit, and patient organizations. Its main 
activities include the education and training on medicines development, clinical trials, medi-
cines regulations, and health technology assessment, to increase the capacity of patients to 
understand and contribute to medicines research and development and even improve the 
availability of objective, reliable, patient-friendly information for the public. For this purpose, 
EUPATI provides several tools for the patients training such as the toolbox medicine devel-
opment and English language patient expert training courses. EUPATI’s interest in raising 
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awareness of the clinical world on the patient empowerment has led to the launch of a public 
consultation, which ended in September 2016 with the release of the EUPATI guidance for 
patient involvement in the medicines research and development process [4]. Each guidance 
suggests an area where at present there are opportunities for patient involvement, and in 
particular:

• industry-led medicines R&D,

• ethical review of clinical trials, 

• regulatory processes, 

• health technology assessment (HTA).

The necessity to have a clear guidance on patient involvement in different areas of the medicines
development process originates from some needs and lacks in the clinical research, such as:

• existing code of trial conduct does not describe the involvement of the patients,

• patients and patients’ organizations should be involved proactively during early discov-
ery, development, and postapproval stages and not only in the clinical development,

• overarching guidance on meaningful and ethical interaction is missing.

For these reasons, the guidance is devoted to provide recommendations for all stakeholders 
aiming to interact with patients, for example by delivering a clear and complete definition of 
“patient” (patients, carers/family representatives, expert patient advocates, etc.), establishing 
the operating procedures for a long-term interaction and explaining the key elements of a 
written collaboration agreement.

In particular, the guidance provides the following definitions:

• “Individual patients” are persons whose main contribution is represented by their per-
sonal experience of a disease or treatment regardless of whether they may or may not have 
specific knowledge in the medicine research and development process.

• With personal experience of living with a disease, they may or may not have technical 
knowledge in “Carers” who are paid or volunteer persons helping “individual patients.”

• “Patient advocates” are persons who have knowledge and competences to gather patients 
living with a specific disease and to support them regardless if they may or may not be af-
filiated with an organization.

• “Patient organization representatives” are persons within a patient organization on a spe-
cific disease or issue, who have been designated to represent the point of view of the orga-
nization itself.

• “Patient experts” are patients with experience of living with a specific disease that, differ-
ently from “individual patients,” have also specific knowledge in research and development
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(R&D) and/or regulatory affairs achieved through training activities such as courses pro-
vided by EUPATI on the full spectrum of medicines R&D.

All these procedures are aimed to draw on patient knowledge and experience and under-
stand what it is like to live with a specific condition, how care is administered, and the day-
to-day use of the medicines. As a result, they allow to incorporate patient needs and priorities 
in an optimized drug development process as well as to achieve a constructive dialog with 
the patient and a functional exchange of information, fundamental to speed up a successful 
clinical process.

2.2. Summaries of clinical trial results for laypersons 

On April 16, 2014, the European Parliament and the Council of the European Union (EU) 
released the Regulation EU No 536/2014 [5] on clinical trials on medicinal products for human 
use, to ensure that the rules for conducting clinical trials are identical through the EU. The aim 
of the Clinical Trial Regulation is to favor the conduction of the clinical trials in accordance 
with the highest standards of patient safety for all the EU Member States. These goals are 
achieved through some harmonized procedures for authorization, specific sponsor obliga-
tions, and simplified reporting procedures. Furthermore, such regulation foresees a section 
dedicated to communication of the results to patients. In particular, the article 37 requires 
sponsors to provide summary results of clinical trials in the EU Portal and Database in a for-
mat understandable to laypersons and the Annex V of the regulation outlines 10 elements that 
must be considered in the lay summary writing.

In this context, from June 1, 2016 to August 31, 2016, the Directorate General for Health and 
Food Safety, DG SANTE launched a public consultation on the “Summary of Clinical Trial 
Results for Laypersons,” developed by the expert group on clinical trials, in order to collect 
comments and suggestions by all the stakeholders involved in clinical research to implement 
the Clinical Trials Regulation (EU) No 536/2014. The main objective of this document is to 
provide recommendations and templates for the production of a summary of clinical trial 
results for laypersons by sponsors and investigators, in accordance with Annex V of the EU 
Clinical Trials Regulation. Despite not mandatory, this document intends to make the sum-
maries more accessible to the lay persons.

The recommendations of the clinical trials expert group on the “Summaries of Clinical 
Trial Results for Laypersons” [6], which have been published on January 2017 in EudraLex 
Volume 10, Chapter V, provide the following principles:

• develop the summary for a general public audience and do not assume any prior knowl-
edge of the trial, 

• develop the layout and content for each section in terms of style, language, and literacy 
level to meet the needs of the general public,

• keep the document as short as possible,

• focus on unambiguous, factual information,
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• ensure that no promotional content is included,

• follow health literacy and numeracy principles, and

• consider involving patients, patient representatives, or advocates in the development and 
review of the summary information to ensure that it truly meets their needs.

In particular, the document provides detailed information about the health literacy level to con-
sider in the summary, the readability specifying the size of the serif font, and the use of plain
language, numeracy, and visuals. As the International Adult Literacy Survey identifies five levels
of proficiency ranging from level 1 (lowest level) to level 5 (highest level), the document suggests
that the text should be suitable for people with a low/medium average level of literacy (level 2 or 3).
However, as readability scores are useful but not in themselves enough to ensure that a text is
easy to understand, sponsors should consider, where feasible, testing the readability of an initial
version of the study results’ summary with a small number of people who represent the target
population. Depending on the nature of the study, this could be patients with a particular disease
or it could be members of the public. For example, studies, which affect the general public such as
vaccine studies, would benefit from input from members of the public rather than patients. Their
feedback and suggestions can be crucial in developing a summary that lay people will understand.

Moreover, the Annex I of the recommendations offers the templates with user-friendly equiv-
alent headings, useful to prepare the summary, and even giving examples of wording more 
comprehensible for the target population.

Despite all attempts of increased awareness for the patient involvement in clinical research, 
rarely these initiatives pay attention to the pediatric population.

Children’s active participation in the decision-making process is necessary not only in the 
daily clinical practice, but also and especially in all the activities related to the development 
and use of drugs. In the last years, the idea that children’s preferences should always be taken 
into consideration is also agreed upon among parents. For this reason, healthcare profession-
als have to consider children and families’ active participation as a fundamental step to reach 
consensus and compliance to treatments and research.

Furthermore, in 2012, following a large consultation phase, the Pediatric Committee (PDCO) 
issued a “concept paper on the involvement of children and young people” in its activities, 
with the children’s best interests as primary consideration [7]. It has to be also highlighted 
that the setup of a child-friendly approach implies a collaborative and continuous action 
involving pediatricians and healthcare professionals, psychologists, families, and children.

Children and parents should be involved not only in the revision of clinical study protocols 
but also during the whole study development. Finally, it is necessary to recognize that a stan-
dard model of information is not valid for all age groups, above all for extreme groups.

2.3. Ethical considerations for clinical trials on medicinal products conducted with 
minors 

The need to involve children actively in the decision-making process related to a clinical trial
is clearly underlined also in the updating guideline “Ethical considerations for clinical trials
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on medicinal products conducted with minors” [8]. The document was released by a group
chaired by the European Commission with the aim to develop guidelines to implement the
Directive 2001/20/EC relating to good clinical practice in the conduct of clinical trials on medic-
inal products for human use. The document, opened for consultation from June to August
2016, provides recommendations on various ethical aspects of clinical trials performed in chil-
dren from birth up to the legal age of adulthood and will contribute to the protection of all
children who are the subject of clinical trials.

Moreover, it underlines that “the investigator and protocol writer should ensure that there is 
involvement of children (suffering from the relevant condition) and families in the develop-
ment of informative material and where feasible, also in the design, analysis, and conduct 
of the trial.” Consequently, even if the pediatric population is not specifically cited by the 
EU Clinical Trials Regulation 536/2014 (Article 37) requiring sponsors to provide summary 
results of clinical trials in a format understandable to laypersons, children cannot be excluded 
by the advantages of this obligation.

By definition, children (minors) are unable to consent (in the legal sense), but they should be 
involved in the process of informed consent as much as possible, using appropriate age infor-
mation. In the ethical review, in fact, drawing on the pediatric expertise allows to balance the 
benefits, risks, and burden of research in minors. Moreover, the difference between minors 
and adults as research participants has implications on the design, conduct, and analysis of 
trials, which should also include pediatric expertise.

