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Medicines for Children

Summary of a Symposium organised by the Academy dedical Sciences
Forum at the Royal Institute of British Architects, London, 14 June 2004

This paper should be read in conjunction with tpeakers’ abstracts which are
attached at Appendix A.

In opening the first session on Requirements ando&®ees, the Chairmargir
Alasdair Breckenridge (MHRA) summarised the currently unsatisfactoryestattthe
provision of medicines for children: there was udisuanly limited evidence for
efficacy and safety, formulations were often urehlg and dose selection uncertain.
Issues for conducting clinical trials — relatingdthics, recruitment and incentives —
would be discussed in detail in the Symposium &edd issues concerned academia,
industry, regulatory bodies and the public.

Sir Alasdair also delivered a message on behalieHealth Minister, Lord Warner:
Government emphasised that medicines should beoppgtely formulated and
licensed; that the topic of medicines for childneould be a priority for the UK
Presidency of the EU in 2005; that new funds weriedp provided for the expansion
of paediatric research networks; and that otheessary actions would be taken while
awaiting the EU Regulation on paediatric medicines.

Julia Dunne (MHRA) reviewed theRegulatory requirements for medicines in
children There are currently no specific requirementsegulations in the EU. The

1999 ICH guidelines advise that paediatric patiesftsuld be given medicines that
have been appropriately evaluated and formulated, déug development plans
should include paediatric populations when usehivs¢ less than 18 years old is
anticipated. However, for those drugs with potdnp@ediatric use approved by the
EMEA centralised procedure over the period 199542@dly 45% had a paediatric
indication at authorisation. Furthermore, unlicetiseff-label medicines were used
for 90% of patients in neonatal Intensive Care §Jrii0% in paediatric ICUs, 50% in

medical/surgical paediatric wards and 30% in princare.

The EU is behind the US in relevant legislation, #uraft proposal for a Regulation
is now out for public consultation. The Commisshwpes to adopt the proposal by
mid 2004 and finalise the Regulation by the en@@®6 (hence the priority for the

UK Presidency in 2005). The objectives of the Ratioh are to increase high quality
research into medicines for children, increaseabailability of authorised medical

products and improve the information available lo& ise of medicines for children.
The proposal contains key elements:

* To establish a new EMEA advisory body, the EusspPaediatric Board (PB);

* For new products, to require companies to prepdPaediatric Investigation Plan
(PIP), examined and agreed by the PB, whose reuiillifoe included in the
Marketing authorisation (MA) (and also in applicas for new indications,
dosage forms and routes of administration);
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» For off-patent products, to allow Paediatric W4& — and this use of the product
will be informed by work conducted within a Paed@m&tudy Programme;

* Incentives for paediatric R&D are proposed — mrsonth extension of the
existing Supplementary Protection Certificate (SP&)the MA application
contains the results of all measures agreed inPtRe the product is marketed
within 12 months, and relevant information is irde#d in the summary of product
characteristics. For older drugs, the proposedniee is 10 years exclusivity on
data within the submission;

* Requiring other industry and regulatory body cdtmmants - to market in all
Member States, to conduct effective pharmacovigagario develop clinical trial
networks and databases at the EU level and antionyeaf therapeutic needs to
guide finding in the Paediatric Study Programmas Tiwventory construction will
be challenging and the funding and management ef Rltogramme will be
controversial.

While this EU Regulation is being progressed, tHdRWA is acting to collect relevant
information (e.g. from MA holders granted FDA e»xdility), to agree guidance (e.g.
on paediatric pharmacovigilance) and to encouragepanies in paediatric medicine
development. In addition, a major part of the neadyablished UK Clinical Research
Collaboration will be focusing on the NHS Reseaidbtworks for Infants and

Children.

In opening the discussionCharles Bouchard (MSD, Belgium) presented the
perspective from EFPIA on the proposed EU Reguilatidhe European

pharmaceutical sector supported the original Elanpdealth Council resolution in
2000 and welcomed its objectives to encourage Eaogpaediatric research, build
infrastructure and generate appropriate labellivigle avoiding delay in new product
approval. EFPIA observed that the US FDA initiathad succeeded very well but
expressed concerns on some of the EU recommensgation

i. EFPIA objects to the mandatory requirement tbnsii PIP results at the
time of MA filing, advising that there should be sach linkage between
submissions of paediatric and adult data;

ii. EFPIA proposes a 12 month rather than 6 monttersion of existing
rights, whether SPC or patent, in order to achasemilar impact to the US
incentive, i.e. adjusting for the smaller size &k tEU markets and
compensating for the delay in building infrastruetuand the relative
weakness of EU public research (Framework Prograshime comparison
with the US NIH;

ii. EFPIA accepts the obligation to market, subjéz national pricing and
reimbursement procedures having been concluded.

Subsequent general discussion debated whetherRRAEequest for an extended
period of protection could be perceived as excessivmerely designed to render the
Regulation effective and the EU competitive witte tdS. Moreover, the EFPIA

recommendation to assess an application in childeerally only after evaluation in

adults can be seen as an ethical position (mimgikarm) but the current situation —
unregulated and haphazard — is unsatisfactory eedsbants differed on the extent to
which it was judged advisable to defer paediaggearch, potentially disadvantaging
children, until adult studies were completed. Dgsants were agreed, however, in
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expressing frustration at the slow pace of EU dgwalents and queried whether
studies should be initiated now, pending legistatid/hile there was a precedent —
when SPC legislation was first introduced (withacbment period) — it might be
difficult to introduce retrospective incentives,dathe new requirement that the
Commission must perform Impact Assessment befayeslaging has added to the
general uncertainty. Discussants also emphasi&eg acientific point — that the data
generated must be specific for age groups ratlaer éissuming that paediatric data are
homogenous.

