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Abstract: It is broadly accepted that children of all age groups including (preterm)
neonates and young infants can perceive pain and that there is an absolute need to treat
their pain safely and effectively. The approved treatment options for children, particularly
(preterm) neonates and young infants, are very limited with only a few medications
specifically labelled for this population. This article presents the challenges of developing
pain medications for children. A short overview gives information on pain in children,
including pain perception, prevalence of pain and the long-term consequences of leaving
pain untreated in this vulnerable population. Current pain management practices are
briefly discussed. The challenges of conducting pediatric clinical trials in general and
trials involving analgesic medications in particular within the regulatory framework
available to develop these medications for children are presented. Emphasis is given to
the operational hurdles faced in conducting a pediatric clinical trial program. Some
suggestions to overcome these hurdles are provided based on our experience during the
pediatric trial program for the strong analgesic tapentadol used for the treatment of
moderate to severe acute pain.
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Introduction

It is broadly accepted that children of all age groups, including (preterm) neonates
and young infants,"* can perceive pain and that they all deserve adequate pain
management irrespective of their age and development. Inadequately controlled
pain is a significant cause of morbidity and even mortality in infants and children.'*
It increases the risk of postsurgical complications and has a negative impact on
quality of life, function and functional recovery.* Pain has also been shown to
have adverse developmental consequences in (preterm) neonates and young

infants®'°

and may impact not only the short- and long-term psychomotor devel-
opment of the involved infant but also will put a heavy burden on siblings and
parents.

In contrast to the treatment of pain in adults, most currently used analgesics
studied in the

population.'""'? Analgesic medication was and is still being administered to

have not been systematically neonatal and pediatric

pediatric patients without prior clinical investigations of their pharmacokinetic,
efficacy and safety characteristics (off-label use).' In an attempt to improve this
situation, the Best Pharmaceuticals for Children Act'® and the Pediatric
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Research Equity Act (PREA)'* became legally binding
in the US in 2002 and 2003, respectively; this was
followed in 2007 by the Pediatric Regulation'” in the
European Union (EU) requiring a Pediatric Investigation
Plan (PIP) for all medications in development unless
a waiver has been granted.

Especially pediatric trial programs in acute pain are
challenging as they have to cover extended age ranges
from preterm infants to 17-year-old adolescents, thereby
including a very broad weight and developmental range. In
addition to ethical, formulation, dosing and a range of
body maturation issues to be considered, the challenge of
treating pain in the very young and preverbal children is
potentiated by the difficulty in accurately measuring their
pain.

In this article, we focus on the challenges encountered
with pediatric trial programs for new analgesics based on
experience with tapentadol. Tapentadol is an ideal candi-
date for development as analgesic in the pediatric popu-
lation owing to its two synergistic mechanisms of action
(n-opioid receptor agonism and noradrenaline reuptake
inhibition) with consequent reduced p-load which might

mitigate opioid-typical side effects,'®!”

a predictable
pharmacokinetic profile,'"® with no metabolites contribut-
ing to the analgesic effect'” and a low drug—drug inter-
action potential. Tapentadol is the most recently
developed and approved strong analgesic for the treat-
ment of moderate-to-severe acute pain in adults and has
been investigated across the entire pediatric age range

from (preterm) neonates to adolescents.

Pain

According to the International Association for the Study
of Pain (IASP), pain is defined as “An unpleasant sen-
sory and emotional experience associated with actual or
potential tissue damage, or described in terms of such
damage”.?® The IASP does not differentiate between
“adult” and “pediatric” pain; they do, however, com-
ment, that “the inability to communicate verbally does
not negate the possibility that an individual is experien-
cing pain and is in need of appropriate pain-relieving
treatment”. The World Health Organization (WHO)
states that the WHO pain ladder does not apply to
pediatric patients, but a two-step approach is recom-
mended with paracetamol or ibuprofen as a first step
for mild pain and morphine as the second step for
moderate-to-severe pain.?'

Pain in children
Pain perception and prevalence in infants,

children and adolescents

Pain transmission and reflex response in neonates,
mediated by spinal cord and brainstem reflex pathways,
have long been acknowledged.”? However, a true experi-
ence of pain includes emotional and affective components
and requires higher-level cortical processing which was
only demonstrated in the last 10-15 years.'%*2*

Owing to ongoing maturation of the central nervous
system (CNS) and associated maturation of signal trans-
mission and inhibitory pathways, pain perception in
infants does, however, differ from children above the age
of two and from adults.'®**?7 Importantly, it has also
been shown that opioid receptors are present from early

on in fetal development,zgf31

and are responsive to exo-
genously administered morphine.*> In contrast to these
early stages of development (preterm to 23 months old),
no clinically significant differences in pain perception and
mechanisms of analgesia are present between children
(aged 2-11 years old) and adolescents (aged 12—17 years
old), or between these two groups and adults.*® It is,
however, acknowledged that gender may modify the pain
experience, response to analgesic therapies and transition
from acute to chronic pain.>*°

Acute pain in infants, children and adolescents is com-
mon and may be associated with a number of causes such
as underlying disease (eg, acute painful episodes in
cancer’’ and sickle cell disease®®), trauma (eg, fractures

39-41 interventions

or burns), surgical and hospital
procedures.**** Moderate or severe pain has been
reported for 33-40% of all hospitalized children.*>*®
Acute pain in this population is often not sufficiently
managed,***° leading to many pediatric patients suffering

from, often avoidable, moderate-to-severe pain.

