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Abstract: Both the US and EU have introduced pediatric pharmaceutical legislation to 
facilitate clinical trials in children and development of better medicines for children. The 
first concerns were published in 2014 that the European Medicines Agency (EMA)’s 
Pediatric Committee (PDCO) may be over-enthusiastic and has compelled questionable 
pediatric clinical trials from pharmaceutical companies. Numerous clinical trials are 
mandated in rare conditions for which not enough patients exist for even one trial. 
Furthermore, where these trials are mandated in adolescent patients, the legal age limit of 
the 18th birthday is confused with a medical age limit and can result in separate clinical 
trials in adolescent patients that neither make medical nor scientific sense nor will ever 
recruit enough patients for a meaningful outcome. To confirm our concerns we searched the 
registry clinicaltrials.gov and found examples for PDCO-triggered unethical trials. We 
conclude that such trials should not be accepted by institutional review boards 
(IRBs)/ethics committees (ECs) and that clinical trials resulting from negotiations with 
EMA’s PDCO need extra careful scrutiny by IRBs/ECs in order to prevent unethical studies 
and damage to pediatric research and unnecessary risks to pediatric patients. 
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1. Clinical Trials 

Clinical trials are a key instrument to compare therapeutic interventions. To a relevant degree they 
have replaced experts’ opinion on what works, what does not work, and what works better. The 
methodology of clinical trials has evolved during the 20th century on the background of several, 
partially contradictory factors: 

• Scientific curiosity vs. the rights and interests of the patients/healthy volunteers involved in 
clinical research 

• Abuse of power, including war crimes of German and Japanese doctors in the second world  
war [1–3], criminal negligence of patients’ interests by the US public health service [4], by 
academic researchers, and acceptance of unethical trials by well-reputed journals [5]. 

• A clinical trial can provide evidence whether a given treatment is working or not. This will have a 
deep financial impact on a sponsoring company. Reporting a positive outcome of a new treatment 
can also have a significant career impact for a leading clinical investigator [6,7]. There are 
temptations for both to misrepresent, omit, twist or even falsify data. 

• Randomized double-blind regulatory clinical trials have today a high weight in regulatory 
authorities’ decisions to approve new drugs. Clinicians will then prescribe them. Individual 
experience and learning is to some degree superseded by a complex system that includes 
approval of medicines by regulatory authorities and scientific agreement through literature, 
treatment guidelines, consensus papers, and more. 

• To summarize, clinical trials play a key role in advancing medical science. However, clinical 
trials can also put patients into situations that can deeply affect their health and well-being, and 
key decisions are not immediately made by the treating physicians only. A thorough balance is 
required to allow on one side, progress in science, clinical understanding and therapeutic 
interventions, and on the other side, prevent damage to the individual patient, which in 
consequence, will damage the societal acceptance of clinical trials. 

The backbone of the social acceptability of clinical trials has been formulated in several 
declarations and reports, including the original World Medical Association (WMA) declaration of 
Helsinki [8], in its respective current version, at present the one from the 64th WMA General 
Assembly, Fortaleza, Brazil, October 2013 [9]; the Belmont report that promulgated the key elements 
of respect for persons, justice, and benevolence [10]; the rules of good clinical practice (GCP) [11]; 
and more. 

Drug development is complex [12], expensive [13], and controversial [14–16]. Nevertheless, few 
will doubt that there is progress in health care, which results in increased life expectancy in modern 
countries, and few will doubt that the availability of modern drugs and medical devices have a key role 
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in this. To put it pointedly, without clinical trials, progress in modern health care would not be 
possible. 

2. Clinical Trials in Children 

Clinical trials in children have essentially the same features as in adults: they must follow the rules 
of GCP, including the key elements of the Belmont report and the Declaration of Helsinki. In addition, 
they must also deal with the different legal position of children in society, see also Ethical 
Considerations for Clinical Trials on Medicinal Products Conducted with the Paediatric Population [17]. 
These include the tenet that responsibility for health care decision lies with the parents. Furthermore, 
children have a different body and mind than adults. Both body and mind are in development. 

An adult clinical trial protocol cannot be adapted to children by simply replacing the word ‘patient’ 
with ‘child’ or ‘pediatric patient’. This happened in the years after the first US pediatric legislation, 
when adult project teams in pharmaceutical companies were tasked with pediatric clinical trials in 
addition to their adult clinical trials workload. There were protocols which asked babies to sign 
informed consents, or where large amounts of blood were supposed to be taken from babies. This has 
changed; several books on clinical trials in children have been published in recent years [18–21]. 

There is broad agreement that healthy children should not participate in clinical trials. Measurement 
of ADME in children is always done in a clinical setting; e.g., the first test of a new antibiotic in 
children will be done where a traditional antibiotic is given, plus the new one, of which additional 
measurements on serum concentration and other parameters of absorption, distribution, metabolism, 
and excretion (ADME) are performed. Of course, in such a setting the study medication will start with 
a very low dose and will cautiously be escalated to doses assumed to be fully therapeutic. 