Greg Kearns (Children’s Mercy Hospitals and Clinics, KansasyLidescribed the
US experience:Paediatric trial networks and trial personnelln the US,
approximately 80% of marketed drugs are not yaably labelled for paediatric use
so that determining an appropriate dose is a masue. However, previous
challenges and constraints to paediatric R&D (whetbcientific, logistical, legal,
ethical, programmatic or regulatory) are not nowcpered as insurmountable and the
FDA initiatives (1997 Paediatric Study RegulatioR803 Paediatric Final Rule) have
been accompanied by the development of new resemteorks (see abstract). The
NIH Paediatric Pharmacology Research Unit (PPRUIE was described in detail
— the initial primary mission was improved paedatabelling but there has been a
growing emphasis on translational science (and alsw on basic research). Work is
predominantly Phase | and Il with some Phase Uk pdff-patent drug initiatives —
this is a network of clinical pharmacology rathear clinical trials.

The essential characteristic of a PPRU is cooperatvithin the institution and
collaboration between institutions and networkscl(iding internationally) — to
embody expertise within the specialised, multigioary centre of excellence for
patient care, formulation skills, clinical trialglgn and management, pharmacokinetic
and pharmacodynamic (PK/PD) studies and transktioscience (including
pharmacogenetics, bioinformatics, experimental giad).

One point raised in discussion related to the oblparents in PPRU activities — this
role was acknowledged to be very important andeient report from the Institute of
Medicine (“The ethical conduct of clinical reseainkolving children”) was cited as
providing guidance, e.g. on compensation for parésbsistence expenses) as well
as appropriate incentives for the child. The predes priority setting for the portfolio
of activities within a PPRU was also clarified —opities are determined by the
institution, which also has input into the desigrexternally funded protocols.

Tony Nunn (Royal Liverpool Children’s NHS Trust) covereg@ormulation of
medicines for childrems part of the second session of the Symposiuifechnical,
Scientific and Medical Issues. There is a histdrglimical pharmacology concerns in
paediatric medicine relating to excipients as veslithe active drug substance, e.g.
diethyleneglycol as solubiliser, benzyl alcohol @eservative, sucrose and dental
caries, azodyes and hyperactivity. There are agmitant pharmacy considerations
with regard to the adaptation of adult dosage foams off-label use. Age-dependent
changes in the appropriate magnitude of the dosleahility to cope with dosage
forms require a range of dosage formulations angteso of administration in
paediatric medicine. Particular problems ariseyfmmger children unable to swallow
tablets or capsules, although modern dosage fonmg Bome advantages (even if
initially designed for adults, see abstract). Exteraneous dispensing by pharmacists
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introduces several formulation and stability issaesociated with quality control of
the procedure, validation of shelf life of the pwot characterisation of
bioavailability, and the absence of standard pejans.

In looking to the future, the desired paediatricnfalation can be specified as:
minimum dosage and frequency of dosing, one dodaga appropriate for all

patients, minimum impact on life style of recipiemon-toxic excipients. In the
meantime, it must be recognised, that children ireqa better choice of dosage
forms; while the situation in the EU may improveeaf2006, there is need now to
persuade manufacturers to provide alternative ftatimns and to ensure that
pharmacists and carers have sufficient informatidren adapting current dosage
forms.

Among the points emerging in discussion:

* Referring to previous presentations, it was reted that there are particular
problems in off-label use in the neonatal ICU;

* Pharmaceutical technology advances, e.g. in maiilmg, are not within the
scope of the pharmacy — might there be a role fanufacturers to prepare new
formulations on behalf of the pharmacy?

* Pharmacies with a particular expertise have adep role and responsibility in
acting as a “help desk” to advise others.

Gérard Pons (Saint Vincent de Paul Hospital, Paris) providedoaarview onDrug
metabolism and pharmacokinetics in childreovering drug absorption, distribution,
metabolism and excretion (see abstract for detdidferent metabolic pathways
demonstrate different maturational profiles durogyvelopment, as exemplified by
variability in the cytochrome P450-dependent enz/nitence, drugs are metabolised
in different ways according to age, e.g. the vamatin relative degree of
glucuronidation and sulphation of paracetamol.

In summarising across the PK determinants, by coisgra with adults, neonates
have decreased drug clearance so require lowetiveeldose to avoid risk of
overdose, while infants have increased clearanceegaire higher relative dose, to
avoid risk of sub-therapeutic response. As dataitethe abstract, children must be
regarded as a heterogeneous group (ICH classifigatAs a consequence, PK data
obtained in adults cannot be extrapolated to ofildusing a proportionality rule
based either upon body weight or surface area.

In discussion, the potential value in constructiagcomprehensive database of
cytochrome P450 protein maturation was noted, deoto interpret and predict age-
dependent changes in drug metabolism and in dsgpsition. This prediction may
help at focussing more appropriately drug studigend drug development according
to age and facilitate the assessment of PK parasnatel the dose required according
to various age classes. However, equivalent daanat yet collated for different
adult (ethnic) groups - and such work would alsb l@@tter understanding of genetic
influences on the variation in drug metabolisingyenes.

Terence Stephenson(Queen’s Medical Centre, Nottingham) consideredw
children’s responses to drugs differ from aduks a broad generalisation it was
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judged that, by contrast with PKs, children’s PBp@nse to drugs differs less and the
adult-child differences that have sometimes besnrasd can often be attributed to
inadequate data.

However, there are some well-established examplE®differences:

« Different variants of disease; e.g. genetic ¢@iles associated with
channelopathies in children show a better respémssandard drugs, blocking
voltage-gated ion channels;

» Effect of development on ADRS; e.g. increasegnadte hepatotoxicity in young
children, tetracycline stain of developing enam&tjoramphenicol and grey
baby/young infant syndrome (variable conjugationdiyP-glucuronyltransferase
isoforms);

» Age-dependent differences in drug effectivenesg; warfarin (at similar blood
levels);

* Pharmacogenomics; e.g. receptor polymorphism teta2 bronchodilator
agonists, and developmental pharmacogenomics; gege switching during
development or different isoforms from post-tratiel@al splicing during
development.