Developmental and long-term

consequences of undertreated pain

Developmental and long-term consequences of acute pain
during infancy and childhood vary depending on the
developmental stage of the neonatal and pediatric patients,
the number of acute pain experiences (eg, multiple daily
interventions in preterm infants) and the severity of pain
experienced (eg, major surgery, trauma). In particular, pain
experiences in (preterm) infants may lead to long-term
adverse outcomes in terms of physical, psychological and
social well-being of the affected patient. A number of
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authors have described these adverse effects of early pain

6,47-51 However, evi-

experience on child development.
dence of long-term consequences in terms of cognitive,
motor and behavioral outcomes in this population is only
slowly emerging.”?°® Poorly managed acute pain is also
one of the risk factors for developing chronic pain;®’"*
a higher pain intensity score after discharge from hospital
was a predictor for the development of chronic pain.®’
Chronic pain in children and adolescents probably has
even more impact as compared to adults: in addition to
high rates of functional disability, sleep disorders and
depression-anxiety disorders, chronic pain may lead to
poorer academic outcomes at school (frequent school
absences) which may impact on occupational and social

functioning later in life.”""2

Management of moderate to severe pain
in children

A number of pain practice guidelines provide advice on
the management of pain in children (Table 1).2""* 8! Of
note, although pediatric pain management guidelines for
individual EU member states, eg, Great Britain and
Ireland’” and Italy,”® are available, there is still no general
EU guideline on this topic. The recommended approach
for postsurgical management is multidisciplinary using
various analgesic options including nonpharmacological
interventions and local regional techniques combined
mechanisms  of

with medications having different

action.”*”* Nonpharmacological interventions may, for

82-84
whereas the

example, include distraction/comforting,
application of topical liposomal lidocaine® and the trans-
versus abdominis plane block™ are examples of local

regional techniques with demonstrated efficacy.
For moderate-to-severe pain following major surgery,

there is consensus to use opioids.”*”’” Paracetamol and/or
(NSAIDs) are

75-78

nonsteroidal anti-inflammatory  drugs

recommended as part of multimodal analgesia, and
addition of paracetamol has been shown to reduce the
opioid requirement.®” Prolonged pain following trauma
may require the use of opioids for an extended duration.”

For procedural pain in neonates such as heel lance or
venepuncture, a combined pharmacological and non-
pharmacological (eg, breastfeeding or sweet-tasting solu-
tion) approach is recommended.”””® More severe pain
associated with, eg, insertion of a central venous catheter
can be managed with topical anesthetics in conjunction
with an opioid.””””® Severe pain associated with changing

Table | Practice guidelines for procedural and postsurgical pain
in neonates and children

Lago et al (2009)”°

Howard et al
(2012)”7

American Society

Authors Subject Region/society

Anand et al Pain management | International Evidence-

(ZOOI)78 in neonates Based Group for

Neonatal Pain

AAP & APS Acute pain in American Academy of

(2001)"® infants, children Pediatrics and American
and adolescents Pain Society

Batton et al Acute pain man- American Academy of

(2006)7¢ agement in Pediatrics and Canadian
neonates Paediatrics Society

Procedural pain in

neonates Neonatology
Taddio et al Procedural pain in | Interdisciplinary expert
(2010)%° children panel Help ELiminate Pain
in KIDS (HELPinKIDS)
Canada
Spence et al Procedural pain in | Australian and New
(20I0)8' neonates Zealand Neonatal

Postoperative and
procedural pain in
children

Perioperative pain

of in adults and Anesthesiologists

Anesthesiologists children

(2012)”

WHO Guidelines Persistent pain World Health

(2012)*' and children Organization

Chou et al Postoperative pain | American Pain Society

(20I6)74 in adults and and American Society of
children Anesthesiologists

Italian Society of

Network

Paediatric Anaesthetists
of Great Britain and
Ireland

American Society of

the dressing in children with burns requires a strong
opioid.”” The use of both opioids and paracetamol may
be associated with safety issues. The use of opioids is
linked with short-term adverse events such as low blood
pressure and respiratory depression and may lead to toler-
ance resulting in increased opioid dose and potentially in
iatrogenic opioid  abstinence syndrome after
discontinuation.®® Paracetamol for preterm and term neo-
nates, on the other hand, is controversially discussed in the
literature, and there are reports linking paracetamol in
early neonatal life to neurocognitive impairment, including
attention deficit/hyperactivity disorder symptoms or aut-
ism spectrum disorders and the risk of asthma or other
atopy-related diseases.®®’