3. Ethics Committees/IRBs 

Ethics committees (ECs)/institutional review boards (IRBs) were introduced when it became 
apparent that the public trust in the integrity of academic and clinical institutions was not sufficient to 
protect patients. Before a clinical trial can begin today, it must be approved by the responsible EC/IRB. 
This gives the EC/IRB an enormous power. They are now a well-established institution to protect 
patients in clinical trials. They are local, which has advantages and disadvantages. Both drug 
development and medical science have become international and global, but health care will always 
remain local and hands-on. International clinical trials remind local clinical experts that there is a world 
outside of the territory where their opinion in medical questions is rarely challenged. 

In a clinical trial, therapeutic key decisions are not made by the chief medical doctor alone. After 
initial diagnosis and checking inclusion and exclusion criteria, the respective treatment per patient is 
defined by the study protocol. This allows comparison of different treatments after study completion. 
In the EU, a new clinical trials regulation is currently in discussion that will hopefully provide binding 
procedural structures for all EU member states [22–24]. For local, monocentric clinical trials, this will 
not imply major changes. However, for multicenter international clinical trials, this should facilitate clinical 
trials in the EU. 
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4. Modern Drugs and Children 

Never in the history of mankind has child health seen a higher place in public attention and clinical 
health care than today in developed western countries. Children with cancer have a high chance to 
survive—although still at a horrible price for their quality of life and that of their entire family. 
Vaccinations, antibiotics and antiviral substances have largely eradicated the horror of wards filled with 
children in iron lungs and of multiple early child deaths due to infectious diseases. The base for this 
progress was multiple and complex, including better nutrition in general and availability of nutrition 
for newborns where the mother did not have mother milk; availability of industrialized clothing; 
modern medicines, washing machines, and many more. 

Modern drug labels originated from US legislation introduced in 1962 (Kefauver-Harris amendment 
to the Federal Food, Drug, and Cosmetic Act) [25]. Comparable legislation followed in Canada, 
European countries and Japan. Since then, labels reflect what has been proven in clinical trials and 
other measures in the laboratory or in animals. Before 1962, labels had only to describe the content of 
the package. From 1962 on, drug manufacturers introduced pediatric disclaimers that emphasized that the 
respective medicine had not been tested in children. In 1968, Henry Shirkey coined the term of children 
as ‘therapeutic orphans’, thus criticizing that children were not in the main focus of drug development 
[26–28]. In these days, companies often developed a drug in adults first, and maybe later in children. 
In the meantime, physicians prescribed these medicines off-label. After decades of discussion between 
scientists in academia, regulatory authorities and pharmaceutical industry, a first US pharmaceutical 
pediatric legislation in 1997 offered a patent extension in exchange for a pediatric clinical trials 
program negotiated with the FDA (FDAMA 1997) [29,30]. In 2003, legislation was introduced which 
gave the FDA the right to mandate pediatric clinical trials (PREA) [31]. Since 2012, both laws are in 
force without the need of regular re-authorization [32,33]. 

Ten years later, the EU introduced a comparable legislation [32–36]. It introduced a second procedural 
layer on top of the existing drug approval process. The EMA ‘paediatric committee’ (PDCO) was created. 
Before a company can submit a marketing authorization application (MAA), it must file a ‘paediatric 
investigation plan (PIP) and have it approved by the PDCO—unless the respective disease does not 
exist in children. For this there is an EMA list of ‘class waivers’, i.e., diseases that are declared not to 
exist in children. The rest of the approval procedure is unchanged and the PDCO is not involved. 
Without an approved PIP, the EMA will not process a new MAA. While in the US rare diseases and 
vaccines are exempt from mandatory pediatric requirements, they need a PIP in the EU. 

5. Reflections on Pharmaceutical Pediatric Legislation 

In contrast to the clinical catastrophes in 1937 and 1962 and the ensuing revisions of the US 
pharmaceutical legislation [25], the US pediatric pharmaceutical legislation of 1997 with its re-
authorizations through 2012 [32] was not introduced following a catastrophe. It was the result of a 
slow building up of academic pressure in the professional bodies of clinical pharmacology, pediatric 
clinical pharmacology, regulatory authorities, pharmaceutical industry, pediatric clinicians and others. 
It was the reaction to an increasing number of available new drugs where a lack of focus on child 
health was observed. It also reflected frustration in the daily life of clinical pharmacologists and 
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pediatricians who had to explain every day to parents that this or that drug was not approved for use in 
children. High academic hopes accompanied pharmaceutical pediatric legislation [37–41]. 

However, many drugs have been developed specifically for children, including vaccines and conditions 
that exist in children only, e.g., lack of lung surfactant in preterm newborns or lack of growth hormone 
in children. For some time, the span of pharmaceutical development had focused on adult mass 
diseases, e.g., hypertension, dyslipidemia or gastric ulcer, where drugs were indeed developed for 
adults first and children later. Today, with new incentives offered for the treatment of rare diseases, we 
see many more new drugs developed for rare diseases in adults and children, e.g., treatment of 
Pompe’s disease, cystic fibrosis, enzyme deficiencies, and neurodegenerative diseases. 