There is also the possibility of “programming” —parmanent effect of a stimulus

applied at a sensitive point in development; aniraseéarch suggests the possibility of
such an effect with corticosteroids and this migéwe implications for post-natal use
of steroids.

While many have noted the impediments to paediagsearch (e.g. small market
size, concerns on litigation, ethical issues), &sbr Stephenson contended that there
were significant opportunities for new researclysirated by discussion of the
PIVOT (Pneumonia IV versus Oral Treatment) studhe first randomised control
trial for children with community acquired infectipand by the enthusiasm for the
new UK research network, if the new funding is usesktly.

In discussion, it was agreed that PD differenceswasre pronounced in neonates. The
issue of what needs to be done in research adnesEW to match the US research
excellence was again raised — and whether develapofieetworks dilutes the focus
of public funding on centres of excellence. Thefgued position may be a network
comprising a relatively small number of centregheaith critical mass.

The third session, Practical Experience with Chhi€rials in Children, focusing on
disease area case studies, commenced Witdrew Pearson (University of
Newcastle upon Tyne) providing an overview @lnical trials in childhood cancer
with particular reference to Phase I, Il and lldgsharmacological studies. The UK
Children’s Cancer Study Group (UKCCSG) now provides national,
multidisciplinary approach to advancing care thtougsearch, being responsible for
both protocol development and trial management, aitfi strong links to the
National Alliance of Childhood Cancer Patient Orngations. There is an established
UKCCSG pharmacology network involving 13 centred &uropean links. Specific
objectives and scientific issues are describechénabstract and, reinforcing points
made by previous speakers, some of the key practiadlenges identified were:



The Academy of Medical Sciences | FORUM

» Lack of appropriate drug formulations — capswésn cannot be taken by young
children (e.g. 6-mercaptpurine, temozolomide), saspns may be unpalatable
and disguising taste (e.g. openingclSretinoic acid capsules into ice cream) may
reduce bioavailability;

» Inappropriately delaying paediatric medicine exsh and access until after adult
clinical development is completed — early effortrecommended in paediatric
tumour models in order to identify whether paediattevelopment might be
warranted,;

» Dose selection has often been empirical but angadrategy should now be based
on data relating safety to blood levels — suchistudre often constrained by lack
of resource, e.g. research nurse availability;

* Clinical trial recruitment — while 80% of eligiblpatients enter Phase Il studies,
randomisation rates are still lower than in othesmrdpean countries; the
development of specialised phase I-1l centressis akeded.

Discussion concentrated on issues for trial deaighh management — the objective to
demonstrate clinical superiority in new agentsh@atthan equivalence) requiring

relatively large trials. In consequence, internadiocollaborations were essential in
recruiting into large trials. The use of populatPik and PD measurements was found
to be very useful in smaller studies. Professor$enalso noted that the impact of
the European Clinical Trials Directive had not bespecially problematic although

additional data management resource is now required

Michael Levin (Imperial College London) described his experiemgth Clinical
trials in childhood infectiorwith particular reference to meningococcal sepsigre
mortality rates had, essentially, little improvedridg the last 50 years. Although
there has been significant progress in charaatgrishe role of mediators of
inflammation in multiple organ failure, the availdtly of many potential sites for
therapeutic intervention (e.g. endotoxin productiaytokine receptors, clotting
pathways) had inspired enthusiastic initial invgeiions but little controlled clinical
trial data on comparative efficacy or safety. Fxaraple, it is difficult to interpret the
retrospective analysis of high rates of intracrhi@@morrhage after use of t-PA
because there are no control data.

While there is need for placebo-controlled studyeaperimental therapies in this
indication, such studies are difficult to conduetause of the very rapid progression
of sepsis and because patients are often too®io& moved to a specialised research
centre. In this context, the development of a negiocentre with specialised
resuscitation and transport facilities was founhfut in reducing mortality rates. But
there are other problems:

* The meningococcal market may be perceived asiaal to support commercial
development of therapeutic agents even if thergyded initial evidence of
improved outcomes, e.g. for Bactericidal Permeghiiducing Protein;

* It can be difficult to evaluate and extrapoldie potential paediatric relevance of
data collected in adult studies. For example, g RROWESS adult meningitis
study, correcting a dysfunction in activated pnot€l decreased mortality but
increased bleeding risk — what is the likelihoodd awhat might be the
implications of finding a different risk-benefit ohildren?
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In discussion, the reason for decreased mortalitheé specialised paediatric research
unit was explored further, being attributed to &etinderstanding of pathophysiology

and the introduction of standardised algorithmsclorical practice rather than to the

availability of new therapies.

The final case study was contributed Mike Devoy (GlaxoSmithKline) onClinical
trials in young children with asthma\ational Asthma Campaign data show that
paediatric asthma episodes reported in the UK Q12 are six-fold higher than 25
years earlier. There are many practical issuesefaearch with the youngest children
(1-4 years old) who bear the greatest burden &fadis (see abstract for details). For
example, there may be difficulties in distinguishiwheezing phenotypes in early
childhood; there is a need to recruit and measffi@aey of intervention in terms of
symptom severity and frequency rather than lungction measurement; sample
(urine, blood) collection techniques may need to dostomized and cannot be
assessed in terms of a laboratory normal range abdes; and relatively slow
recruitment rates must be envisaged. Safety entdpoinchildren receiving steroids
also need particular attention — and new FDA reguoents for steroid growth studies
set demanding standards for the duration of measne need for comparators,
study size and analysis.