The Regulation EU 536/2014 provides a series of definitions in order to clarify some important 
concepts for the patient interaction and patient involvement and in particular the age groups. 
Defining the age range is necessary to have a guidance regarding the proper involvement of 
minors of different ages in the informed consent process. Subsets of the pediatric popula-
tion as defined in ICH E11 (ICH Harmonized Tripartite Guideline—Clinical Investigation 
of Medicinal Products in the Pediatric Population E11) [9] are partially adopted, and the age 
groups of 2–11 years and 12–17 years have been redefined as follows:

• preschoolers (2–5 years)

• schoolers (6–9 years)

• adolescents (from the age of 10 up to but not including above 18 years)

Regardless of the age and with an appropriate communication, the clinical trial regulation 
states that the child should be involved in the process of informed consent. The article 2 of 
clinical trial regulation defines the “Informed consent” as the document expressing the will 
of a subject to participate in a particular clinical trial; the subject, after having received infor-
mation on all the aspects of the clinical trial in which he/she will be involved, expresses his/
her decision in a free and voluntary way. In case of minors and of incapacitated subjects, it 
is intended as an authorization or agreement from their legally designated representative to 
include them in the clinical trial [5].

Moreover, the article 29(8) of the clinical trials regulation adds that also a minor should assent 
firsthand to participate in the clinical trial in cases in which he/she is capable of forming an 
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opinion and evaluating the information received, without prejudice to national law and in 
addition to the informed consent signed by the legally designated representative [5]. The 
ethical considerations document supports and highlights the legal value of the assent, sug-
gesting that assent should be understood as a legally required expression of the minor’s will 
to participate in a clinical trial, dependent on Member State law. According to this view, the 
assent should be considered in the same way as the consent of the parents/legally designated 
representative since it expresses with legal value the willingness of the child to participate in 
the clinical trial [8]. However, a minor who expresses the assent to join to a clinical trial cannot 
participate in it in absence of the informed consent signed by the parents/legally designated 
representative [8]. In addition, the consultation document introduces the term agreement, 
used in accordance with the term “assent,” to describe the expression of will to participate in 
a clinical study given by the minor. The document also recommends systematically requiring 
the agreement when it is not legally mandatory and explains that the modalities to obtain it, 
in contrast to the legally required assent, are not age dependent but are related only to the [8]. 
If the minor is considered not mature enough to express his/her will to participate in a con-
scious manner, the lack of agreement does not necessarily mean the child will not participate 
in the clinical trial. However, dissent should be taken into due account in line with Article 
32(1c) of the clinical trial regulation, when the minor, despite having proven his/her maturity, 
expresses his/her will not to participate [8].

Another important aspect discussed in the document is the importance to estimate to what 
extent a child is able to provide agreement. It is recommended to consider not only the chron-
ological age, but also and especially the developmental stage, intellectual capacities, and 
life/disease experiences of the minor. The evaluation should be made after a careful discus-
sion among the investigator, the parents/legally designated representative, and the child [8].

3. Patient and public involvement: the role of advocacy 

Patient and public involvement (PPI) represents the active involvement of patients and/or indi-
viduals from the general population in scientific research with the aim to enhance quality and
relevance of the research itself. Indeed, PPI strategies have shown in the last year to be key instru-
ments to improve the conduction, the communication, and the prioritization of the research.

The involvement of service users in research has risen internationally, with patients’ engage-
ment in all the aspects of health and social care research. PPI plans have been included suc-
cessfully in many clinical trial grant applications foreseeing patients’ engagement in all the 
phases of clinical research: initial stages, undertaking phase, analysis and write-up, dissemi-
nation, and implementation [10].

Jo Brett et al. [11] carried out a systematic search of electronic databases and health libraries 
to identify the impact of PPI on health and social care research. The authors pointed out that 
PPI can have positive impact on research, enhancing its quality and ensuring its appropriate-
ness and relevance. They also suggested that PPI strategies, to engage users in the initial stage 
of a medical research, are to be preferred since patients and lay people involvement in this 
step can shape the entire study and, users may have more freedom to influence the aims and 
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methods of the study. Moreover, they underlined that a clear definition of the roles of all the 
professionals and users involved through a precise planning and procedure, and training 
activities are important factors determining the success of the PPI.

Also, challenges to the development of plans for PPI have been described including issues
regarding their purpose, difficulties in ensuring sufficient resources and in the recruitment
of service users, the long-term commitment needed from service users, and the time and cost
limits imposed on studies. Nonetheless, all the challenges mentioned above can be avoided by
a precise planning of the PPI strategy, especially in the early stage of a proposed study [10, 11].

Among the current policies to encourage public involvement, strategies based on the concept 
of advocacy are spreading all over the world.

The World Health Organization (WHO) gave a definition of Advocacy for Health in the 
Health Promotion Glossary published in 1998 as “a combination of individual and social 
actions designed to gain political commitment, policy support, social acceptance, and system 
support for a particular health goal or program” [1].

According to this definition, advocacy stands for acting or doing something to influence pri-
vate and public policy choices’ in order to achieve an individual or community objective.

Advocacy is one of the three strategies underpinning health promotion as described in the 
WHO Health Promotion Glossary mentioned above, and many strategies have been described 
to reach this goal including the use of the mass media and multimedia, direct political lobby-
ing, and community mobilization through, for example, coalitions of interests around defined 
issues.

3.1. An innovative approach for the patient involvement: advisory groups in 
pediatric clinical research 

When it comes to consider patient’s involvement in the pediatric field, more challenges have 
to be faced since the engagement of children requires appropriate means and language and it 
is also necessary to take into due account all the relevant legal and ethical aspects.

Despite these challenges, children have the right to be involved and informed, to know in 
advance which medicines they need and why and to get access to the resulting evidence-
based medicinal products. Their point of view has to be taken into due account in the design 
and planning of a clinical study, and they should be allowed to express their own views and 
granted the right to participate in the decision-making process concerning their own health.

An innovative approach for the patients’ involvement in pediatric clinical research is rep-
resented by the Young Persons Advisory Groups widespread through the world. A Young
Persons Advisory Group (YPAG) is an organization composed of youths, patients, carers, and
people interested in a health condition or in research, actively participating as partners, advising 
researchers and their teams in a full range of activities in various research projects and initiatives.

After educational and training activities, the youths become able to help researchers in trial 
design, prioritizing future researches, improving communication with the target population, 
and increase awareness on clinical research through the different means of communication.
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Many advisory groups have been founded, and all together they constitute the International 
Children’s Advisory Network (iCAN) [12], a worldwide consortium of children’s advisory 
groups or chapters working together to provide a voice for children and families in health, 
medicine, research, and innovation through synergy, communication, and collaboration. 
Within the consortium, various types of groups can be described, all working together for 
advocacy purposes in pediatric medicines:

• Kids and families impacting disease through science, (KIDS): Advisory groups of chil-
dren, adolescents, and families focused on understanding, communicating, and improving 
the process of medical innovation for children. KIDS groups have been created in Con-
necticut, Georgia, Missouri, Ohio, Illinois, Michigan, Texas, Florida, Barcelona, Australia, 
France, and recently in Italy and Albania.

• Young Persons Advisory Groups: a set-up in Great Britain (Liverpool, Birmingham, Lon-
don, Bristol, and Nottingham) as Generation R [13] with the aim to increase the input and 
influence of children and their families or carers into the development of clinical research.

• Kids Can (Vancouver): promoting a direct engagement of young people in research and 
the ScotCRN Young Persons Group (Scotland) aimed to support clinical research to im-
prove the safety and efficacy of children’s medicines and healthcare.

Advocating for children in healthcare globally is the main purpose of the network as well as 
taking into due account the children and families’ needs and willingness in health, research, 
medicine, and innovation in order to improve clinical research. iCAN’s chapters work both 
locally in partnership with their local children’s hospitals and communities and collaborate 
together network-wide to have a global impact.

Their slogan is: Together, we can improve the future of pediatric medicine!

The European chapters of iCAN (KIDS Barcelona, YPAG Birmingham, YPAG Bristol,
KIDS France, YPAG Liverpool, YPAG London, YPAG Nottingham, YPAG Scotland) have
recently established a European YPAGs’ network, or eYPAGnet [14], under the coordina-
tion of Hospital Sant Joan de Déu (Barcelona) as part of the iCAN umbrella organization.
This network arose from the need, recognized by the Enpr-EMA (European Network of
Pediatric Research at the European Medicines Agency), to promote cooperation among
European groups with the mission to improve the capacity of collaboration with the dif-
ferent actors who participate in the research and development process of innovative drugs
in Europe.

Enpr-EMA has promoted several actions with the aim to foster engagement of young people
and families in clinical research. A survey on the involvement of young people and family mem-
bers in Enpr-EMA pediatric research networks was launched in August 2012 and highlighted
that only three out of the 39 networks participating to the survey had developed strategies or
guidelines for the involvement of young people and families. A second survey was conducted
in November 2016 to investigate the point of view of the Pediatric Committee (PDCO) members
in relation to the involvement of young people and families in the activities of the Committee.
Moreover, a working group on young patient advisory groups has been established in order to
develop harmonized procedures for a more European-oriented approach of YPAGs.
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The working group has launched two surveys to investigate the characteristics of the exist-
ing YPAGs with the final aim to create a European network of young advisory groups and to 
define the best practices to address issues in the framework of the EU multilanguage YPAGs. 
Within these initiatives, eYPAGnet has been created and admitted, during 2017 annual meet-
ing, as member of Enpr-EMA of category 4.