One of the greatest achievements of pediatric medicine in the 20th century was pediatric oncology. 
The road to this progress was not the merit of regulatory authorities. The pediatric oncologists tested 
adult anticancer drugs, mostly cytotoxic agents, in new doses and combination to children. They all 
were prescribed off-label. The merit of the regulatory authorities was to register them in adults. Many 
‘classical’ chemotherapy agents used then are to this day still not registered in children. They are used 
off-label, have saved thousands of lives, and continue to do so [42–47]. 

There are many publications that justify the need for a pediatric pharmaceutical legislation with the 
percentage of drugs used off-label in children [18–21,40]. It is time to re-calibrate this debate. Off-
label use has at least two sides. Used by pharmaceutical companies to expand sales into disease areas 
that have not been properly investigated, it is illegal and potentially damaging to patients. Off-label use 
can be recommended in disease areas or populations where there is strong scientific evidence of benefit—
or the last hope in a life-or-death-situation. 

IRBs/ECs should not be an obstacle against life-saving trials. Almost all children with cancer 
undergo treatment in the framework of clinical trials. In the late 20th century, the survival rate of, e.g., 
pediatric acute lymphatic leukemia (ALL) increased with each decade of the diagnosis by roughly 
10%. The survival is today up to 90%. The last 10%, however, will not be achieved by further increasing 
the dose or by new combinations of toxic agents. Today’s challenge in pediatric oncology is the last 
10%, as well as the quality of life of those that have to go through several cycles of chemotherapy, 
radiation and surgery. 

Modern labels and the mandate to prove claims for safety and efficacy were key in the development 
of modern drugs. Without them there would not be a distinction between efficacious drugs and quack 
medicines. By its nature, pediatric pharmaceutical legislation cannot lead to breakthrough innovations 
needed for diseases that so far have defied modern treatment. These are malignancies in children, rare 
metabolic, genetic and other diseases that are increasingly detected by modern diagnostics. Pediatric 
legislation is an add-on to drug development, not more and not less. It needs to be handled by 
regulatory authorities in a balanced way. 

6. Ethics Committees/IRBs and Clinical Trials in Children 

Ethics committees face several specific challenges in regards to pediatric clinical trials. They have 
to protect children against various activities. These include academic clinical trials like the ones listed 
by Beecher 1966 [5]. IRBs/ECs also have to look critically at industry-sponsored trials that pretend to 
answer medical questions but essentially have a marketing purpose. If such a trial could harm patients, 
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it should not be accepted. If the patient information makes false promises, the IRB/EC should force the 
applicant to revise it. 
 
7. Ambitions of the European Medicines Agency (EMA) and its Paediatric Committee (PDCO) 

The EU pediatric regulation came into force in 2007 [33,34]. Companies must negotiate a PIP with 
the EMA’s PDCO. Whenever a company wants to register a new drug, change the formulation, way of 
administration or indication of a registered medicine as long as there is any patent protection, it needs a 
PDCO-approved PIP [33–36]. In the US, biologics, vaccines and orphan drugs are exempt from mandatory 
pediatric requirements. Furthermore, the FDA will not try to force the company to develop its 
respective drug in different pediatric indication than the adult one. 

The different EU approach reflects a belief that more pressure will help more. A negative opinion 
will block the registration of a new medicine. For the pharmaceutical industry, this is a deadly threat. 
And for every single patient with a disease that so far is untreatable, the blockage of a promising new 
treatment can result in a death sentence. 

The EMA and the PDCO are full of good intentions and very enthusiastic. By the end of 2012, more 
than 1000 PIPs had been submitted, more than 600 were accepted, and many pediatric clinical trials 
were initiated by complying pharmaceutical companies. In contrast to the EMA's five-years-report, 
which praises itself as having marched from success to success, the EU Commission is more cautious 
in its 5-years-report: no significant impact on pediatric clinical practice yet, but give us more time 
[48,49]. 

Is every EMA/PDCO-imposed pediatric clinical trial in the pediatric patients’ best interests? In 
2008 the EMA decided that there are enough adolescent patients with malignant melanoma to ask for 
clinical trials in this population and revoked the class waiver for melanoma [43,50–52]. However, the 
EMA calculations are wrong. The absolute frequency of patients with melanoma stated in the EMA 
decision is correct, as it quotes US statistics whose integrity is beyond any reasonable doubt. In these 
statistics adolescents are defined as 15–19 years old. But in EU law 18 and 19 year old patients are 
already adult. Furthermore, 75% of melanomas in young patients are in first world countries detected 
early and the melanoma is removed surgically at a stage where it is not yet metastasized. In other 
words: the EMA decision on the removal of the class waiver invokes a correct number of patients, but 
does not take into consideration that only about one tenth of these patients have a metastasized disease 
that makes them eligible for adolescent melanoma clinical trials that examine systemic treatment. The 
details of these miscalculations have been published in two peer-reviewed scientific papers and one 
editorial [43,50,51]. Melanoma is an adult disease that in rare cases can affect adolescent patients. 
These patients should have the right to participate in pivotal clinical melanoma trials. But to impose 
separate clinical trials for this population based on a legal age limit - the PDCO’s ‘territory’ is defined 
by patients from birth to the end of the 17th year of life - may legally be justifiable; medically it is not. 