Practical lessons learned from the conduct of astsimdies with young children can
be generalised — the importance of identifying goedearch clinics; involving
parents (in supporting their child and recordingicomes); increasing General
Practitioner referral and involvement; planning &chieve realistic recruitment
timeframes and choosing appropriate endpoints. &elsemanagement issues were
further emphasised in discussion - the need fodgdanning and realistic goals, the
incorporation of research training during the prapige phases rather than during
recruitment, together with recognition of the paianvalue of NHS patient
information databases in identifying participants.

The final session on Unmet Needs and Parental Camiopened with a presentation
by Sir David Hull (Royal College of Paediatrics and Child Health)rabterising the
historical interplay of scientific, economic andlipoal issues. In reviewing recent
developments across a range of challenges (semethsthe following points were
highlighted:

* Information — the British National Formulary wasw taking over the effort to
develop a formulary of medicines for children thadught together evidence on
best practice (including off-label/unlicensed usegh protocols. It is hoped that
this development will reassure Trusts that unlieenmedicines could be used,
while also identifying those medicines that reqdiingher inquiry;

* Interpretation — it is agreed that the Commissioproposed Regulation is a
worthy objective, if the Paediatric Board has tmef@ssional ability to interpret
the relevance of data to children at different etagf development and providing
that prescribing is not excessively restricted;

» Surveillance and clinical appraisal — much mogeds to be done to identify the
evidence available to support dose selection. Ehigroposed as a professional
responsibility of the health services such thapeadictitioners should expect to be
involved in structured evaluation rather than mdyon the enthusiasm of a few
researchers. Randomised control trials may be iotiped (e.g. in rare diseases)
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and structured observational studies can be vdpfutie- particularly in recording
developmental diversity.

Individual personal perspectives on medicines foldeen were contributed by three
parents:

» Peter Richards(experience with epilepsy) emphasised that pasamdscarers had
much to contribute as reliable witnesses of reseavased on their long-term
experience and consistent observation. Particulacerns were raised relating to
potential long-term safety issues; the importande facilitating delivery
mechanisms for emergency medication; and assedsingg efficacy in terms of
guality of life improvements.

» Danielle Taylor (experience with Acute Lymphoblastic Leukaemia)sedi
several concerns relating to formulation of medisir{e.g. need to differentiate
packaging of different doses) and clinical trialrte@pation: the difficulty of
making informed decision to consent, particularlythwrespect to parental
understanding as to whether a randomised clinidal tvas addressing an
important area of uncertainty. This individual enpece identified important
general issues for parent-investigator relationshgav much information should
be provided when seeking consent and whether tsboald be more lay
involvement in protocol development.

* Richard Palmer (Chairman of the National Alliance of Childhood C€anParent
Organisations and a parent of a child who had eanpeovided further
perspective on a range of issues relating to parerpectations, their attitudes to
randomised trials and desire for information pt@participation.

Parents often do not understand the complexitiés science, clinical procedures,
regulations — and need simpler information togethién good rationale for involving
their children in research;

There must be pragmatic, better, use of existifigrimation (so that trials do not
unnecessarily duplicate previous work) and stresmgtig of the scientific
interchange, across companies, academia and meelearch charities;

Small populations necessitate introduction of negearch methodologies;

The availability of new drugs and better treatmentsst not be limited by raising
barriers for entry and there must be appropriatertives for all involved.

In the final general discussion, many of the poimtade by parents (and other
speakers) were reinforced:

* Parents should be more involved in collectingadat

» Better international sharing of data by researchmight help to prevent trials
being initiated unnecessarily. Because it can b#icdi to fully inform
participants during times of great stress, parargsasked to trust researchers but
parents also need to know that research is apprioyesthics review and is not
duplicating what is already known;

« Randomisation into a research trial at the tirhaliagnosis is often a difficult
challenge for all involved — what are the altewedl? The research design options
need to be better debated within the research catyne for example can
information be collated from separate studies rathan from the randomised
arms within a study?
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In summary, Sir Colin Dollery (Academy of Medical Sciences and
GlaxoSmithKline) emphasised some of the principalssages emerging from this
Symposium for attaining the objective of safe affdative therapies of appropriate
dosage form. While the EU was now following the td8del in combining regulation
and incentives to address the hitherto unmet medieads, this will require
significant effort to be successful across the fogieneous European cultures. Key
prerequisites can also be identified:

* Medical personnel — particularly leadership ireghatric research combined with
expertise in experimental medicine (and advancethni@ogy, e.g. imaging
facilities appropriate to children) but also newheds, e.g. research nurses, to
combine a high standard of care with research ke,

» Specialist research centres — how many centrié&wiope need?

» Parental commitment — and taking account of $saes raised by parents;

* Medicines — while many now advocate initiatinglga@esearch on new drugs for
children, would this be appropriate for agentsracton novel targets when so
little is known about safety?

* Formulation — a need for differentiated dosagem® and new regulatory
requirements for stability and reproducibility data

» Informatics capability — to improve collectiondamse of both “soft” data (e.g.
observations from parents) and “hard” data (e.gumasion of drug metabolising
enzymes);

* Funding — a need for Government to set up centresmulate the US research
excellence; for industry to collaborate with thepest academic centres and
patient groups; and for patient groups to develdpcational and advocacy
strategies to influence policy makers.

In conclusion, Sir Colin reiterated that this Symipon was intended to stimulate
ongoing dialogue. Reflecting the initial requesbnir the Health Minister, the
Academy of Medical Sciences now invites further ament on issues to take forward
— particularly in the context of the UK EU Presidgmpriorities for 2005.

Robin Fears, July 2004

Notes:

The independent Academy of Medical Sciences prosnativances in medical science and campaigns
to ensure these are translated as quickly as pessito benefits for society. The Academy’s 800
Fellows are the United Kingdom'’s leading medicaestists from hospitals, academia, industry and
the public service. The Academy’s Officers are: @ith Peters, FRS, PMedSdPresiden); Lord
Turnberg, FMedSci\(ice-President Sir John Skehel, FRS, FMedSdi¢e-Presider)t Sir Colin
Dollery, FMedSci Treasure} and Professor Patrick Vallance, FMedSRegistra).