Among the main scopes of eYPAGnet, there are development of clinical research initiatives and
empowerment training programs for children on a European level and the promotion of new chap-
ters’ set-up. Indeed, since June 2017, two new chapters, KIDS Bari and KIDS Albania have been
created in Europe and are coordinated by Consorzio per Valutazioni Biologiche e Farmacologiche
(CVBF) and the TEDDY Network (European Network of Excellence for Pediatric Clinical Research).

CVBF is a not-for-profit organization aimed to perform research in life science at European 
level with a special focus on drug development for small populations (pediatric and rare 
diseases). It provides scientific, economic, and regulatory consultancy in pediatric clinical 
research and a research management support in national and international research projects. 
Particular interest is given to promote educational activities supporting the consortium’s 
areas of expertise and to favor knowledge and access to the results of biomedical research 
and accelerate their use by patients. The consortium has developed a considerable expertise 
in communication and dissemination field, leading and managing these activities in several 
EU-funded projects (GAPP, DEEP, CloSed, and InNerMeD).

The TEDDY Network was born as an EC-FP6-funded Network of Excellence (NoE) and now 
is an independent multidisciplinary and multinational network including 50 members in 20 
EU and non-EU countries aimed to favor the integration of the pediatric pharmacological 
research activities, the implementation of adequate health policies, and a social awareness 
on the importance of the pediatric medicines across Europe covering different specialty areas 
(hematology, oncology, infectious diseases, respiratory diseases, intensive care, pain, endocri-
nology, rare diseases, neonatology, etc.).

TEDDY is a category 1 network member of Enpr-EMA and collaborates with existing pedi-
atric networks and research organizations with the goal to promote and foster scientific and 
technological excellence in the pediatric research in Europe.

3.2. Advisory group contribution in pediatric clinical research 

Existing advisory groups and initiatives have shown to be an effective form of patient and 
public involvement in the pediatric field providing fresh perspectives on pediatric clinical 
research and promoting changes of attitudes about the involvement of young people in all the 
aspects of medicines research.

The activities carried out by all the advisory groups across the world are aimed at contribut-
ing to raise awareness of the importance of patient and public involvement in the develop-
ment of research trial.

The education and, in particular, the peer education is a fundamental aspect of the advocacy
strategy. The peer education is an educational approach, recommended by modern development
psychology, based on teaching and sharing information, values, and behavior relating to health
promotion among lay people. Through this approach, advocacy groups aim to provide children
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and families with resources and opportunities to express their feedback and inputs about studies
and products intended for children.

iCAN is a free resource available to any organization, company, or group, which seeks the input
of children and families in their projects. iCAN chapters utilize online-based surveys, focus
groups, forums, and more to engage all of the youth advisory groups in their network to provide
specific feedback about clinical trials or any other process of medical innovation for children.

Moreover, many groups work on research projects on their own and participate in science 
conferences to disseminate their results and to highlight the importance of their involvement 
in research. Just to mention some examples of projects carried out by iCAN chapters, Kids 
Can developed a mobile application “Mobile Kids” [15] to encourage physical activity in kids 
aged between 8 and 13 years with the use of mobile technology.

Kids Can and Kids Connecticut participated in the development of guidelines aimed to stan-
dardize reporting of clinical trial protocol (SPIRIT-C) [16] and trial reports (CONSORT-C) [17] 
across pediatric studies.

Members of US, Canada, and UK young patients’ advisory groups provided their contribu-
tion responding to a survey launched by the Global Alliance for Pediatric Therapeutics Assent 
Project [18], a project aimed to evaluate current practices, challenges, and unmet needs associ-
ated with the achievement of pediatric assent for clinical trials.

KIDS Barcelona group provided recommendations [19] to be taken into account by the sponsor
of a clinical trial and ethics committee of the research center to make the assent form more under-
standable for children. The recommendations are collected in a guideline, available in Spanish
and English, approved by iCAN and EUPATI and included in the guidelines for the design of a
pediatric clinical trial by Agencia Española de Medicamentos y Productos Sanitarios (AEMPS).
Moreover, the Spanish group has developed a series of eight different funny comics [20] to 
explain several matters of the clinical research using a language more familiar for the children.

Furthermore, YPAGs have given their useful contribution in the revision of informed consent/
assent template prepared by Enpr-EMA within the activities of the working group 4 on eth-
ics providing their thoughts and ideas to make the template more understandable by a wide 
range of ages.

By many activities and initiatives performed, the young advisor groups spread all over the 
world are able to help the professionals involved in the clinical trials to overcome some tough 
issues of the clinical research. For example, they could help to open and complete on time 
the trials or could improve the recruitment of patients to the agreed target and the retention 
of patients to completion. In general, through the YPAGs, the clinicians involved in the trials 
could meet the needs of the patients, designing the study according to their necessities.

4. Patient-centered approach to improve pediatric clinical research: 
some good practices 

It is universally established that written communication, combined with verbal interaction, 
may enhance children’s understanding of their participation in a clinical research [21] as well 
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as the contents and styles of documents addressed to children are elements that largely influ-
ence their understanding of written documents.

As an example, it has been demonstrated that the use of pictures, following appropriate rec-
ommendations, improves the quality of communication, especially for patients with very low 
literacy skills. However, available data and publications show that ad hoc informative strate-
gies for empowering minors in clinical trials are rarely produced. In addition, the difficulty 
increases in multicenter trials, involving countries with different cultural and educational 
backgrounds.

This is the assumption at the basis of the development of age-tailored information booklets,
assent forms, and videos prepared in the framework of the DEferiprone Evaluation in Pediatrics
[22] (DEEP) and GAbapentin in Pediatric Pain [23] (GAPP) projects, two EC-FP7 funded proj-
ects coordinated by Consorzio per Valutazioni Biologiche e Farmacologiche (CVBF).

All the materials have been developed with a language and a wording appropriate to age, 
psychological and intellectual maturity, taking into account the cultural and linguistic dif-
ferences, in a collaborative effort among pharmacologists, pediatricians, child psychologists, 
and illustrators.

In the framework of the GAPP project, aimed to confirm the efficacy and safety of gabapentin 
in pediatric patients affected by chronic pain with a neuropathic component, three booklets 
and two videos (Figure 2) have been created to inform the child participant on the study 
objectives and procedures. Two assent forms have been released to obtain his/her consent to 

Figure 2. GAPP projects’ video: in the framework of the GAPP project activities, two videos have been developed to 
inform the child participant on the study objectives and procedures according to two age ranges (for children on the top 
and for teenagers on the bottom).
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Figure 3. DEEP project booklets: the pages extracted from the three booklets, developed for three different age ranges 
(age range 0–6, 6–10, and 10–17, respectively, in the top, middle, and bottom pages), explain how the clinical trial will 
be carried out.

participate in the study. A patient diary has also been developed to register specific daily data 
on the use of the Investigational Medicinal Products (IMPs), rescue and concomitant medica-
tion, pain scores, and adverse effects when the patient is at home. It also contains instructions 
for the use of the IMP, troubleshooting, and contact details of the study’s medical staff.

For the young participants of the DEEP project, aimed to marketing a new formulation of
deferiprone for the treatment of iron overload in pediatric patients affected by congenital
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anemia, three different booklets (Figure 3) explaining clinical trial aims and procedures
and what they are going to experience, and two different assent forms were prepared.
For both projects, all these informative materials are available in all the languages of the
project.

Informative videos (a spoonful of info helps the medicine go down) [24], specifically addressed 
to children between 4 and 7 years old explaining some main concepts on drugs and their 
use, have also been developed by the TEDDY Network of Excellence for Pediatric Clinical 
Research within the empowerment activities addressed to young patients in the healthcare 
field.

5. Conclusions 

There is a need to change attitudes in order to make the patients’ empowerment a priority 
in the clinical research field. Patients have to take an active role in activities or decisions that 
will have consequences for the patient community, because of their specific knowledge and 
relevant experience as patients. Children’s active participation in the decision-making pro-
cess is needed not only in the daily clinical practice, but also in all the activities related to the 
development and use of drugs. Minor shall take part in the informed consent procedure in a 
way adapted to his/her age and mental maturity.

Patients/families need to be considered as “co-managers” of their condition and participate in 
decisions related to their healthcare according to their capacity. Moreover, patients (individu-
ally and) collectively have to play a role in improving healthcare services for all patients by 
contributing with their specific experiences as learning and educational tools to inform and 
(re-) design of services.