Pain guidelines are mostly based on the best practice estab-
lished by global experts” given the limited availability of

pediatric data from controlled clinical trials. Although pediatric
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regulations have been established to ensure better investigations
of new drugs for the pediatric population, for older analgesics
commonly used in clinical practice, additional studies are not
systematically performed in this population. As a result, no
label updates are possible except for further restrictions in
case of safety findings obtained from real-world evidence.
This results in continued use of analgesics in an off-label
manner in the pediatric population. In addition, the recommen-
dations are not supported by drug labeling in individual coun-
tries. Table 2 lists analgesics labeled for children in Germany
(as a representative for the EU”') and the US.'*"? There are,
however, considerable differences even amongst European
countries: of note, the use of metamizole (dipyrone) is contro-
versial. France'® has banned it altogether for risk of agranulo-
cytosis whereas it is labeled from 3 months onwards in
Germany.'” Metamizole is also banned in many other coun-
tries worldwide including the US,”® and the potential risk
associated with this drug should be kept in mind in pediatric
prescription.''*'"! The Food and Drug Administration (FDA)
issued a black-box warning on the use of codeine in children

Table 2 Approved analgesics for use in the pediatric population
in Germany and the US

Analgesics Minimum age Minimum
Germany® age US®
Morphine© Neonates Not approved®®
Hydromorphone | year Not approved®’
Fentanyl 2 years 2 years98‘99
Oxycodone 12 years I years'°°
Tapentadol 2 years Not approved
Tramadol | year 912 years95
Metamizole 3 months Not approved93
Paracetamol Term neonates Neonates'®!
Ibuprofen 3 months 6 months'®?
Diclofenac 6 years Not approved|03
Aspirin 12 years Not approved'®
Combination products
Codeine/paracetamol 12 years 912 years™
Dihydrocodeine/ Not available 412 years'®
aspirin/caffeine
Butalbital/paraceta- Not available 12 years'®
mol/caffeine

Notes: Data presented as a poster at 7th Congress of the European Academy of
Paediatric Societies (EAPS 2018) Paris, France, October 30-November 3, 2018.°'
*Analgesics commonly used in the pediatric population and their approved age
ranges for use in Germany. Data from the German Summaries of Medicinal
Product Characteristics (SMPCs) obtained from www.rote-liste.de.'”” Only analge-
sics for systemic use were analyzed. "Analgesics commonly used in the pediatric
population and their approved age ranges for use in the US. Data from FDA
webpage92 and individual SPCs of the analgesics. “special precautions to be taken
for infants below | year; special precautions to be taken for children and adoles-
cents below 8 years.

after tonsillectomy and/or adenoidectomy,” and in contrast to
Europe, morphine is not labeled for pediatric use in the US.
Tramadol also carries a black-box warning in the US™ and
minimum age for use is 12 years, whereas it is labeled from
1 year onwards in Germany.”' Despite considerable differences
in labeling between the regions, a common thread is that very
few analgesics are actually labeled for neonates and very young
children, and data are limited even when approval is available.
A recently published report indicated that 13—69% of prescrip-
tions within various pediatric populations were still used off-
label."* This presents the physician, caregiver and parents with
many challenges including the lack of suitable formulations
which can lead to tablets marketed for adults being divided or
even ground up with the inherent uncertainty around the admi-
nistered dose and potential safety issues or lack of efficacy.
When opioids are used off-label, equianalgesic calculations
carry the danger of over- or under-dosing.

In summary, off-label use of analgesics for pediatric pain
management (with the risks and concerns this entails for
patients, parents and caregivers alike) is common and almost
unavoidable because of a lack of labeled alternatives. It can be
assumed that off-label use increases as the age of the patients
decreases.

Key Messages

e Infants and children of all age-groups, including
(preterm) neonates and young infants can perceive
pain.

e Acute pain in infants and children is common and
frequently undertreated.

e Untreated pain in infants and children may have
long-term consequences in terms of adverse cogni-
tive, motor and behavioral outcomes.

e Only very few analgesics are labelled for neonates
and very young infants.

e Off-label use is common and associated with a risk of
lack of efficacy and/or safety issues.

Regulatory framework for the
development of medicines in

children

It has long been recognized that insufficient data are
available on medicines in children, particularly in neo-
nates and infants."'? In 2004, the EU published a report
concerning the high level of off-label use and concluded
that harmful effects occurred and that these were under-
reported.'"?
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Measures to address this situation were initiated with the
Final Pediatric Rule in the US (1997) in which the FDA made
pediatric trials mandatory for all medications not yet
approved. Congress subsequently passed the PREA in 2003
which made many requirements of this Rule legally binding.
The International Council for Harmonisation (ICH) harmo-
nized tripartite guideline (EU, USA and Japan) on the
‘Clinical Investigation of Medicinal Products in the
Paediatric Population’ (CPMP/ICH/2711/99: ICH EI11)
came into force in 2001.""* An addendum to this guideline
(ICHE11(R1))"" in August 2016 updated the regulatory and
scientific framework. Pediatric programs have since been
required by legislators in ICH countries, eg, the Pediatric
Regulation was adopted in 2007 within the EU."?

