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Abstract: The opioid analgesic tapentadol was the first pain medication to be developed for
the treatment of pain in children under a formal process established by the regulatory
authorities. This article summarizes the outcomes of the pediatric development program
for tapentadol across the entire age range from birth (including neonates) to adolescents <18
years of age. In addition, the challenges experienced when designing and conducting the
pediatric tapentadol clinical trials as well as the interactions with the regulatory authorities
are discussed. As a first outcome, the oral solution of tapentadol was authorized in the EU in
2018 as a new treatment option in the hospital setting for moderate to severe acute pain in
children from 2 to <18 years of age.
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Introduction

Very few pain medications are authorized for pediatric use, in particular for the
neonatal and infant population.' The treatment of acute or long-term pediatric pain
often relies on data extrapolated from adult trials and best practice guidelines
recommended by global experts.” However, children are not simply small adults;
this vulnerable population requires medications thoroughly assessed for their phar-
macokinetic (PK) and pharmacodynamic (ie safety and efficacy) properties across
a wide age and developmental range. In order to support the development of
medicines for children, both the European Medicines Agency (EMA) and the US
Food and Drug Administration (FDA) established a regulatory framework>** includ-
ing the Pediatric Study Plan (US) and the Pediatric Investigation Plan (EU). These
are mandatory unless a waiver or deferral has been granted, and incentives are
available if particular conditions are fulfilled. Currently, incentives for the pharma-
ceutical industry to conduct these trials include exclusive marketing for 6 months in
the US and a 6-month extension of the supplementary protection certificate in
the EU.

Not all medications in development for adults may be suitable for use in the
pediatric population. Specific conditions for which some medications are developed
may not occur in children, or a product may not offer significant therapeutic benefits or
may be considered ineffective or unsafe. Moreover, for pain medications with an opioid
mechanism of action, their potential for developing an opioid use disorder needs to be
considered.” For tapentadol, an opioid analgesic with two mechanisms of action, it was
clear that a development program in the pediatric population was appropriate as pain is
present in children and the treatment may be a suitable option for this population.
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Tapentadol was shown to provide effective pain relief in
multiple acute and chronic pain indications in adult
patients®® with a more favorable gastrointestinal tolerability
profile compared to typical opioids acting through p-
receptors only. This profile can be explained by the combina-
tion of two synergistic mechanisms of action in one molecule
ie p-opioid receptor agonism (MOR) and noradrenaline reup-
take inhibition (NRI)’ resulting in a reduced p-load.”'® The
investigation of tapentadol for the relief of moderate to
severe pediatric pain was not only supported by its benefit/
risk profile in adults but also by its specific pharmacokinetic
and pharmacogenomic profile’ resulting in a predictable PK
profile'" and the absence of active metabolites contributing to
the analgesic effect.'”> With Phase II glucuronidation as the
main metabolic pathway,'? there is a low potential for drug—
drug interactions.'*'?

These considerations have led to an agreed pediatric
investigational plan with the Pediatric Committee of the
EMA (PDCO) in the EU and an agreed pediatric study
plan with the US FDA for the development of various
tapentadol formulations.

Efficacy and Safety of Tapentadol in

the Pediatric Population
An overview of the trials included in the tapentadol pediatric
program is shown in Figure 1; Table 1 provides a summary

Single dose PK and
safety trial (Eissa et al.)2°

Phase ll
Single dose PK and
safety trial (Eissa et al.)?°

Child’s age
0 2 years

US subgroup (Eissa et al.)?°

Multiple dose efficacy and safety trial (Howard et al.)??

Tapentadol oral solution Intravenous tapentadol infusion

Tapentadol prolonged release

Figure | Overview of the trials included in the tapentadol developmental program.
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Multiple dose efficacy and safety trial (Beuter et al.)?!

of the trials and main trial outcomes. The guiding principle
for the pediatric tapentadol program was that similar expo-
sure in children as observed in adults at effective dose levels
would result in an effective and safe profile in children.
Therefore, extensive PK profiling supported by modelling
and simulation techniques took place to address all age
groups and all tapentadol formulations used in this program

and to determine the doses used in the efficacy trials.'®'”