So far, five melanoma PIP decisions have been published on the EMA website that must recruit juvenile 
melanoma patients that need systemic treatment [53–57]. There are not enough patients in the EU and US 
for even one regulatory clinical efficacy trial in adolescent patients with metastasized malignant melanoma. 
Furthermore, such a trial would be unethical, because it defines trial participation on a legal age limit 
with disregard of the medical need. Melanoma in adolescents is very rare. Isolated cases should have 



Children 2015, 2 204 
 

 

the right to participate in an adult clinical trial. To enforce separate clinical trials is medically wrong 
and scientifically unethical. The terms ‘ghost study’ for this type of trial, and ‘therapeutic hostages’ for the 
few unfortunate patients that are recruited into such a trial were coined in 2014, alluding to Shirkey’s 
term of children as ‘therapeutic orphans’ [43,50,51]. Ghost studies are initiated at high costs by 
pharmaceutical companies to avoid EMA/PDCO’s negative verdicts and compliance checks, trying 
desperately to recruit very rare, almost non-existing patients. After a few years, the EMA PDCO will 
then be humbly re-approached with the request to modify the PIP. At the end, the trial is terminated 
without any meaningful results. 

To verify our concerns, we looked for clinical studies in adolescent patients with melanoma in the 
clinical trials registry of the US National Library of Medicine (NLM), worldwide the largest clinical 
trials database. It is accessible online under www.clinicaltrials.gov. As of 4 March 2015, the search 
terms ‘adolescent melanoma’ shows seven studies, for details see Table 1. 

Table 1. Clinical Trials in Adolescent Melanoma on www.clinicaltrials.gov. 

Study ID Study Title Sponsor Intervention 
Patient 

Age 
Centers 

NCT00743496 

A Phase I Trial Of The Humanized  
Anti-GD2 Antibody In Children And 

Adolescents With Neuroblastoma, 
Osteosarcoma, Ewing Sarcoma  

and Melanoma 

St. Jude 

Children’s 
Research 

Hospital 

Anti-GD2 
antibody 

Up to 21 
years 

1 US Center 

NCT01696045 

Phase 2 Study of Ipilimumab in Children and 

Adolescents (12 to < 18 Years) With Previously 
Treated or Untreated, Unresectable Stage III or 

Stage lV Malignant Melanoma 

Bristol-Myers 
Squibb 

Ipilimumab 
12–17 
years 

32 centers 

USA, UK, 
Australia, 

Mexico, 
Belgium, 

Denmark, 
France, 

Germany 

NCT01677741 

A Study to Determine Safety, Tolerability and 
Pharmacokinetics of Oral Dabrafenib In 

Children and Adolescent Subjects [including 
melanoma patients] 

Glaxo-Smith-

Kline 
Dabrafenib 

12 
months–17 

years 

17 Centers 
USA, Canada, 

France, Spain, 
UK 

NCT01508013 
An Appearance-Based Intervention to Reduce 

Teen Skin Cancer Risk (iSTART) 

East Tennessee 

State University 

Behavioral: 
Appearance-

Focused 
Website 

Intervention 

13–18 

years 
1 US Center 

NCT01709435 

Cabozantinib in Treating Younger Patients With 

Recurrent or Refractory Solid Tumors [including 
melanoma] 

National Cancer 

Institute 
Cabozantinib 

2–18 

years 

23 Centers in 

USA & Canada 

NCT00931931 
HSV1716 in Patients With Non-Central Nervous 

System (Non-CNS) Solid Tumors [including 

melanoma] 

Nationwide 
Children’s 

Hospital 

Biological: 

HSV1716 

7–30 

years 
2 US Centers 

NCT02147080 A Tailored Internet Intervention to Reduce Skin Fox Chase Behavioral: 18–25 1 US Center 
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Cancer Risk Behaviors Among Young  
Adults (UV4me) 

Cancer Center UV4me/Skin 
Cancer 

Foundation 
website 

years 

Two studies aim at preventing behavior by adolescents that carries the risk of later melanoma, 
including indoor tanning, sunless tanning creams, etc. Of the remaining five studies, three are run and 
sponsored by public US institutions, and two are sponsored by pharmaceutical companies. These are 
the investigated agents: 

• The antibody used in trial NCT00743496 is directed against CD2, which is expressed on the 
surface of most refractory neuroblastoma, osteosarcoma, Ewing sarcoma, and melanoma tumor 
cells, which are considered difficult to treat and cure. 