The obligations of the pharmaceutical industry to carry
out a PIP in the EU and the pediatric written request in the
US were coupled with an incentive of a 6-month prolon-
gation of patent protection in the EU and 6 months addi-
tional data exclusivity in the US. The long-term aim of this
legal framework was to reduce off-label use and to provide
evidence-based guidelines and medicines for treating chil-
dren of all ages.

Challenges in pediatric trials:

general

Pediatric trials pose many challenges not encountered in
adult trials. The ICH E11''* provides guidance on the
investigation of medicinal products in children; other
more specific European Medicines Agency (EMA) guide-
lines are also available. The ‘Guideline on the investiga-
tion of medicinal products in the term and preterm
neonate’ (EMEA/536810/2008, 2010)''® provides back-
ground information on organ development and suggestions
for safety monitoring; this guideline is currently being
updated. Pharmacokinetic aspects of clinical trials in
pediatrics are described in the ‘Guideline on the role of
pharmacokinetics in the paediatric population’ (EMEA/
CHMP/EWP/147013/2004, 2006).""”

Ethical considerations

An EU expert group report describes in detail the ethical
considerations for pediatric trials: the interests of the child
must always prevail over the interests of science.''® In
most cases, it is ethically justifiable to test a new com-
pound only in children who might receive some benefit
from the medication, ie, in children suffering from the
condition for which the treatment is intended.

Many aspects of the trial need to be considered. For
example,

e the planned trial should not duplicate previous trials
with similar objectives,

e pediatric expertise needs to be available at all sites
participating in the trial,

e appropriate nonclinical data and age-appropriate for-
mulations must be available prior to initiating clinical
trials.

One particular challenge concerns informed consent which
must be given by the legally designated representative of
the child. If the child is able to form his/her own opinion,
then he/she is also required to “assent” to participation in
the clinical trial. Difficulties arise in the conduct of multi-
center trials globally since the regulations concerning
assent and consent are not harmonized but subject to
national laws. The numerous differences between coun-
tries have been summarized in a publication by Lepola

et al'’?

Minimum subject numbers — maximum
information

Design of pediatric trials is very much a balancing act,
keeping the numbers of children participating in the study
to a minimum, but obtaining as much information as
possible for deriving robust dosing recommendations in
all age groups. Modeling and simulation play a key role
throughout the program, eg, by using prior knowledge in
adults to guide the selection of the first pediatric dose.
Blood volumes drawn in pediatric trials are recommended
not to exceed 3% of the total blood volume over a 4-week
period and 1% of the total blood volume for a single
draw.''® The restriction on blood volume limits the num-
bers of samples which can be taken from each child,
particularly in neonates and young infants. Again, model-
ing and simulation are indispensable to design the optimal
sparse sampling strategy to best characterize the concen-
tration—time profile of the medication with the minimum
numbers of patients and samples.

One key question is how many subjects are needed for
achieving the objectives of the trial. Wang et al'*® sug-
gested for trials with a primary pharmacokinetic objective
to prospectively “target a 95% confidence interval within
60% and 140% of the geometric mean estimates of clear-
ance and volume of distribution for the drug in each
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pediatric subgroup with at least 80% power”. For efficacy
trials, similar constraints on sample numbers apply: sam-
ple size must be as low as possible but still sufficient to
determine efficacy with adequate power and to provide
a robust safety database.

Sensitive bioanalytical methods

The bioanalytical method(s) need to work with the lowest
possible plasma/serum volume. Prior to initiating pediatric
trials, the available method(s) may therefore require opti-
mization. Microsampling techniques (eg, dried blood
spots) may also be considered as an alternative approach
to addressing the constraints on blood volumes.'*!

Blood samples taken in adult pharmacokinetic trials are
generally venous samples. In our experience with postsurgi-
cal trials, most investigators strongly favor arterial sampling
in the very young since an arterial line was already in place.

Maturation of body functions

The rates of maturation of body functions and biochemical
processes vary widely between the different age groups and
can change rapidly within even a few days in the early weeks
of life. Thus, linear dosing based on body weight alone can
never be assumed in this vulnerable population. All aspects
of drug absorption (eg, gastrointestinal activity), distribution
(eg, body composition), metabolism (eg, enzyme expression

and maturation) and excretion (ADME) change with age.122

Selection of age groups
The broader the age group, the more challenges are involved
in designing an appropriate testing program. Age subgroups
recommended in the EU are based on the maturity and
developmental status of the children: eg, preterm neonates,
0-27 days, 28 days to 23 months, 2—11 years and 12-16/18
years (depending on the legal age of adulthood in the country
concerned).''> However, these age subgroups may need to be
modified taking into account the specific pharmacokinetic
and pharmacodynamic characteristics of the compound
being investigated. The challenges become greater with the
lower age groups: the optimal dose for a 2-day-old baby may
be different to that of a 2—-3-week-old baby.'*® This becomes
even more challenging with preterm neonates.'**'#>
Although developmental changes above 2 years of age
proceed slower, differences can still occur in comparison
to adults. Edginton et al predicted the clearance of several
drugs across the age range of birth to 18 years and showed
a rapid rise in clearance following birth, which continued
to rise above adult levels and then slowly returned to adult

values for teenagers.'?® Thus, for a number of drugs, there
is a peak in clearance during childhood, which may result
in lower systemic concentrations than in adults.