However, the involvement must be planned, appropriately resourced, carried out, and evalu-
ated as to its outcomes, impact, and the process itself, according to the values and purposes 
of all participants. Engaging children early in the research process and educating the world 
about the importance of participating in clinical research could increase the level of participa-
tion in pediatric clinical trials, thus reducing the patients’ retention and fostering treatment 
compliance. Moreover, a patient-centered approach can improve the capacity of collaboration 
with the different agents, who participate in the research process and in the development of 
innovative drugs.
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Abstract

This chapter will review the unique aspects and limitations of the design of phase I/II
(safety and efficacy) clinical trials of stem cell therapy. Although the classical pharmaco-
logic principles applicable to drugs are not applicable to biologic (live cell) therapeutic
agents, an important stage in the development of any new therapeutic agent is the
establishment of an optimal dosage and delivery route. This can be particularly chal-
lenging when the treatment is a biologic agent, such as stem cells, that may exert its
therapeutic effects via complex or poorly understood mechanisms. To date, clinical
studies have shown inconsistent findings regarding the relationship between cell dose
and clinical outcomes. This can be at least partially attributed to variations in donor cell
type, source, characteristics, dosing/concentration, delivery route, underlying mecha-
nisms of action, and efficacy endpoints tested. The current recommendations will be
reviewed herein to give new investigators a general understanding of the unique issues
that need to be considered and addressed when designing a stem cell therapy phase I/II
clinical trial.

Keywords: phase I/II clinical trial, regenerative medicine, stem cells

1. Introduction

The past decade has witnessed the exciting development of novel stem cell therapies aimed at
regenerating or restoring organ function. Preclinical and pilot studies using stem cells derived
from a variety of tissue sources have led to the conduct of phase I/II clinical trials for chronic
diseases, formerly thought to be incurable. Systems currently targeted for stem cell therapy
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include cardiovascular, neurologic, pulmonary, autoimmune and liver diseases, as well as 
diabetes, frailty, and cutaneous wounds, among others [1–20]. In cardiovascular diseases, 
preclinical studies have served to provide feasibility, safety, and, importantly, mechanistic 
insights [21–27], whereas phase I/II studies have provided evidence, in the short-term, of the 
safety and efficacy of autologous and allogeneic bone marrow-derived mesenchymal stem 
cells (MSCs) [1, 2, 6, 18, 28, 29], autologous bone marrow and peripheral CD34+ stem cells 
[30, 31], and autologous cardiac-derived stem cells [32–34] in humans. Nevertheless, studies 
are lacking comparing the efficacy and sustainability of the various different cell types, as well 
as identifying the most effective dose, time of delivery, and route of administration. Other 
important questions that remain to be investigated are whether concurrent pharmacologic 
treatments beneficially or adversely interact with the various cell therapies and whether cell 
therapy increases the risk for opportunistic infections or malignancy development or progres-
sion [27, 35, 36]. Only through the rigorous conduct of large, multicenter clinical trials that 
include well-defined clinical endpoints and outcomes, a longer duration of follow up (years) 
and larger number of patients can these questions be addressed [37]. Of note, new biological 
therapeutic strategies, such as stem cell therapy, necessitates new evaluations tools that eluci-
date mechanisms of action and measure clinically relevant outcomes. From cell type to dosing, 
timing, and delivery as well as evaluating safety and clinical efficacy, stem cell therapy pro-
vides both unique opportunities and challenges in our quest to develop effective and sustain-
able therapeutic strategies for cardiovascular diseases as well as other chronic and disabling 
conditions [37]. 

Successful stem cell based therapy involves a complex orchestration of events, including 
engraftment and differentiation as well as secretion of bioactive molecules that inhibit apopto-
sis and fibrosis and stimulate neovascularization and endogenous stem cell recruitment, pro-
liferation, and differentiation [35, 38, 39]. Notably, existing mechanistic studies support the 
importance of cell–cell interactions between MSCs and host cells within stem cell niches, which 
provide structural support and produce the soluble signals that regulate stem cell function in 
tissues [21, 24, 25, 39, 40]. This enhanced phenotypic and mechanistic understanding of the 
underpinnings of stem cell based therapy can be harnessed for improved clinical trial design as 
well as for development of newer generations of cellular as well as new molecular products 
that have greater efficacy and sustainability [36, 37]. 

This chapter will provide a general understanding of the unique issues that need to be 
considered and addressed when designing a phase I/II (safety and efficacy) stem cell therapy 
clinical trial for cardiovascular disease. The concepts are applicable to other chronic diseases 
for which stem cell therapeutic approaches are being developed and investigated [19]. For 
instance, the use of cells as therapeutic agents differs in significant ways from the established 
principles of pharmacokinetics and pharmacodynamics utilized in pharmacology. An impor-
tant stage in the development of any new therapeutic agent is the establishment of an 
optimal dose and route of administration [29, 36]. Biologic therapies create unique chal-
lenges in this regard because they exert their therapeutic effects via complex or undefined 
mechanisms. Indeed, although clinical trials of stem cell therapy for various diseases began 
over a decade ago, specification of optimal dosage and delivery has not been established. 
The available clinical studies have shown inconsistent findings regarding the relationship 



Unique Aspects of the Design of Phase I/II Clinical Trials of Stem Cell Therapy 57 
http://dx.doi.org/10.5772/intechopen.72949 

between cell dose and clinical benefit, due, at least in part, to variations in donor cell 
characteristics, cell types, cell dosing/concentration, and route (intravenous, intra-arterial, 
intra-tissue) and timing of administration [29, 36]. We will also review the unique aspects of 
the selection of clinically relevant endpoints, donors and donor cell characteristics, and 
autologous versus allogeneic cell therapy. 

2. Description and regulatory aspects 

The customary first-in-human study or phase 1 investigation is used to determine the dose and 
timing of an investigational drug or biologic agent, as well as identify adverse events associ-
ated with agent administration in a dose-dependent fashion. Prior to designing a phase I study, 
it is critical that appropriate preclinical studies are conducted. Moreover, the clinical study 
must be conducted with appropriate ethical and quality standards, which includes protocol 
approval by the institutional review board (IRB), also known as an independent ethics com-
mittee (IEC), ethical review board (ERB), or research ethics board (REB). These committees 
review the methods proposed for the research study and monitor the study, in parallel with the 
data safety monitoring board (DSMB), for adherence to the protocol and adverse event 
reporting throughout the study period until completion. An important goal of a standard 
phase I clinical trial is to determine the maximally tolerated dose and/or recommended dose 
for further testing in larger phase II efficacy trials. Phase II studies aim to provide further 
information on dosing, tolerability, and major safety concerns, and potential for efficacy in the 
target patient population. These data are then utilized by researchers and sponsors to estimate 
the chance of success in achieving important clinical endpoints, such as mortality and hospi-
talization risk reduction, in phase III trials, obtain drug approval by the regulatory agencies, 
and bring the intervention into the market for use by clinicians as standard of care. 

In the United States, in order to obtain approval, sponsors of drugs or biologic products not 
previously authorized for marketing in the United States must submit an Investigational New 
Drug (IND) application to the Food and Drug Administration (FDA) [41]. IND applications 
must contain sufficient information about the drug or biologic agent, investigators, clinical 
protocol, and nonclinical toxicologic data. Safety and efficacy must be supported by evidence 
from controlled studies of adequate size with disease-appropriate endpoints. The conventional 
approach to obtaining favorable consideration for a marketing license for a new drug or 
biologic agent is to do 2 or more large scale clinical trials designed to establish clinical benefit 
directly, often including a comparison between the new drug and a control drug to show 
improvement in survival, quality of life, or an existing surrogate endpoint for one of the 
outcomes. 

At the time of submission of an IND or as an amendment to an existing IND, a request for 
regenerative medicine advanced therapy (RMAT) designation can be made. The twenty-first 
Century Cures Act describes the criteria required for RMAT designation (www.FDA.gov). 
According to the FDA, the criteria include that, (a) “the drug be a regenerative medicine 
therapy, which is defined as a cell therapy, therapeutic tissue engineering product, human cell 
and tissue product, or any combination product using such therapies or products, except for 
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those regulated solely under Section 361 of the Public Health Service Act and part 1271 of Title 
21, Code of Federal Regulations”; (b) “the drug is intended to treat, modify, reverse, or cure a 
serious or life-threatening disease or condition”; and (c) “preliminary clinical evidence indi-
cates that the drug has the potential to address unmet medical needs for such disease or 
condition” (www.FDA.gov). 

The process of obtaining an IND usually requires many years and vast financial resources. As 
part of the 1997 FDA Modernization Act, three fast-track FDA approval programs were 
enacted into law to allow for accelerated approval of certain eligible agents. The FDA fast-
track program reduced the review period needed to bring first-in class agents to market and 
quickened the approval of agents that combat serious or life-threatening illnesses that lack 
standard treatments. With this addition of alternative paths to marketing approval that eased 
some of the stringent FDA requirements, designing proper phase I trials became even more 
important to help make early decisions about the potential efficacy of a drug or biologic agent. 