• Ipilimumab is FDA approved since March 2011 for late-stage melanoma that has spread or 
cannot be removed by surgery. In Canada, it is approved for treatment of unresectable or 
metastatic melanoma in patients who have failed or do not tolerate other systemic therapy for 
advanced disease. It is EMA-approved for second line treatment of metastatic melanoma since 
November 2012. 

• Dabrafenib is FDA-approved as a single agent for BRAF V600E mutation-positive advanced 
melanoma since May 2013. 

• Cabozantinib is FDA-approved since November 2012 for medullary thyroid cancer and is currently 
undergoing clinical trials for multiple other solid cancer types, including melanoma. 

• HSV1716 is an oncolytic virus, a mutant herpes simplex virus (HSV) type I, deleted in the RL1 
gene which encodes the protein ICP34.5, a specific determinant of virulence. Mutants lacking 
the RL1 gene are capable of replication in actively dividing cells but not in terminally 
differentiated cells—a phenotype exploited to selectively kill tumor cells. Replication of 
HSV1716 in human glioblastoma in situ has been demonstrated. Following a single 
administration of HSV1716 by direct injection into active recurrent tumor or brain adjacent to 
tumor, some patients have lived longer than might have been expected. This study seeks to 
evaluate the safety of a single injection of HSV1716 in the treatment of extracranial solid 
tumors in adolescents and young adults. 

Both ipilimumab and dabrafenib are already FDA-approved in patients 18 years and older. There is 
no medical sense in recruiting adolescent patient into an extra trial. The age limit of 18 years is a legal, 
not a medical age limit. There is no medical rationale to treat an 18 year old patient with a licensed 
medicine but to refuse treatment to an adolescent patient who is half a year younger. In the dabrafenib 
trial, it could be argued that ADME data and maximally tolerated dose (MTD) data are necessary in 
the very young patients. But then a totally different trial would need to be designed. The currently 
running PIP-triggered pediatric melanoma trials have no meaningful questions to answer and should 
therefore be regarded as unethical. Ethics committees/IRBs should have refused these two trials. These two 
trials are triggered by EMA PDCO PIP decisions [53,55]. They are not trials organized with the aim of 
successfully treating patients or at least aiming at prolonging their lives or improving their quality of 
life. Instead, they are imposed on two companies that, in order to comply with the EMA PIP decisions, 
now recruit patients worldwide. For pharmaceutical companies, this is a catch-22 situation. Whatever 
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they do, they do something wrong. If they open a trial they will be criticized because these trials make 
no medical sense. If they do not, they will be challenged by EMA/PDCO. Interestingly, there are three 
more melanoma PIPs for which trials have not even started—otherwise they would be registered in 
www.clinicaltrials.gov. 

The two trials run and sponsored by pharmaceutical companies compete with the three other 
academic clinical trials that aim at other ways to treat adolescent melanoma. It can be anybody’s guess 
which chance the academic trials will have in this bizarre hunt for rare adolescent patients. 

ECs/IRBs should reject ghost studies that abuse patients as therapeutic hostages. There is danger of 
ghost studies in PIPs that concern a disease that is rare in children. We would like to encourage 
ECs/IRBs to have a specifically critical view at clinical trials resulting from a PIP negotiation and have 
been accepted by a company under duress: threatened with non-registration of their new medicine due 
to the lack of an agreed PIP. Such trials need to be looked at with double scrutiny, specifically as far as 
they concern rare pediatric forms of diseases that are frequent in adults or are rare diseases in general. 
This double scrutiny should also be applied by ECs/IRBs if a clinical trial is to be performed in 
adolescents only or where adolescents are included into a clinical trial. Skin, joints, liver, heart and many 
other organs of adolescents are medically mature, i.e., adult—in contrast to adolescents’ brain and 
reproductive organs, which are still in development. Separate trials in adolescents that investigate 
organ systems that are already essentially mature do not answer meaningful medical question, and 
should be rejected. 

8. Conclusions 

Drug development is a complex multi-billion dollar business performed by competing companies. 
We have seen enormous progress in science and health care over the past 100 years and an increased 
life expectancy in most countries, even more so in the developed world. Children should benefit from 
this progress. ECs/IRBs were created when blind trust in the researchers’ integrity was obviously not 
sufficient to prevent abuse of vulnerable patients. This paper highlights a new challenge, i.e., overzealous 
insistence to conduct pediatric clinical trials, which comes from an unexpected source. New challenges 
do not always originate from expected sources. IRBs/ECs will in the coming years have an even higher 
responsibility to make sure that children are not abused as therapeutic hostages, just for the feeling that 
‘something is done’. If the EU wants to contribute seriously to better child health, it could increase the 
respective research and clinical care budgets and/or offer better incentives to pharmaceutical industry 
to develop better medicines for children and adults. Ethics committees remain a key barrier in modern 
society against unethical abuse in unnecessary clinical trials in children and adolescents.  