Key Messages

e All pediatric trials should conform to the highest
ethical standards.

e Modelling and simulation play a key role in planning
and supporting a pediatric program.

e Pediatric trials must be carefully designed to provide
maximum information from minimum patient
numbers.

e Sensitive micro-analytical techniques for pediatric
pharmacokinetic trials are essential to quantify drug
concentrations.

e A full understanding of body maturation on drug
ADME is imperative to make reliable dose predic-
tions in pediatric subjects.

Challenges in pediatric trials for the
treatment of pain — and some ideas

on how to meet these challenges

The most recent guideline on the “Clinical development of
medicinal products intended for the treatment of pain” was
published by the EU in 2016 (EMA/CHMP/970057/
2011);'%” it includes a section on special populations
including the pediatric population.

For acute postsurgical pain, experience in adults shows
that it is highly preferable to select a standardized pain model
with comparable anesthetic procedures during the surgery.'*®
However, fulfilling this objective is a major challenge for
pivotal pediatric trials: for recruiting sufficient patients
within a reasonable time frame, the trials invariably have to
be conducted globally. There is considerable variation in the
standards of care for anesthesia and analgesia across coun-
tries which can make standardization a real hurdle to over-
come. This is potentiated by differences in typical surgeries
conducted per age groups (eg, third molar extraction often
used and validated in adults and adolescents,'?® tonsillect-
omy in younger children;'?®) an intra-age group standardiza-
tion is possible to achieve but complete standardization
across age groups is very hard to realize.

Trial centers and patient recruitment

Trial experience has shown how important the selection of
providers can be for timely trial completion. In one single
dose, multicenter trial in children (6 to <18 years of age)
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with moderate-to-severe postsurgical pain, we experienced
extremely slow recruitment. A second trial with children
in the same age range was conducted by a site manage-
ment organization located in a hospital environment:
this second trial completed considerably faster in a single
center than the multicenter trial.

In response to the legal requirements for more pediatric
trials, several national and international pediatric research net-
works have been established. These networks can assist in
finding trial centers and can offer advice on protocol design.

Recruitment can be assisted by creating an atmosphere at the
trial centers which helps to allay the anxiety of the children, their
parents and caregivers. The patient information must be clearly
and concisely written and preferably child-friendly, eg, by using
pictorial representations to assist in explaining the procedures
involved.

Above all, there must be a genuine commitment of the trial
sponsor and the clinical research team to work at unusual times.
The sponsor must be able to provide around the clock support to
the trial center with frequent visits to reassure the caregivers
about the compound and trial design. This is particularly the
case for recruiting neonates and young infants. In contrast to
trials in adults, pediatric centers often require intensive training
in the use of trial protocols, case report forms, consent forms,
etc.. The trial physicians also need to be available at unusual
times: in our experience, most neonatal patients were recruited
during the night which was only possible with committed trial
physicians and nurses.

Pain assessment
In all analgesic trials, it is essential to assess the severity of pain
reliably and accurately; otherwise, the validity of the trial results
is jeopardized. The Initiative on Methods, Measurement, and
Pain Assessment in Clinical Trials produced a consensus state-
ment on measures for pain trials which was subsequently
endorsed by the international pediatric pain community.'*
Quantification of pain in all trials testing analgesics is
made more difficult by the lack of an objective
biomarker."*" A number of physiological measures includ-
ing changes in heart rate, oxygen saturation, skin conduc-
tance or salivary cortisol have been suggested as more

measures to 132

objective, indirect quantify  pain.
However, these measures need extensive validation and,
though of high interest, have not yet reached sufficient
maturity for routine monitoring in analgesic trials.

One challenge for infants and children is that no one scale

fits all ages requiring a careful choice of the most appropriate

scale to match the age group(s) concerned. A brief overview
of some recommended scales is given in Table 3.”7-13°
Older children are usually able to use similar scales to
adults such as the visual analogue scale.'*® Younger children
can better communicate their pain using the revised Faces pain
scale.'*> Although self-reporting of pain is considered to be the
“gold standard”, it is not without its challenges. Pain is
a complex experience with a multitude of contributing factors
such that any pain scale is an oversimplification: it is very
difficult to separate the sensation of pain from anxiety or stress
factors in children. Quite an advanced level of cognitive skills
is required for a child to give a reliable pain assessment.”’
Response biases for children in the age range 3—5 have been
reported for self-reporting pain scales;"*” for this age group, it
may be more reliable to derive a composite picture by using
both self-reporting and observational scales. For very young
children (up to about 3 years of age) and neonates/infants,

Table 3 Examples of some recommended and commonly used
pain assessment tools for children with postsurgical or proce-
dural pain

Measure and brief Reference

description

Age range

28-40 weeks |®

gestational

Stevens et al
1996'%

Premature Infant Pain Profile (PIPP)
(observational scale)

age A behavioral measure of pain for
premature infants, based on gesta-
tional age and physiological and
facial changes before and after

a painful event

Merkel et al
1997'34

0-6 years ® Facial expression, leg movements,
activity, crying, consolability
(FLACC)