This summary is available at http://www.acmedscile_pubs.htm.
Further details may be obtained from:

Forum Officer, Academy of Medical Sciences, 10 @arHouse Terrace, London SW1Y 5AH, UK
Tel: 020 7969 5287, apollo@acmedsci.ac.uk
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Medicines and Healthcare Products Regulataygicy
European Medicines Agency

Intensive care unit

Paediatric Investigation Plan

Supplementary Protection Certificate

Marketing Authorisation

European Federation of Pharmaceutical Inghss& Associations
Food and Drug Administration (US)

(European) Paediatric Board

US National Institutes of Health

Adverse drug reaction

International conference on harmonization
Pharmacokinetics/pharmacodynamics

United Kingdom’s Children’s Cancer Study ®ro
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APPENDIX A: ABSTRACTS

Programs and Networks for Paediatric Clinical Pharmacology

Dr Gregory L. Kearns, Pharm.D., Ph.D. (Marion Méri2dow / Missouri Chair of
Pediatric Pharmacology; Professor of Pediatrics Bhdrmacology, University of
Missouri — Kansas City; Chief, Division of PediatiPharmacology and Medical
Toxicology, Children’s Mercy Hospitals and Clini¢éansas City, Missouri USA)

The successful study of drug disposition, actidficacy and safety in paediatric
patients requires a carefully orchestrated, muiigiinary collaboration. An
outstanding environment for the delivery of patieate does not necessarily translate
into an ideal site for the conduct of a clinica@ltr In contrast, the excellent paediatric
clinical trial often emanates from an institutiohave a specialized infrastructure has
been assembled.

The framework of an institutional infrastructure fwonducting a paediatric clinical
trial will be determined, to a great extent, by theure of a specific clinical trial.
Evaluations of drug safety / efficacy (Phase lil#) can be successfully completed
by clinicians who provide care for infants and dheén with a specific condition under
study provided that they are supported by clinfealearch coordinators (eg., nurses,
pharmacists) who are specifically skilled in clai¢rials. Clinical trials which have
pharmacokinetic and/or pharmacodynamics objectigstheir primary goal (eg.
Phase | — Il trials) are best accomplished whelidysteam” is assembled consisting
of professionals with complimentary expertise (egaediatricians, clinical
pharmacologists, nurse research coordinators, @wsts), all skilled in the care /
treatment of infants, children and adolescents afi as the rigors of clinical
investigation. Finally, the successful conductaafy clinical investigation requires
specific institutional resources (eg., a humancalliommittee, an office(r) to address
regulatory / compliance issues, a research pharnaagsants/contracts office) that are
dedicated to the research process and serve tdatecit as well as to protect the
institution, the professionals involved in the @®f process and most importantly,
the patients who serve as participants in the resea

In both the United States and Europe, new (andipghdegulations and legislation
focused on enhancing the inclusion of paediatritepts as subjects in clinical drug
trials has created a demand for increased numbéisase | through Il studies in this
subpopulation. In many instances, this demand exlcehe capacity of a given
program or institution to effectively conduct mplé investigations and also, the
internal capacity of pharmaceutical companies ¢ater internal pediatric prograrde
nova In an attempt to address this challenge, pediatinical pharmacology
networks have evolved in the U.S. (eg., the NIHi&eid Pharmacology Research
Unit Network) and currently, are “under developnientseveral European countries
(eg., the U.K., the Netherlands, France, Germanyd function effectively, these
“networks” must be comprised of institutions whicAve demonstrated capability in
the conduct of paediatric clinical trials, both épeéndently and in collaboration with
other institutions. As well, they must containtingions that bring complimentary
expertise to the venture, working in a cooperasind collaborative relationship so as
to bring a “multiplier effect” to the effort as ahele. Ideally, such networks will have
expertise in the requisite areas representing pedielinical pharmacology (eg.,

11
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formulation  development, bioanalytical, pharmacekitypharmacodynamics
analyses, pharmacogenetics/pharmacogenomics) aral @®perative, be able to
leverage involvement with various paediatric subsgies required to add truly
specialized expertise to study design and intemficet, and to provide skilled
capabilities for the identification and evaluataipotential study participants.

Formulation of Medicines for Children
Mr Anthony J Nunn (Clinical Director of PharmacypyRl Liverpool Children’s NHS
Trust)

Clinical pharmacology and paediatric medicine uguakcus on the drug substance or
‘active’ and less frequently on the drug preparatiand its other ingredients
(excipients). However, pure drug substances amlyradministered to patients but
are presented as dosage forms suitable for thadeteroute of administration, for
example tablets, capsules and liquids for oral adtration. With the addition of

excipients, drug substances are turned into seitgbéparations by formulation

scientists, taking into account acceptability t@ tpatient or carer; the need for
physical, chemical and microbial stability to prde@ian adequate expiry period during
distribution, storage and use; interactions witbkaaing and administration materials
and the problems of handling materials on a manufeg scale.

Many medicines are administered orally to childeentaste, texture and smell are
very important for acceptability. Because childh@odl adolescence span a variety of
ages, weights, preferences and abilities, a rahgeeparations may be required to
allow accurate and convenient dose administratailtpaediatric age groups. Infants
and children may benefit from modern oral dosagem$oincluding sustained release
solid and liquid formulations, fast-dissolving sblidoses for buccal or oral
administration, chewable tablets and multiple wisage forms containing solid
particles with variable drug release charactesst®uch ranges of preparations may
be limited because of commercial constraints buer@hthe market is large the
pharmaceutical industry has demonstrated thahibeainnovative and meet the needs
of the diverse paediatric population. However, margdicines for children are used
‘off-label’ so the commercial drug preparation Hasen designed for adults and is
often presented as an adult single dose. Admitistrao the child may require
manipulation such as cutting or crushing of tablefening of capsules, dispersing in
water or addition of powder to food.