Acknowledgments 

The authors thank Christian von Dewitz, Berlin, Germany, for his conceptual feedback at an early 
development stage of this paper. 

 
 
 



Children 2015, 2 207 
 

 

Author Contributions 

Klaus Rose and Hans Kummer conceived the idea for this paper in 2014. Klaus Rose provided the 
first draft, which was reviewed, challenged and complemented twice by Hans Kummer. 

Conflicts of Interest 

Klaus Rose is a medical doctor who after his clinical training has worked for > 20 years in 
pharmaceutical industry and is now an independent consultant in pediatric drug development. Hans 
Kummer is a medical doctor who has been a clinician and academic researcher throughout his 
professional life. He was chairman of the ethics committee of Basel, Switzerland. No grants or funds 
have been involved in the authorship of this paper. The authors declare no conflict of interests. 

References 

1. Weyers, W. The Abuse of Man. An Illustrated History of Dubious Medical Experimentation; Ardor 
Scribendi: New York, NY, USA, 2003. 

2. Weindling, P. The origins of informed consent: The International Scientific Commission on 
medical war crimes, and the Nuremberg Code. Bull. Hist. Med. 2001, 75, 37–71. 

3. Mozes-Kor, E. The Mengele Twins and Human Experimentation. In The Nazi Doctors and the 
Nuremberg Code; Annas, G., Grodin, M., Eds.; Oxford University Press: New York, NY, USA, 
1992. 

4. Francis, C.K. Medical Ethos and Social Responsibility in Clinical Medicine. J. Urban Health 2001, 
78, 29–45. 

5. Beecher, H.K. Ethics and Clinical Research. N. Engl. J. Med. 1966, 274, 1354–1360. 
6. Rettig, R.A.; Jacobson, P.D.; Farquhar, C. False Hope: Bone Marrow Transplantation for Breast 

Cancer; Oxford University Press: New York, NY, USA, 2007. 
7. Wells, F.; Farthing, M. Fraud and Misconduct in Biomedical Research, 4th ed.; Royal Society of 

Medicine Press Ltd.: London, UK, 2008. 
8. Williams, J.R. The declaration of Helsinki and public health. Bull. World Health Organ. 2008, 86, 

650–652. 
9. World Medical Associate Declaration of Helsinki. Ethical principles for medical research 

involving human subjects. Available online: http://www.wma.net/en/30publications/10policies/b3/ 
(accessed on 22 May 2015). 

10. The Belmont Report: Ethical Principles and Guidelines for the Protection of Human Subjects of 
Research (1978). Available online: https://archive.org/details/belmontreporteth00unit (accessed on 
5 March 2015). 

11. International Conference on Harmonisation of Technical Requirements for Registration of 
Pharmaceuticals for Human Use (ICH) 1995: Guideline For Good Clinical Practice E6(R1). 
Available online: http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/ 
E6/E6_R1_Guideline.pdf (accessed on 5 March 2015). 

12. Drews, J. Drug discovery: A historical perspective. Science 2000, 287, 1960–1964. 



Children 2015, 2 208 
 

 

13. DiMasi, J.A.; Hansen, R.W.; Grabowski, H.G. The price of innovation: New estimates of drug 
development costs. J. Health Econ. 2003, 22, 151–185. 

14. Pharmaceutical Industry. Available online: http://www.who.int/trade/glossary/story073/en/ (accessed 
on 5 March 2015). 

15. Hartmann, T. 11 major drug companies raked in $85 billion last year, and left many to die who 
couldn’t buy their pricey drugs. Available online: http://www.alternet.org/11-major-drug-companies-
raked-85-billion-last-year-and-left-many-die-who-couldnt-buy-their-pricey (accessed on 5 March 2015). 

16. Angell, M. The Truth about the Drug Companies. How They Deceive Us and What to Do about It; 
Random House: New York, NY, USA, 2004. 

17. Ethical Considerations For Clinical Trials On Medicinal Products Conducted With The Paediatric 
Population. Recommendations of the Ad Hoc Group for the Development of Implementing Guidelines 
for Directive 2001/20/EC Relating to Good Clinical Practice in the Conduct of Clinical Trials on 
Medicinal Products for Human Use. Available online: ftp://ftp.cordis.europa.eu/pub/fp7/docs/ 
ethical-considerations-paediatrics_en.pdf (accessed on 10 May 2015). 