The FDA Amendments Act of 2007 (FDAAA) reviewed, expanded, and reaffirmed several 
existing pieces of legislation regulating the FDA. These changes allowed the FDA to perform 
more comprehensive reviews of potential new drugs and devices. The FDAAA extended the 
authority to levy fees to companies applying for approval of drugs, expanded clinical trial 
guidelines for pediatric drugs, and created the priority review voucher program to expedite 
the review process for drugs that are expected to have a particularly great impact on the 
treatment of a disease. The program grants a voucher for use of priority review to a drug 
developer as an incentive to develop treatments for neglected diseases. The voucher can be 
used for future drugs that could have wider indications for use, but the company is required to 
pay a fee to use the voucher. The FDA Safety and Innovation Act of 2012 (FDASIA) is a piece of 
regulatory legislation that provides the FDA the authority to collect user fees from the medical 
industry to fund reviews of innovator drugs, medical devices, generic drugs, and biosimilar 
biologics. It also created the breakthrough therapy designation program and extended the 
priority review voucher program to make rare pediatric diseases eligible. Breakthrough ther-
apy was designed to further expedite drug development, and was not meant to require that the 
drug be an actual “breakthrough” [42]. The goal was to facilitate and prioritize the FDA review 
of new drugs for serious or life-threatening diseases for which early phase clinical trials 
demonstrated significant treatment benefits over the existing therapeutic options [41]. 

Another critical regulatory aspect of the design and implementation of a clinical trial is ensur-
ing subject protection and data quality to make certain that the study and its conclusions are 
robust and can support future trials as well as potential regulatory submissions for marketing 
approval. Good clinical practice (GCP) is the internationally recognized quality standard used 
to maintain safeguards on quality, safety, and efficacy. GCP represents ethical and scientific 
quality standards for designing, recording, and reporting trials that involve the participation 
of human subjects. Successful implementation of GCP reduces or obviates the need to dupli-
cate the testing carried out during the research and development of novel agents. The Interna-
tional Council for Harmonization of Technical Requirements provides guidelines for GCP for 
Pharmaceuticals for Human Use (ICH). This is a project that assembles the regulatory author-
ities and pharmaceutical industry experts of Europe, Japan and the United States to review and 
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deliberate the scientific and technical aspects of pharmaceutical product registration [43]. The 
mission and goal of the ICH is to streamline the research and development of new treatments 
by minimizing or removing testing duplication and producing greater harmonization in the 
interpretation and application of technical guidelines and requirements for product registra-
tion. The process of harmonization aims to develop a more efficient use of human, small and 
large animal, and material resources and to accelerate the global development and availability 
of new therapeutic strategies. Importantly, this needs to be achieved without reducing quality, 
safety, and efficacy and regulatory obligations to protect public health. The ICH guidelines 
have been adopted as law in several countries, but in the United States they remain only as 
guidance for the FDA [43]. 

As part of GCP, a detailed data safety and monitoring plan is implemented for all clinical trials. 
The plan should include a reporting system to the data coordinating center (DCC) as well as to 
the independent data and safety monitoring board (DSMB). The DSMB is tasked with the 
responsibility for safeguarding the interests of study participants, assessing the safety and 
efficacy of study procedures, and for monitoring the overall conduct of the trial. Web-based 
computing systems for data collection and data management must be compliant with current 
federal regulations, specifically, Title 21 of the CFR parts 210–211 (GMP), 820 (Quality System 
Regulation for Medical Devices), and 11 (Electronic Records and Electronic Signatures). Elec-
tronic Case Report Forms (eCRFs) are used to capture the data appropriate to address study 
objectives by the DCC. The clinical trial coordinators undergo the appropriate training by the 
DCC in order to have continuous access to enrollment, randomization, and data submission. 
Randomization for the clinical trials is performed centrally by the DCC. For stem cell clinical 
trials, a randomized treatment assignment is generated and sent to the study team and cell-
manufacturing laboratory. The protocol coordinator, through regular site visits, monitors the 
quality and timeliness of data submission, as well as compliance with the study protocol, and 
works with the clinical center to address any deficiencies or discrepancies. A site visit report is 
distributed to the investigative team and the trial’s sponsoring agency. In regard to adverse 
events (AE), standard operating procedures (SOPs) are developed that outline the reporting 
requirements for both the FDA and DSMB. For example, automatic emails are generated each 
time an AE is reported and serious adverse events (SAEs) require an independent medical 
monitor review that is located at the DCC. Back-up mechanisms are employed in the form of a 
weekly summary that is provided to the safety and regulatory group to ensure that the AEs 
receive the proper attention. If an AE requires expedited reporting to the FDA or the DSMB, 
the DCC prepares a detailed report based on the medical monitor’s adjudication and source 
documentation received by the center. DCCs normally have internal tracking mechanisms to 
ensure meeting regulatory reporting requirements and to document DSMB responses. 

Stem cell therapy clinical trials require a good manufacturing practice (GMP) cell manufacturing 
facility. These facilities are accredited by the foundation for the accreditation of cellular therapy 
(FACT). The GMP facilities are expected to have a Quality Assurance (QA) team that is respon-
sible for the documentation system. This typically includes the Standard Operating Procedures 
(SOP) documents, Certificates of Analysis, documents with specifications for critical materials, 
supplies, and reagents, and master batch production records. The GMP facility is expected to 
have cell-manufacturing rooms that are supplied with all the necessary equipment, such as 
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biosafety cabinets, incubators, bench top centrifuges, and microscopes. The laboratories in the 
facility must be HEPA filtered, under appropriate air handling (positive pressure), and must 
meet class 10,000 specifications in the manufacturing rooms and class 100,000 in the general 
laboratory, liquid nitrogen freezer rooms, storage rooms, and gown in/out areas. Standard 
operating procedures require that all laboratory equipment is cleaned and maintained 
according to established quality control schedules. Internal and external audits of the quality 
systems ensure compliance with current FDA requirements (21 CFR Part 1271 & 21 CFR Part 
210 & 211) and other applicable standards from AABB, FACT, and JCAHO (CLIA). The goal of 
the comprehensive quality systems is to monitor the daily operational and manufacturing 
activities of the GMP facility in order to prevent, detect and correct flaws or inadequacies that 
could adversely impact the safety of patients and/or the safety, purity, potency, or efficacy of 
the manufactured cell therapy products. 

3. Limitations of phase I/II trials of stem cell therapy for CVD 

3.1. Cell types 

Various different cell types are currently undergoing investigation in phase I/II clinical trials, 
including mesenchymal stem cells, cardiac-derived stem or progenitor cells, and bone marrow 
derived mononuclear cells. The cell characteristics, secretomes, and mechanisms of action of 
these various stem cells are under intense investigation but have not been completely eluci-
dated. The modes of delivery utilized also vary according to the specific disease process and 
these include intravenous, intracoronary, and intramyocardial or transendocardial [27, 36], as 
will be discussed in a separate section. 

Growing evidence shows the potential of bone marrow derived MSCs as a safe, durable, 
sustainable, and novel cell-based biologic therapeutic for a diverse range of clinical applica-
tions aimed at preventing or reversing organ injury and promoting tissue regeneration. There 
are numerous advantages to using MSCs as a therapeutic strategy. MSCs are relatively easy to 
isolate and expand; they exhibit multilineage differentiation capacity, immunomodulatory, 
anti-inflammatory, anti-fibrotic, and trophic effects; they home to injury sites; and they have 
an excellent safety profile in both autologous and allogeneic transplantation [2, 6, 8, 21, 22, 44, 
45]. Importantly, the use of MSCs engenders few ethical issues since they originate from adult 
tissues. Preclinical models employing large animals have been instrumental in advancing 
phenotypic and mechanistic insights underlying MSC therapy for heart disease [21–24]. Fur-
thermore, the growing human phenotypic data supports the notion that MSC therapy is safe 
[1, 2, 8, 18, 19, 46] and has the capacity for repair of diverse organ systems and amelioration of 
multiple disease processes [1–17, 19, 29]. The field is advancing rapidly and numerous MSC 
sources, including bone marrow, adipose tissue, umbilical cord blood, umbilical cord, and 
amniotic membranes/placenta are under investigation. Successful MSC therapy involves a 
complex orchestration of events, including MSC engraftment, differentiation, and, perhaps 
more importantly, secretion of bioactive molecules that inhibit apoptosis and fibrosis and 
stimulate neovascularization and endogenous stem cell recruitment, proliferation, and differ-
entiation [35, 38]. Notably, existing mechanistic studies support the importance of cell–cell 
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interactions between MSCs and host cells within stem cell niches, which provide structural 
support and produce the soluble signals that regulate stem cell function in tissues [21, 24]. This 
enhanced phenotypic and mechanistic understanding of the underpinnings of MSC-based 
therapy can be harnessed for improved clinical trial design as well as for development of 
newer generations of MSC products that have greater efficacy and sustainability. 