If suitable formulations are not commercially awbie they may be prepared
extemporaneously or manufactured on a small scal@harmacists manipulating

various drugs and chemicals using traditional campng techniques. The practice
is widespread and may use commercial dosage foeng (ablets, capsules,

injections) as starting materials or pure chemingtedients. Formulations may be
published in national reference works and jourealsnay have been constructed ‘in
house’. The physical, chemical and microbiologishélf life of the products may

have been established with appropriate tests or Imaag been assigned arbitrarily.
Rarely are bioavailability studies performed to destrate that extemporaneous
preparations have the same absorption charaatsrasicommercial preparations.

The availability of licensed formulations of medies specifically designed for
children is far from optimal. Improvements in licémg regulations may provide the
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incentives to produce a variety of modern dosagagdahat help improve compliance
and concordance and exert minimum effect on lifdestUntil this happens it is

important that carers and pharmacists have suiticieformation to adapt ‘adult’

dosage forms to the needs of children.

Drug metabolism and pharmacokinetics in Children
Professor Gerard Pons, MD, PhD (Paediatric andh&@iiPharmacology —
Rene Descartes University — Saint Vincent de Pasipial, Paris, France)

Children are different because they cannot takée thedications like adults. They
cannot swallow tablets or capsules below 6 yeaegyef They therefore need specific
drug formulations: solutions, suspensions, powdgcrogranules. The formulations
have to have a good acceptability, i.e good pailéiablV formulations need to have
appropriate concentrations: aliquots of sufficiemmiume have to be handle for
adequate precision and safety. Intramuscular iojestare painful and sometimes at
risk of side effects. Aerosol sprays for asthmatidren cannot be used reliably
below 8 years and children need to use a speciataean inhalation chamber.
Children are different from adults because drudsalie differently in their body. The
fate of drugs is different in the body of childréihe effect of drugs is different in
children: the magnitude of the response may beifft; the nature of the response
may be different, some side effects only occurhirdcen as their bodies undergo
growth and maturation.

Data regarding the influence of maturation on itiw@$ drug absorption are scanty
probably due to the invasiveness of availabilitydgts. Rectal route is a very
interesting route for rapid and large absorptiond@zepam in the treatment of
convulsions in emergency situations. Cutaneousrphien is a matter of concern in
children as the relatively higher dose absorbeautin the skin compared to adults is
likely to be associated with systemic side effects.

Most of the maturational changes regardingg distribution occur during the first
year of life. Drug distribution in body water isaracterised by increased volumes of
distribution mostly during the first year of lifeThe differences regarding the
distribution in body fat is mostly observed in infa. Protein binding to albumin and
al-glycoprotein is decreased in neonates and theratain reaches the adult level
before the end of the first year of life.

As a whole the expected differences compared titsadte characterised by higher
volumes of distribution during the first year dEli

Maturational changes idrug metabolism in children are defined by two main
features: the different maturational profiles oé tharious metabolic pathways, the
maturity being consequently reached at differemsagf childhood; the second main
feature is the higher metabolic clearance in irfamtd young children as compared to
adults.

Most of the maturational changesdnug elimination through glomerular filtration
and elimination occurs during the first month &é.li
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These various maturational pharmacokinetic chanigeshildren illustrate that
roughly the clearances of drugs in neonates areedsed and neonates need lower
doses. Otherwise they are at risk of overdose. I@n dther hand infants drug
clearances are increased. Consequently infantsireegoses higher than adults.
Otherwise they are at risk of receiving subtheréipeloses.

Not only are children different but they represantheterogeneous group in which
different age classes had to be distinguished Isecthey differ regarding drug fate
and also drug effect. The international consenduaimed during the International
Conference of Harmonisation (ICH E-11) separatedr fage classes in children:
neonates between 0-28 days, infants 29 days — 2@8hsyochildren 2 years-11 years
and adolescents between 12 and 16/18 years). Hueselasses are important and
should be taken into account both in the plannifhglmical studies in children,
particularly pharmacokinetics studies, and in ddagage recommendations at the
time of labelling.

Because children are different compared to addi$a obtained in adults cannot
simply be extrapolated to children using a propowiity rule based upon body size
(weight or body surface area).

Prediction of doses for Children
Dr Karin Jorga (Global Head Modeling and Simulati@inical PharmacologyF.
Hoffmann-La Roche, Switzerland) (Unable to attemel meeting).

It is well recognized that children are not justafimadults and well-conducted
pharmacokinetic and pharmacodynamic studies arededeeto determine the
appropriate doses for newborns, infants, childred adolescents. Numerous
physiological processes change throughout the dprednt from childhood to
adulthood and simple dose adjustments by bodyasizenot likely to be appropriate
for the majority of drugs.

Most of the drugs on the market are originally deped for adults and dose selection
is based on an optimal balance between clinicataf§ and safety. For those
compounds, where it is assumed that the pharmacalogction in adults and
children is similar (e.g. antivirals and antibisfi@n appropriate pediatric dose would
be one that gives similar exposures (blood drugl&vo those observed in adults at
the recommended therapeutic dose. Without any pkoowledge on the
pharmacokinetic characteristics of the drug, theitive approach is to administer
smaller doses to children. Usually the adult deséaken as guidance and the dose
scaled down depending either on body weight or bedsface area. For some
compounds such as for example saquinavir - a metadibitor for the treatment of
HIV - this can lead to substantial underexposurehitdren as they metabolize the
compound much faster. For other drugs body arelingcaorks well for a certain
range of children, but it usually fails in newboraad adolescents, where many
different processes change at the same time ammios, distribution, metabolism
and excretion transform quickly and vary widely.eOaitempt to optimize the dose
predictions in children is the application of plojegically-based pharmacokinetic
(PBPK) modeling. For every age group models areeldped that include the
information on organ weights, blood flows and metabcapacity characteristic for
certain stages of maturation. At the moment theeegpce with these models is still
limited as validated information on the physiola@icparameters is sparse.
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Nevertheless, it is expected that such models dellelop further in the future and
allow a better integration of the underlying praesand improve the predictions of
doses in children.