(observational scale)

Different aspects of the infant’s/
child’s behavior are given

a numerical score

Faces Pain Scale, revised (FPS-R;

self-reporting scale)

Hicks et al
2001'%

4-12 years °

Patient selects one of a series of 6
gender-neutral faces, each face
depicting how a child might look
when experiencing different levels
of pain

Scott et al
1977'%

8-18 years ® Visual Analogue Score (self-
reporting scale)

Continuous scale represented by
a horizontal or vertical line with

endpoints at the extremes of “no

pain” or “worst pain imaginable”.
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observational scales such as the Face, Legs, Activity, Cry, and
Consolability scale are used with judgment of different aspects
of the infant’s/child’s behavior.'** Once selected, it is impor-
tant for these validated scales to be used in clinical trials with-
out modification: even small changes might result in a bias and
invalidate comparisons of results with other trials.”’

Design of efficacy trials
Design of efficacy trials with strong analgesics, eg, for post-
surgical pain relief, poses a major ethical consideration: tradi-
tional placebo-controlled trials are normally considered
unethical in pediatrics. An FDA workshop considered alterna-
tive strategies for pediatric analgesic efficacy trials:
a consensus report gave support to an immediate rescue
design."*® The underlying concept is that constant pain relief
is available for all children in the trial using the current standard
of care, eg, opioid treatment administered via patient-
controlled analgesia (PCA) or nurse-controlled analgesia
(NCA). The infants/children entering the trial are randomly
divided between the test drug and placebo groups with both
groups receiving underlying PCA or NCA. The primary sur-
rogate efficacy endpoint is defined as the opioid-sparing poten-
tial of the test in comparison to the placebo groups. This type of
immediate rescue design retains scientific validity as a double-
blind design and is ethically much more acceptable than
a traditional placebo-controlled trial. Examples of pediatric
trials this

reported**'** with a review article on the opioid-sparing
141

analgesia adopting approach have been
effects of paracetamol and NSAIDs in pediatric pain trials.
A meta-analysis of 85 trials including opioids, NSAIDs, para-
cetamol and local anesthetics was published by Kossowsky
et al and provides an excellent overview of this approach in
practice.'* They concluded that opioid sparing is a feasible
surrogate end point in pediatric analgesic trials, but commented
that other end points including pain scores also need to be
considered since opioid sparing alone may underestimate the

analgesic efficacy of the test medication.

Maturational aspects relevant to pain

trials

Specific maturational aspects relevant for testing opioids in
neonates and infants include the development of the blood—
brain barrier and the drug efflux protein P glycoprotein (Pgp).
The blood-brain barrier helps protect the brain from the influx
of potentially toxic xenobiotics: since this barrier is immature
at birth, increased penetration of opioids into the brain may
occur in the very young.'** Furthermore, Pgp expression is

limited in neonates, increases throughout early life and reaches
adult levels after about 3-6 months.'** Thus, the ability of this
protein to assist in the efflux of opioids from the brain during
early life may be restricted and might lead to higher
concentrations.

Age-appropriate formulation(s)
Age-appropriate formulations must enable flexible and accu-
rate dosing across the whole age range. Excipients required for
the formulations need to be carefully chosen owing to potential
toxicity in the young or very young.'4>1*® Patient acceptability,
in particular palatability of oral formulations, is essential in the
pediatric population. The current EMA guideline for develop-
ing age-appropriate formulations in the pediatric population
suggests focusing on a minimum number of acceptable forms
capable of meeting the needs of the majority of pediatric
patients.'*” Oral liquid formulations are generally considered
acceptable for infants and children down to full-term birth and
for preterms capable of swallowing and being able to accept
enteral feeding.

Challenges change across the age groups
The challenges in conducting a pediatric pain program are
numerous with the nature and severity of the challenges chan-
ging across age groups. Table 4 captures these changes and
highlights the major issues associated within each age subgroup.
The challenges are most demanding in the youngest pre-
verbal population; however, it should be borne in mind that
Table 4 is also an oversimplification. The challenges can be just
as testing in older children who may be nonverbal or who may
suffer from psychomotor disorders; pain assessment in these
children though older can still be extremely demanding.

Key Messages

e Recruiting sufficient pediatric patients is a major
challenge: pediatric networks, committed hospital
staff, child-friendly environment and documentation
can all help.

e The use of validated, age-appropriate pain scales is
essential for reliable pain assessment.