Cardiac-derived stem or progenitor cells are adult resident multipotent stem cell population(s) 
identified by characteristic cell markers, including c-kit (CD117), sca-1, Isl1, and Wilms tumor 1, 
and by the ability to form cardiospheres in vitro [47–49]. Substantial evidence demonstrates that 
cardiac stem cells (CSCs) reside in stem cell niches in the heart and not only participate in 
myocardial homeostasis but also proliferate and differentiate in response to myocardial injury [21, 
49, 50]. CSCs can differentiate into cardiomyocyte, endothelial, and smooth muscle cell lineages 
[49, 51, 52], although their degree of contribution to the generation of new cardiomyocytes is 
controversial [52–55]. Despite ongoing controversy [53–55], multiple preclinical studies, including 
a recent meta-analysis [56], have demonstrated that injection of CSCs into animal models of 
ischemic heart disease slowed the progression of pathological cardiac structural changes and 
improved cardiac function [24, 25, 49, 56–59]. 

Phase I/II clinical trials are building upon these promising preclinical results. Bolli and col-
leagues demonstrated the safety and efficacy of c-kit + autologous CSCs in patients with heart 
failure scheduled to undergo Coronary Artery Bypass Graft surgery [32, 60, 61]. With regards 
to efficacy, the study showed improvement in cardiac function as well as reduction in myocar-
dial infarct size at the 4-month and 1 year time points. Takehara and colleagues evaluated the 
safety and therapeutic efficacy of autologous CSCs in combination with a sustained release 
hydrogel matrix producing a controlled release of basic fibroblast growth factor (bFGF) to 
augment the effect of the cells in patients with heart failure due to ischemic heart disease [62]. 
This study demonstrated that tissue engineering offers the potential to improve the poor cell 
survival post-injection, one of the major obstacles limiting the effectiveness of cell therapy, 
irrespective of the cell type. 

The other major cardiac-derived cell therapy currently under clinical investigation is the 
“cardiosphere.” Cardiospheres are undifferentiated cells isolated from subcultures of atrial or 
ventricular biopsy specimens. They grow as self-adherent clusters [47] and have been described 
as clonogenic, expressing stem and endothelial progenitor cell markers, and having properties of 
adult cardiac stem cells, including long-term self-renewal and differentiation into cardiomyocyte 
(demonstrating contractile activity and/or expressing cardiomyocyte markers), endothelial, 
and smooth muscle cell lineages in vitro and in vivo [47]. Cardiospheres are a mixture of both 
early-stage committed and primitive cells, comprised of a core of c-kit + stem cells, layers of 
differentiating cells, and an outer cell layer of mesenchymal stromal cells [48]. Preclinical models 
demonstrate that cardiosphere-derived cells (CDCs) are able to reduce scar size after myocardial 
infarction, improve cardiac function, and increase the viability of myocardium [63]. A Phase I 
clinical trial of autologous CDCs delivered by intracoronary infusion in patients with impaired 
cardiac function 2–4 weeks after myocardial infarction demonstrated both cell safety and cell 
efficacy, reported as increased viable myocardium, improved regional contractility, and reduced 
scar mass post treatment [34]. 
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Bone marrow is a source of heterogeneous stem cells and progenitors that have the capacity to 
differentiate into various cell lineages. Clinical trials employing autologous bone marrow 
mononuclear cells (BM-MNCs) have evaluated the impact of timing of cell delivery after acute 
myocardial infarction [64–69]. Although BM-MNC therapy has repeatedly been shown to be 
safe, delivery in the immediate environment and up to 4 weeks after myocardial infarction has 
not been consistently or conclusively effective for improving cardiac function or structure. 

In patients with chronic ischemic heart failure, a phase II trial investigated the efficacy of 
transendocardial delivery of BM-MNCs on cardiac performance and perfusion at 6 months [70]. 
Although the study showed no significant effect on cardiac structural or functional parameters, 
exploratory (post-hoc) analyses demonstrated significant improvement in cardiac function that 
was associated with higher counts of bone marrow CD34+ and CD133+ progenitor cells. These 
findings suggest that the bone marrow’s cellular composition dictates clinical efficacy and that 
specific cell populations yield a larger regenerative benefit [71]. 

BM-MNCs have also been tested in clinical trials of refractory angina, a condition characterized 
by frequent angina attacks unresponsive to maximal medical therapy, and obstructive coronary 
artery disease not amenable to coronary revascularization [72]. A recent meta-analysis found 
that cell-based therapy produces improvement in measures of cardiac function and use of anti-
anginal medications, and a decreased risk of major adverse cardiovascular events [73]. Notably, 
an improvement in myocardial perfusion, assessed by single photon emission computed tomog-
raphy (SPECT), was also noted and there were significantly fewer atrial and ventricular arrhyth-
mias in the cell therapy group. Previous meta-analyses [74, 75] reported similar results of 
decreased angina frequency and myocardial infarction rate and improved exercise tolerance. 

Together the above clinical trials established the safety profile of the BM-MNCs in acute 
myocardial infarction, chronic ischemic heart failure, and refractory angina. Some of these 
trials [67–69] also emphasized the need to further optimize clinical trials with the goal of 
determining the ideal therapeutic time, cell administration route, cell population, and cell dose 
after acute myocardial infarction [36]. It is worth noting that two meta-analyses [76, 77] 
provided evidence of efficacy, indicating that BM-MNC therapy prevents pathologic cardiac 
structural changes, which continue during long-term follow-up, specifically by decreasing 
infarct size and left ventricular enlargement. In addition, one of these meta-analyses reported 
that administration of BM-MNCs in patients with ischemic heart disease reduced mortality, 
recurrent myocardial infarction, and stent thrombosis. 

Collectively, the multiple clinical trials using BM-MNCs suggest that despite the benefits of 
easy accessibility, ability to obtain large quantity of cells without a need for ex vivo expansion, 
vast preclinical and clinical bone marrow transplantation experience, and a positive safety 
profile [76, 77], there are significant concerns regarding the efficacy of BM-MNCs for acute 
myocardial infarction and chronic ischemic heart failure [1, 67, 68, 70]. It is important to note 
that these completed phase I trials were primarily focused on establishing the safety profile of 
BM-MNCs, and efficacy results may have been limited by the small number of patients. The 
multicenter, randomized, controlled, phase III study entitled “The Effect of Intracoronary 
Reinfusion of BM-MNC on All Cause Mortality in Acute Myocardial Infarction (BAMI) trial” 
(NCT01569178) is designed to test efficacy and is currently ongoing. 
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3.2. Donors and donor cell characteristics: age, comorbidities, carcinogenic potential, and 
sex differences 

The proper use of stem cells for clinical applications requires a general understanding of the 
stem cell aging process [78]. For instance, as MSCs age, their multilineage differentiation, 
homing, immune modulation and wound healing properties gradually become compromised 
[78, 79]. Indeed, aging has detrimental effects on stem cells [78, 80, 81], with recent evidence 
suggesting a “quiescence-to-senescence switch” [82]. These age-related declines in stem cell 
therapeutic efficiency may be due to intrinsic stem cell aging and age-related changes in the 
local (tissue) environment, including extracellular matrix components and the stem cell niche 
[81, 83, 84]. Together these changes produce a decline in stem cell self-renewal, maintenance 
and therapeutic potential. Thus, the ability of MSCs to function therapeutically likely depends 
on the age and health status of the donor. 

Although the effects of aged MSCs on cardiac repair have not been measured directly, studies 
have compared the effects of age and comorbidities on human bone marrow cell “angiogenic 
potency.” Aging, renal failure, C-reactive protein and other health factors correlated signifi-
cantly with poor angiogenic potency of bone marrow cells [85, 86]. Similarly, the number and 
migratory capacity of endothelial progenitor cells was reduced in hypertensive patients [87] 
and those suffering with ischemic cardiomyopathy [88]. Extrapolating these findings to stem-
cell therapy for heart disease, suggests that the therapeutic potential of autologous MSCs 
obtained from patients with ischemic heart disease would allow for only limited recovery, 
whereas a more robust cardiac repair would occur if allogeneic MSCs from young, healthy 
donors were used instead. However, while it seems that age and/or comorbidities have a 
negative impact on the cardiac therapeutic potential of MSCs, such a direct comparison has 
not been conducted. Alternatively, a study on recipient age and stem cell therapy by Golpanian 
et al. showed that older (>60 years old) patients respond just as effectively as younger 
(<60 years old) patients when administered MSC therapy for chronic ischemic cardiomyopathy 
[89]. This is of great significance as the majority of the population with heart disease in need of 
cell-based therapy is comprised of aged individuals. 