In conclusion, predicting doses for children is pbew as numerous physiological
processes change and vary during infancy and auldihA thorough understanding
of the pharmacokinetics and pharmacodynamics ottibepound is needed to dose
adequately in children. Currently, clinicians aequired to use medicines with
incomplete knowledge about their pharmacologicabpprties and the simple

approach to adjust dose by body size bears suladtasks. Further clinical studies

are needed to improve our understanding of the vi@haf drugs in children and

provide better guidance on dose.

Clinical Trials in Childhood Cancer

Professor Andrew DJ Pearson (Professor of Paedi@ricology, University of
Newcastle upon Tyne; Chairman of the United KingdGhmldren’s Cancer Study
Group)

Each year 1,200 children in the United Kingdom urttie age of 15 years develop a
malignancy. The survival of children with cancershprogressively increased over
the last three decades, so that currently theyfeas-survival rate is 75%. In view of
the frequency of childhood cancer it is essenfiat trials be carried out on a national
basis and in most cases an international. Furibrerit is vital that all the maximum

number of eligible patients are entered into thigats.

In 1977 the United Kingdom Children’s Cancer Stu@youp (UKCCSG) was
formed. This group is a national multi-disciplipaorganisation, which aims to
advance the care of children with cancer throughiczl research. The ultimate
objective of the Group is to improve the outcomechildren with poor prognosis
malignancy and maintain excellent rates of curejemeducing long-term toxicity,
for those with good prognosis disease. The UKC®a& a network of nearly 500
members from 22 United Kingdom treatment centrigs.hub is the UKCCSG Data
Centre in Leicester, which is responsible for adstiation of the research studies and
from where all the activities of the group are cdioated. The trial portfolio of
UKCCSG includes 36 phase I, Il and lll, pharmacaaband late-effects trials and
30 biological studies. A parallel organisation, thimited Kingdoms Childhood
Leukaemia Working party (UKCLWP), is responsible foials in children with
leukaemia.

A central objective for Phase Il trials is to opemdomised international studies for
most tumour types. Fourteen of the most recenplidse Il trials opened were
international. For example, for neuroblastoma 16oRean countries have joined
together to form SIOP Europe Neuroblastoma Grouptha current high risk study
recruits 240 patients per year and investigatesetmandomised hypotheses. For
hepatoblastoma the SIOPEL studies recruit patiénisi 50 countries and have
resulted in dramatic improvements in survival. r€atly, the UKCCSG is integrated
with European groups and is planning to ensureitiadctivity complements that of
North American.

Phase 1 /1l studies have progressively been deeélaver the last 17 years, since the
creation of the New Agents Group of the UKCCSG @871 Between 1987 and
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1996 only phase Il studies were undertaken, in 1886nethodology for multi-centre
phase | studies was established and currently Hrer&1 Phase | centres. In 1992, to
facilitate recruitment, a French/UK collaborationasv established and now the
majority of phase I/ Il studies are joint initiagis. Further European collaboration,
including the Netherlands, Italy and parts of Gamnhas recently allowed a larger
group to be established. A comprehensive programidrug discovery - the
Innovative Therapies for Children with Cancer (ITGChas been developed. This
programme identifies new agents both from pharmi#adcompanies and academic
programmes and includes a drug development progeafmcussing on paediatric
targets.

The UKCCSG has an established paediatric oncolbgyfpacology group.
Currently, 13 geographically separate centres amgticppating in studies.
Pharmacological studies of new anti-cancer agemisestablished agents have been
carried out. Particular themes are the evaluaifahe pharmacology and appropriate
dosing of anti-cancer agents in infants under tige af one, and high dose
chemotherapy. European collaborations have also éstablished.

This success in clinical trials is now being chadied by three difficulties: - lack of
data manager and research nurse infrastructure diKCCSG centres especially in
view of the recent EU directive for clinical trialsa relatively low rate of
randomisation in the United Kingdom, in contrastotbher European countries and
lack of access to new drugs.

Improving access to new drugs and evaluation irpdegliatric population is a crucial
issue for children with cancer. Currently, childseith malignancy do not have access
to a number of new anti-cancer compounds untiltielly late in the agent’s
development, often only when the compounds are centiaily available. This
reluctance of pharmaceutical companies is partiluf@oblematical. The optimum
strategy would be that companies raise the issuehidfiren for each compound
entering a clinical development procedure in adulithis would enable preclinical
evaluation of the compound’s potential anti-tumaotivities to be started in
appropriate paediatric tumour models in order entdy whether or not the it needs
paediatric development. Then, when indicated angrogpiate, a paediatric
programme would be initiated, as soon as sufficiea is available to ensure safety.

In addition there are challenges facing the avditglof established medicines for
children with malignancy including difficulties prialing the appropriate formulation
for existing agents and reluctance to develop editation of new agent, for example
syrup, specifically for children.

In summary although there has been substantiar@sedn clinical trials of children

with malignancy, significant challenges remain.

Clinical Trials in Young Children with Asthma
Dr Mike Devoy (Vice President of Respiratory Mediej GlaxoSmithKline,
Greenford, UK)
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Asthma is the most common chronic disease of cbddhand its prevalence
continues to increase in most countries of the dvotlp to 40 percent of infants are
reported to have evidence of wheeze in the firgtetlyears of life. Only 10 percent
have persistent wheeze that develops into asthntetean childhood. The ability to
differentiate between the numerous phenotypes iRirmlamental step towards
prescribing the most appropriate asthma therapceRt studies using novel outcome
measures, such as airway resistance (sRAW) and Ismposcillometry, have
produced data that can help determine a child’snglype and relative risk of
developing asthma.