18. Rose, K.; van den Anker, J. Guide to Paediatric Clinical Research; Karger: Basel, Switzerland, 2007. 
19. Rose, K.; van den Anker, J. Guide to Paediatric Drug Development and Clinical Research; 

Karger: Basel, Switzerland, 2010. 
20. Mulberg, A.E.; Silber, S.A.; van den Anker, J. Pediatric Drug Development: Concepts and 

Applications; Wiley-Blackwell: Hoboken, NJ, USA, 2009. 
21. Mulberg, A.E.; Murphy, D.; Dunne, J.; Mathis, L. Pediatric Drug Development: Concepts and 

Applications; John Wiley & Sons Ltd.: Hoboken, NJ, USA 2013. 
22. Directive 2001/20/EC of the European Parliament and of the Council 4 April 2001 on the 

Approximation of the Laws, Regulations and Administrative Provisions of the Member States Relating 
to the Implementation of Good Clinical Practice in the Conduct of Clinical Trials on Medicinal 
Products for Human Use. Available online: http://ec.europa.eu/health/files/eudralex/vol-
1/dir_2001_20/dir_ 
2001_20_en.pdf (accessed on 10 May 2015). 

23. Proposal for a Regulation of the European Parliament and of the Council on Clinical Trials on 
Medicinal Products for Human Use, and Repealing Directive 2001/20/EC. Available online: 
http://ec.europa.eu/health/files/clinicaltrials/2012_07/proposal/2012_07_proposal_en.pdf (accessed on 
10 May 2015). 

24. EU Commission—Public Health—Medicinal products for human use—Clinical trials—General 
Information. Available online: http://ec.europa.eu/health/human-use/clinical-trials/information/ 
index_en.htm#ct2 (accessed on 10 May 2015). 

25. Hilts, P.J. Protecting America’s Health; Alfred A. Knopf: New York, NY, USA, 2003. 
26. Shirkey, H. Therapeutic orphans. J. Pediatr. 1968, 72, 119–120. 
27. Ross, L.F. Children in Medical Research: Access versus Protection; Oxford University Press: New 

York, NY, USA, 2006. 
28. Wilson, J.T. An update on the therapeutic orphan. Pediatrics 1999, 104, 585–590. 
29. FDA Backgrounder on FDAMA 1997. Available online: http://www.fda.gov/regulatoryinformation/ 

legislation/federalfooddrugandcosmeticactfdcact/significantamendmentstothefdcact/fdama/ucm089
179.htm (accessed on 10 May 2015). 



Children 2015, 2 209 
 

 

30. Full Text of FDAMA Law 1997. Available online: http://www.fda.gov/RegulatoryInformation/ 
Legislation/FederalFoodDrugandCosmeticActFDCAct/SignificantAmendmentstotheFDCAct/FDA
MA/FullTextofFDAMAlaw/default.htm (accessed on 05 March 2015). 

31. Pediatric Research Equity Act of 2003. Available online: http://www.fda.gov/downloads/Drugs/ 
DevelopmentApprovalProcess/DevelopmentResources/UCM077853.pdf (accessed on 10 May 2015). 

32. FDA Fact Sheet: Pediatric Provisions in the Food and Drug Administration Safety and Innovation 
Act (FDASIA). Available online: http://www.fda.gov/RegulatoryInformation/Legislation/FederalFood 
DrugandCosmeticActFDCAct/SignificantAmendmentstotheFDCAct/FDASIA/ucm311038.htm 
(accessed on 10 May 2015). 

33. Rose, K. Ethical, Regulatory and Scientific Challenges in Paediatric Drug Development. Pharm. Med. 
2008, 22, 221–234. 

34. Regulation (EC) No 1901/2006 of the European Parliament and of the Council of 12 December 2006 
on Medicinal Products for Paediatric Use and Amending Regulation (EEC) No 1768/92, Directive 
2001/20/EC, Directive 2001/83/EC and Regulation (EC) No 726/2004. Available online: http://eurlex. 
europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:378:0001:0019:en:PDF (accessed on 10 May 2015). 

35. Fiebig, D. Preparing the Paediatric Investigation Plan application. Med. Writ. 2012, 21, 108–113. 
36. Tomasi, P. Writing applications for Paediatric Investigation Plans and waivers. Med. Writ. 2012, 

21, 1–4. 
37. Kearns, G.L.; Abdel-Rahman, S.M.; Alander, S.W.; Blowey, D.L.; Leeder, J.S.; Kauffman, R.E. 

Developmental pharmacology—Drug disposition, action, and therapy in infants and children. N. Engl. 
J. Med. 2003, 349, 1157–1167. 

38. International Conference on Harmonisation (ICH) Guideline 2000: Clinical Investigation of 
Medicinal Products in the Pediatric Population E11. Available online: http://www.ich.org/fileadmin/ 
Public_Web_Site/ICH_Products/Guidelines/Efficacy/E11/Step4/E11_Guideline.pdf (accessed on 10 
May 2015). 

39. Nelson, R.M. Additional Protections for Children Enrolled in Clinical Investigations. In Pediatric 
Drug Development—Concepts and Applications; Mulberg, A.E., Silber, S., van den Anker, J.N., Eds.; 
Wiley-Blackwell: Hoboken, NJ, USA, 2009. 