There is conflicting evidence regarding the potential of MSC therapy to promote carcinogene-
sis [90–93]. Whether the MSCs act as cancer cells themselves by undergoing spontaneous 
malignant transformation or they interact with surrounding tumor stromal elements remains 
unclear [94]. Rosland et al. [91] demonstrated spontaneous malignant transformation of 
human bone marrow-derived MSCs grown in long-term cultures. These cells proliferated 
more rapidly, were unable to undergo complete differentiation, and exhibited an altered 
morphology and phenotype compared to normal human MSCs. Additionally, when these 
transformed cells were injected into immunodeficient mice, histologic examination revealed 
rapid-growing tumor deposits found throughout the lung tissue. In contrast, in a study by 
Bernardo et al. [92], isolated human bone marrow-derived MSCs were grown in culture until 
they reached senescence or passage 25. Subsequently, cells were assessed genetically at differ-
ent time points and various tumor-related proteins were measured. The majority of MSCs 
displayed a progressive decrease in proliferative capacity with shortened telomeres until 
reaching senescence. Importantly, cultured MSCs did not express telomerase activity or human 
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telomerase reverse transcriptase transcripts and no chromosomal abnormalities or alternative 
lengthening of telomeres were noted. These data lend support to the safety of ex vivo MSC 
expansion and use in regenerative cell therapy. Nevertheless, careful attention to the func-
tional, phenotypic, and genetic characterization of culture-expanded MSCs as well as other 
types of stem cells should still be given [94]. 

Sex differences exist in many disease states and particularly in cardiovascular disease [95, 96]. 
Post-menopausal women are at a higher risk of coronary artery disease, myocardial infarction, 
and atherosclerosis compared to pre-menopausal women and age matched men. Based on these 
findings, disparities in cardiovascular disease outcomes between women and men have been 
attributed to differences in sex steroid expression, predominantly estrogen. Sex differences also 
exist with respect to the roles of stem cells in organ repair and regeneration after injury. Female 
MSCs exhibit decreased apoptosis, decreased interleukin-6, decreased tumor necrosis factor, 
increased endothelial growth factor, and increased vascular endothelial growth factor expression 
compared to male donor MSCs [97]. Moreover, in a mouse myocardial infarction model, treat-
ment with female MSCs produced greater recovery of cardiac functional parameters compared 
to male MSC treatment [98]. The effect of estradiol on MSCs contributes to these differences [99]. 
Understanding how stem cells are influenced by donor sex and recipient hormonal environment 
may help account for sex-related disparities in clinical outcomes as well as utilize the beneficial 
effects of these hormones to optimize transplanted stem cell function and survival. 

3.3. Autologous versus allogeneic cell therapy. 

An important issue in this new field is whether stem cells can be used as an allograft [2, 18, 28]. 
One potential advantage of allogeneic stem cells is their potential use as an “off-the-shelf” 
therapeutic agent, avoiding the need for bone marrow aspiration or cardiac biopsy and tissue 
culture delays prior to treatment. In addition, the function of autologous stem cells may be 
impaired in patients with comorbidities and/or advanced age, as described in the previous 
section [78, 79, 81, 84]. Regarding the most studied cell type, MSCs, the absence of major 
histocompatibility class (MHC) II antigens [100–102] and the secretion of T helper type 2 
(TH2) cytokines characterize MSCs as immunoprivileged and immunosuppressive [102, 103], 
although there is some evidence that allogeneic MSCs may be cleared to a greater extent than 
autologous cell preparations possibly via formation of alloreactive antibodies [104]. Indeed, a 
meta-analysis of 82 preclinical studies [105] demonstrated that allogeneic therapy is equally as 
safe and effective as autologous therapy with MSCs, further suggesting that allogeneic MSCs 
are characteristically immunomodulatory. 

The safety and therapeutic benefit of intravenous administration of allogeneic MSCs versus 
placebo has been demonstrated in patients after acute myocardial infarction [6, 106, 107]. 
Moreover, our group conducted phase I/II clinical trials comparing allogeneic and autologous 
MSCs delivered by transendocardial stem cell injection into patients with chronic ischemic 
cardiomyopathy and non-ischemic, dilated cardiomyopathy and showed that both MSC types 
are safe and clinically effective [2, 18, 29, 108]. These studies are paving the way for the 
development of allogeneic cell-based regenerative therapies for structural and functional dis-
orders of the myocardium as well as other organs and disease processes [19, 20]. 
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Other stem cell types may have similar immunologic properties. Regarding cardiac-derived 
stem cells, it has been reported that human CSCs may have immunomodulatory capacity 
in vitro [109], resembling the properties described for MSCs. A recent preclinical study using 
a porcine model of ischemic cardiomyopathy showed safety and efficacy of allogeneic CSCs 
alone and in combination with MSCs [110]. These preclinical findings require testing in future 
clinical trials. In this regard, the “ALLogeneic heart STem cells to Achieve myocardial Regen-
eration” (ALLSTAR; NCT01458405) clinical trial is investigating the safety and efficacy of 
allogeneic cardiospheres [48], in the absence of immunosuppression, after reporting positive 
preclinical findings [111, 112]. It is important to note that emerging evidence supports the idea 
that cardiospheres share the immunomodulatory properties of MSCs, since they express the 
classic markers, including CD105, CD90, and CD73 [113–115], and as such may be cardiac-
specific stromal or mesenchymal cells. If these cardiac-derived CD105+ cells are successfully 
used as an allograft, it would further support the notion that allogeneic cell therapy may be 
broadly applicable. 

3.4. Selection of dose and delivery 

As with any traditional new drug, establishing the optimal dose and delivery method is a 
critical part of the development of new stem cell therapies [36, 37, 116]. In a phase II-a study, 
drug development normally comprises an estimate of a non-effective dose and the highest 
tolerated dose, whereas in a phase II-b the objective is to determine the dose–response rela-
tionship by testing doses ranging from clinically non-effective to the highest tolerated. This 
paradigm is problematic in stem cell therapy development. Unlike traditional pharmacology, 
where pharmacokinetic and pharmacodynamics principles and methods are effectual, differ-
ent principles and assumptions underlie the assessment of the correct dosing regimens in the 
field of stem cell therapy [36]. Stem cell therapies tested in phase I/II studies are not usually 
titrated to any specific pharmacodynamic effect targeting a particular physiological marker or 
pathway, although secondary assessments of dose on various biomarkers and/or cardiac func-
tional parameters are done. The total number of cells administered is not necessarily propor-
tional to the clinical effect, at least using the traditional clinical parameters, such as cardiac 
structure, functional capacity, and quality of life measurements. Indeed, the small number of 
preclinical [117–120] and clinical studies [2, 29, 121–125] that have examined cell dose have so 
far demonstrated conflicting results regarding the relationship between the quantity of cells 
delivered and clinical efficacy. The variability in cell types and delivery methods as well as the 
heterogeneous within and between-patient pathophysiology of cardiovascular disease contrib-
ute, at least in part, to the challenges in cell dose optimization [36, 116]. Thus, there is a need to 
design studies that compare both cell dose and delivery methods to determine which combi-
nation provides the best clinical outcome in a particular disease state (e.g., acute myocardial 
infarction vs. chronic heart failure). Other important factors that should be addressed in the 
field include the need to standardize the growing variety of stem cell sources (e.g. bone 
marrow, adipose tissue, placenta, umbilical cord, heart, etc.) and production methods and 
develop adequate methods for measuring the quality, potency, and/or biologic activity of stem 
cell preparations. This includes investigating concentration-dependent stem cell aggregation 
or clumping [126], which impacts cell viability and homing or engraftment in injured tissue, 
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effects of culture media used for therapeutic stem cell preparation on tissue receptors or 
effector sites [127, 128], and effects of needle bore-induced shear forces on stem cell integrity 
[129, 130]. Moreover, given that the injected cells must survive and interact with the surround-
ing tissue microenvironment, the disease state must be consistent in order to compare cell 
dosing and clinical efficacy. Investigators planning to initiate clinical trials of stem cell therapy 
using a particular cell type and delivery method in a particular disease state should be mindful 
of any assumptions being made based on studies of other cell types and/or delivery methods 
and disease states and ensure that adequate attention has been paid to all of these as of yet 
incompletely understood variables. 

3.5. Safety 

Assessment of safety in phase I/II trials of stem cell therapy for cardiovascular disease is 
currently targeted to detect major concerns, including severe end-organ damage, such as 
myocardial infarction, stroke, or lung injury, severe allergic reactions, laboratory abnormali-
ties, hemodynamic instability, or death. However, it is important to note that, as with all drugs 
and therapeutic agents, clinical safety can only be assessed with adequately powered long-
term studies. This concern is particularly relevant with the cardiovascular end points usually 
assessed, such as functional capacity and quality of life. Although small phase I/II studies are 
useful to demonstrate improvement in these patient-centered outcomes, they may miss impor-
tant safety signals and thus provide limited overall safety information. 