Inhaled corticosteroids are considered the mostttfie anti-inflammatory treatment
for all severities of persistent asthma in bothlsdand children.

Efficacy outcome measures in infants are routibelsed upon frequency and severity
of symptoms due to the difficulties young childreave performing forced lung
function techniques. Researchers are dependemt pg@@nts/caregivers to observe
and report such symptoms. Recruitment of infant€ltoical trials is particularly
challenging since successful participation of ddchi the trial is not just dependent
upon the child’s eligibility and cooperation busalthe parent in terms of consent,
availability to bring the child to clinic and, contment to comply with the data
collection.

Although inhaled corticosteroids are firmly estab&d in the management of asthma,
concerns remain as to the possible long-term adweffects. Growth is a particular

issue requiring long-term studies to determineahsolute effect on growth rate and
final height.

The conduct of clinical studies to establish tisi-tienefit of asthma therapy requires
particular attention to strictly define the patigrdpulation, keep clinic visits to a
minimum whilst collecting data at a level of detaihd for an amount of time
appropriate for your chosen clinical endpoint.

Unmet needs for drugs in children
Sir David Hull (Past president, Royal College oé®&iatrics and Child Health)

Ensuring that children are given effective and saéglicines might be thought to be a
central responsibility for any national health $eeyan overriding duty for those who
dispense, prescribe and administer medicines; arfduidul area for scholarly
endeavour. It has been none of these. The dawelapof medicinal treatments is
subject to many constraints — scientific, economsagial and political. These are
even more daunting when children are involved asdaaesult, in recent years,
children have lost out. That cannot be right asdjoMany of the medicines given to
children are either unlicensed or given ‘off-labelProblems related to this usage
emerged in the early 1990’s. To address thes®ins important that:

* What is know is more generally knowinformation ),

* What is being given is monitored, particular tise of unlicensed and off label
medicines $urveillance),

» Evidence is collated on the significance of wisdknown about a medicine, to
its use in childrenlfterpretation ),
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+ Commitment is given to the clinical appraisalneédicines given to children
(Clinical appraisal), and

* Medical sciences exploring the action of drugsimst the background of
development from birth to adolescence are promot€&hildren —
developmental biology.

A start has been made to address all these, éogmulary ‘Medicines for Children’,

- proposed EC legislation ‘Better Medicines for Idren’, - developments described
in the RCPCH report ‘Safer and Better MedicinesGbildren’. Progress will depend
on how the rules which govern the controlling Autties are applied, the appraisal of
the treatments in the Health Service provision, ati#udes and discipline of the
professions involved, as well as the energy of emguscientists.
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APPENDIX B: PROGRAMME

Symposium on Medicines for Children
Monday 14 June 2004, The Royal Institute of Britisithitects, 66 Portland Place,
London W1

There is widespread concern about the limited exideavailable for both efficacy
and safety of many medicines used in children. &we is often limited to small-
scale clinical trials and in some cases is almast-existent. The reasons are
complex. Children only rarely develop seriousalises. This makes recruitment for
clinical trials difficult and provides little incéine for manufacturers to develop
special formulations of their products. Many of tihedicines prescribed for children
are generics so there is little commercial incentiWhen children do fall ill doctors
often have to prescribe adult formulations that thayunsuitable and doses that have
not been validated in that age group. While tteeeno simple solutions there is a
consensus that the situation must be improved. $hmposium brings together
leading experts from academia, the health serimckistry and regulatory bodies to
review the current situation and to discus ways amebns of bringing about
improvements.

Session 1 Requirements and Resources

Chairman Professor Sir Alasdair Breckenridge CBESERFMedSci, Chairman
of the Medicines and Healthcare products Regulatdgency
(MHRA).

09.45 Regulatory requirements for medicines for children
Dr Julia Dunne, MHRA, London UK

Discussion opened by Dr Charles Bouchard, MSD Eaaop
Government Affairs

10.15 Paediatric trial networks and trial personnel
Dr Greg Kearns, Kansas Mercy Childrens’ HospitaB Q).

10.45 Coffee
Session I Technical, scientific and medical issues
Chairman Professor Patrick Vallance FMedSci, Heddth® Division of

Medicine, University College London

11.10 Formulation of medicines for children
Dr Tony Nunn, Director of Clinical Pharmacy, Royhiverpool
Childrens NHS Trust.

11.40 Drug metabolism and pharmacokinetics in children
Professor Gérard Pons, Groupe Hospitalier Saintafih de Paul,
Paris
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12.10

12.40

13.10

Session Il

Chairman

14.10

14.40

15.10

15.40

Session IV

Chairman

16.05

16.35

17.05
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Prediction of doses for children
Dr Karin Jorga, Hoffman La Roche, Basel

How children's responses to drugs differ from aduk
Professor Terence Stephenson, Queen's MedicaleC&tdttingham

Lunch
Practical experience with clinical trids in children

Professor Sir Colin Dollery FMedSci, Sen@fficer Academy of
Medical Sciences & Senior Consultant, GlaxoSmith&li

Clinical trials in childhood cancer
Professor Andrew Pearson, University of Newcastle

Clinical trials in childhood infections
Professor Michael Levin, FMedSci, Department of drateics,
Imperial College London

Clinical trials in young children with asthma
Dr Mike Devoy respiratory group GlaxoSmithKline

Tea
Unmet needs and parental concerns

Professor Sir Michael Rawlins FMedSci, ihan of the National
Institute for Clinical Excellence

Unmet needs for drugs in children
Sir David Hull, former President of the Royal Cglieof Paediatrics

Parental concerns: a personal account

General discussion and summary

The Academy gratefully acknowledges the support oGlaxoSmithKline for this

symposium.
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