¢ Immediate rescue, opioid sparing design for efficacy
trials is ethically acceptable whilst maintaining scien-
tific validity.

e Thorough understanding of body organ and system
maturation is essential for deriving safe and effica-
cious doses across all age groups.

e Age-appropriate formulations need to be developed
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Table 4 Pediatric trials for pain: different challenges faced across the age groups

Age Body maturation | Pain assessment Informed consent/ | Age-appropriate Analgesic avail-
group assent formulation able with pedia-
tric label?
Preterm Extremely rapid Observational scale: Consent of legal guardian | iv for seriously ill and Extremely limited
changes: major challenge clinically unstable pre- | options
major challenge terms;
oral solution
0 to <I Very rapid changes: Observational scale: Consent of legal guardian | iv for seriously ill and Very limited options
month major challenge major challenge clinically unstable term
babies;
oral solution
| to <6 Rapid changes: Observational scale: Consent of legal guardian | Oral solution Limited options
months very challenging major challenge
6 Slower maturation Observational scale: Consent of legal guardian | Oral solution Limited options
months changes: major challenge
to <2 challenging
years
2 to <12 | Much slower matura- Observational scale + self- | Consent of legal guardian | Oral solution + tablets/ | More options available
years tion changes + onset reporting from age 3 + assent of child if capsules with increasing age
puberty: onwards: appropriate
generally easier to still challenging for the
handle younger children
12 to Most maturation pro- Self-reporting Consent of legal guardian | Tablets/capsules as for | Mostly same options
<I8 cesses complete; + assent of adolescent adults as for adults
years puberty to consider

Abbreviation: iv, intravenous.

Key elements of the pediatric

program

Key elements of the pediatric program are discussed with
reference to the strong analgesic tapentadol. Central to the
pediatric plan are the clinical trials for deriving pharmaco-
kinetic, safety and efficacy data. Prior to initiating clinical
trials, consideration must be given to formulation develop-
ment and a potential need for conducting non-clinical trials:

Age-appropriate formulation(s)

For tapentadol, an oral solution formulation (20 mg/mL)
already marketed was considered acceptable for children
with a body weight >20 kg. For children <20 kg, an
additional dose strength of 4 mg/mL was formulated.

For seriously ill children and clinically unstable term or
preterm babies, a parenteral formulation is generally
required. The concentration of the solution for parenteral
application needs to be carefully chosen: neonates may only
accept very low volumes to prevent volume overload with

concurrent fluid nutrition.'*” A 1 mg/mL solution for injec-
tion of tapentadol was formulated in preparation for testing
in preterm neonates and young infants up to 2 years of age.

Nonclinical testing

Prior to the initiation of the pediatric program,
a comprehensive preclinical safety package had already
been completed for tapentadol to support the adult program.
This package included one study in young animals which
was considered sufficient to support clinical trials of tapen-
tadol in adolescents (12 to <18 year olds). For supporting
the administration of tapentadol to children <12 years of
age, one additional study in juvenile animals was initiated.
For compounds developed specifically for the pediatric
population, both EMA and FDA guidelines discuss condi-
tions in which toxicity testing in juvenile animals can be
helpful for predicting toxicity in pediatric patients.'**'** In
either case, the design of nonclinical trials is based on
a complex array of factors including prior knowledge of
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the compound in question, pharmacological class of com-
pound and age range of children involved.'>

Clinical trials

Tapentadol’s p-opioid agonism and noradrenaline reuptake
inhibitory activity in the treatment of pain are well under-
stood in adults. Despite an age-dependent variation in the
antinociceptive potency of p-opioid agonism after birth, its
analgesic activity has been well established also in
newborns.*>*?23 Although the descending noradrenergic
system does not seem to fully function as a pain inhibitory
system at birth, the spinal elements necessary for the
functioning of the noradrenaline reuptake inhibition
mechanism are developed at birth and can be utilized by
tapentadol.’>' !> Therefore a similar exposure-response
relationship for tapentadol in adults and children was
initially assumed. A range of systemic exposure (maxi-
mum plasma concentration, area under the concentration—
time curve) known to be safe and efficacious in adults was
targeted for the adolescent and lower age groups. As data
were derived moving down the age range from children
less than 18 years of age to preterm neonates, this assump-
tion was tested and if necessary, could be modified.

The clinical pediatric program for tapentadol based on
prior knowledge in adults is summarized in Table 5. As
each age sub-group was completed in the single-dose
trials, an assessment of pharmacokinetics, safety and
exploratory analgesic efficacy data was conducted by an
internal review panel composed of experts from the rele-
vant departments. If the clinical and safety data were
acceptable and tapentadol serum concentrations within
the targeted range, then dosing could proceed to the next
lower age group. For trials in children under 2 years of age
and for the multiple efficacy dose trial, an external, inde-
pendent Data Monitoring Committee was additionally set
up to oversee the patients’ safety.

All the pediatric clinical trials listed in Table 5 were
conducted in patients with acute pain. Although the single-
dose trials focused on the assessment of pharmacokinetics,
some exploratory efficacy data could also be collected. More
extensive efficacy and safety data were subsequently col-
lected in a multiple dose trial in children experiencing mod-
erate-to-severe postsurgical pain (trial 4 in Table 5). This
double-blind, placebo-controlled trial utilized the opioid-
sparing effect trial design discussed above in order to retain
scientific validity while granting as much operational flex-
ibility as possible to the involved investigators.