3.6. Efficacy 

Phase II trials are intentionally designed with a small number of patients and relatively short 
duration of follow up, and therefore do not have the power to assess the effect of the thera-
peutic agent on clinical outcomes such as mortality or hospitalization risk. The efficacy out-
comes used in phase II trials are usually surrogate end points and translation biomarkers that 
correlate with mortality and/or hospitalization risk and can be assessed in the period of time of 
the trial. Therefore, the rationale for phase II clinical trials is to identify the potential clinical 
benefits of the novel therapy being tested, with minimal regard to statistical significance, on 
which phase III trials can then be based to confirm the findings in a larger population over a 
longer period of time. 

The surrogate end points and translational biomarkers used for efficacy assessment in cell 
therapy phase II trials for cardiovascular disease create several challenges when designing 
phase III trials, which measure mortality or other clinical outcomes such as cardiac function. 
In other words, the efficacy end points in cell therapy phase II and phase III trials of cardio-
vascular disease are usually different. This uncertainty around the translatability and predic-
tive value of changes in the phase II surrogate end point or biomarker to future changes in 
phase III clinical outcomes is a major issue for researchers and sponsors. There is evidence 
suggesting that although a potential surrogate marker or biomarker may have a strong associ-
ation with clinical outcomes, it does not necessarily translate into a strong correlation with 
clinical outcomes in a phase III trial setting even if a favorable trend was observed in previous 
studies. For instance, improvement in left ventricular remodeling correlates significantly with 
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clinical outcomes, such as mortality, in patients with heart failure. However, whereas some 
therapeutic agents that improve left ventricular remodeling also reduce mortality, other agents 
shown to reduce mortality have not been found to improve remodeling. Therefore, multiple 
surrogate endpoints and biomarkers are usually assessed in phase II trials in order to identify 
any signs of potential clinical efficacy. 

4. Recommendations for the Design of Phase I/II trials of stem cell 
therapy for CVD 

4.1. Identifying novel markers of clinical improvement 

The development of novel surrogate markers of clinical benefit is crucial for the design of 
successful clinical trials [116]. An important issue is the identification of markers for subpopu-
lations of patients with cardiovascular diseases based on the pathophysiology and the mecha-
nism of action of the therapeutic agent. Novel applications such as genomics, proteomics, and 
bioengineering applications and devices can be utilized in this regard and to develop targeted 
therapies. 

4.2. Matching end point selection with mechanism of action 

In order to more accurately and precisely determine clinical efficacy in a trial, surrogate 
markers and biomarkers must be mechanistically affected by the studied drug or biologic 
agent [116]. It is important to recognize that repairing or regenerating injured cardiovascular 
tissues is a complex task involving various mechanisms of action that will have a different 
impact on different end points. For example, the antifibrotic effects of MSCs lead to a reduction 
in infarct scar size whereas the pro-angiogenic effects lead to neovascularization and increased 
perfusion, both of which improve cardiac function and structure. Therefore, future clinical 
trials must connect biological pathways, drug mechanisms of action, and underlying patho-
physiology to be successful in developing efficacious novel therapies [116]. 

4.3. Use of a combination of efficacy and surrogate marker endpoints 

As stated previously, in a phase II clinical trial the measure for success should not be linked to 
the achievement of statistical significance for a small number of primary endpoints in an effort 
to reduce the likelihood of a false positive finding [37, 116, 131]. The metric of reaching 
statistical significance for clinical endpoints is the goal of phase III trials. In this regard, the 
current recommendations for Phase II studies [37, 116, 131] are that many primary endpoints 
should be assessed, with each prospectively declared and its findings reported; the goal being 
to identify novel clinical benefits of the new therapy. In order to properly design phase III 
trials, investigators need to know all of the endpoint results as set out in the phase II study 
protocol. Moreover, to assess the consistency of the findings, the phase II investigators should 
select efficacy endpoints from different categories [37]. In cell therapy studies for cardiovascu-
lar disease, the important categories to evaluate include, (a) cardiac structure and function, 
such as infarct size, ventricular sphericity, ejection fraction, ventricular volumes, measures of 
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contractility and diastolic performance, (b) biomarkers, such as atrial and brain natriuretic 
proteins, cardiac enzymes, TNF-alpha, C-reactive protein, micro-RNAs, and transcriptomic-
based biomarkers, (c) physical functional capacity, such as 6 minute walk distance, peak 
walking time, and maximal oxygen consumption, and (d) quality of life, such as Minnesota 
Living with Heart Failure questionnaire, the Short Form-36, need for revascularization and 
recurrent myocardial infarction or heart failure exacerbations [37]. 

4.4. Development of novel analytical methods and guiding principles 

The use of a combination of endpoints representing various different categories is expected to 
improve the development of cell-based therapies, but new analytical methods many need to be 
developed to manage these large quantities of data [37, 116, 131]. The data from the various 
categories needs to be evaluated using statistical methods that can generate a cumulative 
assessment of the impact of the intervention. The analytical methods utilized will need to be 
adapted based on the directionality and stratification of data, the disease process or clinical 
setting, specific patient population, and any potential discordant information that arises. These 
methods may help provide the power needed to detect differences in efficacy endpoints in 
phase II studies. However, as discussed previously, power is not as important as understand-
ing the multitude of data points to avoid not translating a clinical benefit observed in a phase II 
study into a phase III trial. This approach highlights the importance of proper endpoint 
selection and consideration of individual components and decision-making guidelines. 

Certain guiding principles for the assessment of phase II studies of cell-based therapies have 
been recommended [37]. These include “strength of association,” “consistency and concor-
dance,” “coherence,” “dose response,” and “safety.” Strength of association refers to whether 
the cell therapy being evaluated provides a greater clinical benefit than the control group. If the 
cell therapy has been beneficial compared to control in other studies involving different patient 
populations and/or clinical protocols, thus showing consistency and concordance, this benefit 
would support causality. In contrast, any differences in results between studies would need to 
be evaluated for possible biological reasons, such as differences in stem cell dose, manufactur-
ing, delivery method, etc. Coherence is also an important principle as it links the observed 
clinical endpoints with the underlying physiologic effects of the cell-based therapy. For exam-
ple, a therapy that improves cardiac structure and/or function and improves physical func-
tioning or quality of life provides coherence to the results. Finally, the importance of dose 
response, sustainability of effect, and safety for cell-based therapies is similar to that of any 
pharmacologic drug, although there are unique aspects of cell-based therapies as discussed in 
the previous sections. 

5. Need for regenerative medicine training programs and patient education 

The number of academic and private physicians practicing regenerative medicine as well as 
the number of patients and chronic conditions being treated with cell-based therapies has 
grown exponentially in the past decade [132–136]. Although clinical trials throughout the 
world have been or are being conducted and reported through clinicaltrials.gov, and govern-
mental regulatory bodies provide some oversight [134, 137, 138], there is a growing concern 
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that physicians without prior or proper training in cell-based therapeutics are treating patients 
with stem cells from various sources with little or no evidence of safety or efficacy [132, 133, 
136, 139]. To add to these concerns, there is a growing demand to deregulate the use of these 
therapies [140–144]. The rules of the FDA as well as the European Medicines Agency define 
stem cells modified outside the body as medicines and therefore under their regulatory over-
sight [134, 137, 138]. However, commercial promotion of unsupported therapeutic uses of stem 
cells has become a world-wide problem that has proven resistant to regulatory efforts and has 
created unsafe situations that have resulted in harm to patients, both physically and psycho-
logically (i.e., false promises of cure), and avoidable, punitive conflicts between governmental 
regulatory agencies and physicians [132–135, 137–140, 143, 145, 146]. One approach that has 
been proposed to promote compliance and uniformity in this growing field is the implemen-
tation of physician training programs at academic institutions [135]. 

It is imperative that the global biomedical research community be the leaders in developing 
educational programs to not only train physicians, but also inform patients, the general public, 
and governmental agencies on the appropriate development, investigation, and clinical use of 
cell-based therapies [37, 132, 147, 148]. It was with this goal in mind that the National Institutes 
of Health-sponsored cardiovascular cell therapy network (CCTRN) supports physician train-
ing programs that provide expertise in all aspects of regenerative medicine. The mission of the 
CCTRN is to “achieve public health advances for the treatment of cardiovascular diseases, 
through the conduct and dissemination of collaborative research leading to evidence-based 
treatment options and improved outcome for patients with heart disease” (https://sph.uth.edu/ 
research/centers/ccct/cctrn/about-us.htm) [37, 147, 148]. 
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