40. Schachter, A.D.; Ramoni, M.F. Paediatric drug development. Nat. Rev. Drug Discov. 2007, 6, 429–
430. 

41. Neubauer, D.; Laitinen-Parkkonen, P.; Matthys, D. Ethical Challenges of Clinical Research in 
Children. In Guide to Paediatric Clinical Research; Rose, K., van den Anker, J., Eds.; Karger 
Publishers: Basel, Switerland, 2007. 

42. Pritchard-Jones, K.; Pieters, R.; Reaman, G.H.; Hjorth, L.; Downie, P.; Calaminus, G.;  
Naafs-Wilstra, M.C.; Steliarova-Foucher, E. Improving cancer care for children and young people. I. 
Sustaining innovation and improvement in the treatment of childhood cancer: Lessons from  
high-income countries. Lancet Oncol. 2013, 14, e95–e103. 

43. Rose, K.; Senn, S. Drug development: EU paediatric legislation, the European Medicines Agency 
and its Paediatric Committee—Adolescents’ melanoma as a paradigm. Pharm. Stat. 2014, 13, 211–
213. 



Children 2015, 2 210 
 

 

44. Vassal, G.; Zwaan, C.M.; Ashley, D. Improving cancer care for children and young people III. 
New drugs for children and adolescents with cancer: The need for novel development pathways. 
Lancet Oncol. 2013, 14, e117–e124. 

45. Adamson, P.C. Unintended consequences of regulatory initiatives in childhood cancer drug 
development. JAMA Pediatr. 2013, 167, 886–887. 

46. Sullivan, R.; Kowalczyk, J.R.; Agarwal, B.; Ladenstein, R.; Fitzgerald, E.; Barr, R.;  
Steliarova-Foucher, E.; Magrath, I.; Howard, S.C.; Kruger, M.; et al. Improving cancer care for 
children and young people IV. New policies to address the global burden of childhood cancers. 
Lancet Oncol. 2013, 14, e125–e135. 

47. Stiller, C.A.; Kroll, M.E.; Pritchard-Jones, K. Population survival from childhood cancer in Britain 
during 1978–2005 by eras of entry to clinical trials. Ann. Oncol. 2012, 23, 2464–2469. 

48. European Medicines Agency: Successes of the Paediatric Regulation after 5 years, August 2007-
December 2012. EMA/250577/2013. Available online: http://www.ema.europa.eu/docs/en_GB/ 
document_library/Other/2013/06/WC500143984.pdf (accessed on 10 May 2015). 

49. European Commission: Better Medicines for Children. From Concept to Reality. Progress Report 
on the Paediatric Regulation (EC) N°1901/2006. Available online: http://ec.europa.eu/health/files/ 
paediatrics/2013_com443/paediatric_report-com(2013)443_en.pdf (accessed on 10 May 2015). 

50. Rose, K. European Union Pediatric Legislation Jeopardizes Worldwide, Timely Future Advances 
in the Care of Children with Cancer. Clin. Ther. 2014, 36, 163–177. 

51. Rose, K. The Vision of Better Medicines for Children and the Role of Regulatory Authorities. 
Pharm. Regul. Aff. 2014, 3, e127.  

52. European Medicines Agency decision CW/1/2011 of 19 December 2011 on a class waiver on 
condition(s) in accordance with Regulation (EC) No 1901/2006 of the European Parliament and of 
the Council. Available online: 
http://www.ema.europa.eu/docs/en_GB/document_library/Other/2011/12/WC500119981.pdf 
(accessed on 22 May 2015)  

53. European Medicines Agency: Dabrafenib PIP decision 2013. Available online: http://www.ema. 
europa.eu/docs/en_GB/document_library/PIP_decision/WC500154388.pdf (accessed on 10 May 2015). 

54. European Medicines Agency: GSK 2118436 PIP decision 2012 Available online: http://www.ema. 
europa.eu/docs/en_GB/document_library/PIP_decision/WC500124519.pdf (accessed on 10 May 2015). 

55. European Medicines Agency: Ipilimumab PIP decision 2012. Available online: 
http://www.ema.europa.eu/docs/en_GB/document_library/PIP_decision/WC500130769.pdf (accessed 
on 10 May 2015). 

56. European Medicines Agency: Mage-A3 recombinant Protein PIP decision 2012. Available online: 
http://www.ema.europa.eu/docs/en_GB/document_library/PIP_decision/WC500131210.pdf (accessed 
on 10 May 2015). 

57. European Medicines Agency: RO 5185426 PIP decision 2011. Available online: http://www.ema. 
europa.eu/docs/en_GB/document_library/PIP_decision/WC500106279.pdf (accessed on 10 May 2015). 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/4.0/). 


	1. Clinical Trials
	2. Clinical Trials in Children
	3. Ethics Committees/IRBs
	4. Modern Drugs and Children
	5. Reflections on Pharmaceutical Pediatric Legislation
	6. Ethics Committees/IRBs and Clinical Trials in Children
	7. Ambitions of the European Medicines Agency (EMA) and its Paediatric Committee (PDCO)
	8. Conclusions
	Acknowledgments
	Author Contributions
	Conflicts of Interest
	References