Drugs in development for the
treatment of pain in children

In 2006, the EMA published a report assessing the pediatric
needs and requirements for analgesic medications.* This
report highlighted large gaps in knowledge concerning phar-
macokinetics, safety and efficacy in children of medications
approved for adult use and a lack of age-appropriate formula-
tions. In particular, only very few on-label medications are
available for the treatment of moderate-to-severe pain in chil-
dren under 2 years of age. An appraisal of the EMA website
indicates that only 12 PIPs in total for pain medications are
currently approved. Table 6 shows a list of analgesic medica-
tions with approved PIPs on the EMA website as of
September 2018.°!

Only one novel analgesic medication (tapentadol) is
currently in development across the entire age range of
birth to <18 years of age and has been recently approved
for acute pain in children aged 2 years and above.'>>!%¢
The development of tapentadol in the pediatric population
is still ongoing to also include patients below 2 years of
age. Owing to the two synergistic mechanisms of action of
tapentadol (p-opioid receptor agonism and noradrenaline
reuptake inhibition) with consequent reduced p-load
which might mitigate opioid-typical side effects,'®!”
a predictable pharmacokinetic profile'® with no metabo-
lites contributing to the analgesic effect'® and a low drug—
drug interaction potential, tapentadol is an ideal candidate
for development in the pediatric population.

Tapentadol was the first analgesic to go through the
formal EU PIP process and as such had a forerunner role.
Since the tapentadol pediatric program was conducted
with input from both the EMA and FDA, some aspects
of the trials had variations included to fulfill the require-
ments of both authorities. Details of these variations and
results of all the pediatric clinical trials in the acute pedia-
tric program for tapentadol will be reported in a series of
publications which will be published as a thematic series
in this journal.

Development of medicines for the
pediatric population — a wider
perspective

The EMA and its Paediatric Committee produced a report
for the EU in 2017 describing the experiences gained during
the 10-year period of the pediatric regulation being in
place.">” A comparison before and after the introduction of
the regulation showed a positive impact with more than 260
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Table 5 Pediatric clinical program for the strong analgesic tapen-
tadol in treating acute pain

Table 6 Analgesics under investigation in the pediatric popula-
tion as agreed in a Pediatric Investigation Plan

Trial | Brief trial Objectives Age sub-

no. description groups and

rationale

| Single dose, oral Primary: pharma- | Age subgroups:
solution cokinetics 12 to <18, 6 to
Children/adoles- Secondary: safety | <12, 2 to <6
cents aged 2 to and exploratory years
<18 years efficacy *

Postsurgical mod-
erate to severe
acute pain needing
opioid treatment

2 Single dose, oral Primary: pharma- | Age subgroups:
solution cokinetics 6 months to <2
Neonates/infants | Secondary: safety | years,
aged 0 to <2 and exploratory | month to <6
years efficacy months,
Postsurgical mod- birth to <I
erate to severe month
acute pain need- *
ing opioid
treatment

3 Single dose, Primary: pharma- | Age subgroups:
intravenous cokinetics 6 months to <2
Neonates/infants | Secondary: safety | years,
aged preterm to and exploratory | month to <6
<2 years efficacy months,
Postsurgical mod- birth (>37 weeks
erate to severe gestational age)
acute pain need- to <| month
ing opioid preterms >32<37
treatment weeks gestational

age
*

4 Repeat dose, oral | Primary: efficacy | Age subgroups:
solution and safety 12 to <I8, 6 to
Children/adoles- <12, 2 to <6
cents aged 2 to Efficacy and
<18 years safety trial with
Postsurgical acute treatment evalua-
pain needing tion period up to
opioid treatment 96 hrs.

Note: *Safe and efficacious exposure known in adults also targeted in children.

medicines and indications authorized for use in children
during this time period. It was acknowledged, however,
that approval did not always translate directly into availabil-
ity of the medication on the market for children.

Pain Analgesic Age range
condition®
Acute pain Fentanyl Birth to <2 years (intravenous
solution)
2 years to <I8 years (plaster)
Morphine Birth to <6 months
Tapentadol Birth to <18 years
Paracetamol Preterm to <28 days
Chronic pain Gabapentin 3 months to <I8 years
Tapentadol Birth to <18 years
Tanezumab® 7-18 years
Acute proce- Glucose Birth to <I year
dural pain Methoxyflurane | 6 years to <18 years

Notes: Data presented as a poster at 7th Congress of the European Academy of
Paediatric Societies (EAPS 2018) Paris, France, October 30-November 3, 2018.°"
%as given in the respective Pediatric Investigation Plan; ® recent addition to original
reference.

Abbreviation list

ADME, absorption, distribution, metabolism, and excretion;
BPCA, Best Pharmaceuticals for Children Act; CNS, central
nervous system; EMA, European Medicines Agency; EU,
European Union; FDA, Food and Drug Administration;
FLACC, Face, Legs, Activity, Cry, and Consolability; FPS-
R, revised Faces pain scale; IASP, International Association
for the Study of Pain; ICH, International Council for
Harmonisation; NCA, nurse controlled analgesia; NSAID,
PCA, patient-
controlled analgesia; Pgp, P glycoprotein; PIP, Pediatric
Investigation Plan; PREA, Pediatric Research Equity Act;
VAS, Visual Analogue Scale; WHO, World Health
Organization.

nonsteroidal  anti-inflammatory  drug;
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