Efficacy

Treatment of Acute Pain in the Pediatric Population
The single-dose PK trials were powered to assess the PK
profile of tapentadol oral solution (OS) and tapentadol intra-
venous infusion (IV) in the pediatric population in order to
determine appropriate tapentadol doses for the treatment of
acute pain in children. Efficacy evaluations were thus only
exploratory but permitted a first indication about the effective-
ness of the medication. Pain intensity was measured using age-
appropriate rating scales. In older children (>2 years), mean
pain intensity improved during the first hours after tapentadol
OS administration.'®'® Supplemental analgesic medications
were given on average at least 5 h after tapentadol adminis-
tration which coincided with a decrease in tapentadol serum
concentrations. In children <2 years, mean pain intensity
reductions were already observed 15 min after the start of
tapentadol OS or IV treatment.*

Single dose PK and safety trial (Finkel et al.)®

Single dose PK and safety trial (Muse et al.)*®

slew) Buipuy-asopyd

18 years

sjew} Ajajes pue
Aaeoly3

submit your manuscript

250

Dove

Journal of Pain Research 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Eerdekens et al

Table 1 Summary of Tapentadol Trials for Moderate to Severe Acute or Long-Term Pediatric Pain

Trial

Pharmacokinetics

Efficacy

Safety

Acute pain

Single dose PK trial (Finkel
etal)'®

Open-label, multicenter, phase 2
6 to <I8 years, n=44

I mg/kg bodyweight tapentadol
os

Tapentadol OS | mg/kg provided
serum concentrations comparable

to therapeutic levels in adults

Exploratory analysis

Gradual reductions in mean pain
intensity scores from baseline
during the first 4 h following
tapentadol administration; use of
supplemental analgesics on
average started approx. 5 h after
tapentadol administration
consistent with a decrease in

tapentadol serum concentrations

TEAEs (none severe) in 45.5% of
patients, most commonly vomiting
(29.5%) and nausea (9.1%)

No serious TEAEs occurred

Single dose PK trial (Muse
etal)'’’

Open-label, single center, phase 2
2 to <I8 years, n=66

I mg/kg bodyweight tapentadol
oS

Tapentadol OS | mg/kg provided
serum concentrations within the
targeted range shown to be safe

and efficacious in adults (n=56)

Exploratory analysis

Mean pain intensity improved
Median time to first intake of
supplemental analgesics after

tapentadol administration was 6.3 h

TEAEs (none severe) in 57.6% of
patients, most commonly nausea
(24.2%) and vomiting (16.7%)

No serious TEAEs occurred

Single dose PK trial (Eissa

et al)?®

Open-label, multicenter, phase 2
Birth to <2 years, n=19
0.5-0.75 mg/kg bodyweight
tapentadol OS

Mean tapentadol serum
concentrations within or at the
lower end of the targeted range
known to be safe and efficacious
in adults; also compared well to
range observed in older children.
(n=18)

Exploratory analysis

Mean pain intensity reductions
already observed |5 min after
start of tapentadol treatment

94.7% of patients received

concomitant analgesic medication

TEAEs (one severe) in 42.1% of
patients, most commonly vomiting
(10.5%)

No serious TEAEs occurred

Single dose PK trial (Eissa

et al)?®

Open-label, multicenter, phase 2
Preterm/term neonates to <2
years, n=38

0.3-0.4 mg/kg bodyweight
tapentadol IV

Tapentadol serum concentration
profile after IV administration
similar to that observed after
administration of tapentadol OS
across the age range (birth to <18

years)

Exploratory analysis

Mean pain intensity reductions
already observed |5 min after
start of tapentadol treatment

86.6% of patients received

concomitant analgesic medication

TEAEs (two severe) in 28.9% of
patients; most commonly vomiting
(10.5%)

No serious TEAEs occurred

Confirmatory multiple dose
efficacy and safety trial
Randomized, double-blind,
placebo-controlled, multicenter,
phase 3 with an immediate rescue

trial design

2 to <I8 years
Tapentadol n=108, placebo n=52
1.25 mg/kg bodyweight tapentadol
OS (Beuter et al)?'

nd

The total amount of supplemental
opioid analgesic medication within
in the first 24 h after start of trial
medication was significantly lower
in tapentadol than placebo
patients (p=0.0154). Taste and
palatability of tapentadol OS were
well perceived by most patients.

TEAEs in 50% of placebo and
57.4% of tapentadol patients,
most commonly vomiting, nausea

and constipation

(Continued)
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Table | (Continued).

Trial

Pharmacokinetics

Efficacy

Safety

Birth to <2 years
Tapentadol n=1I1, placebo n=4
0.1-1.25 mg/kg bodyweight
tapentadol OS (Eissa et al)*°

nd

The total amount of supplemental
opioid analgesic medication within
the first 24 h after start of trial
medication was low (placebo
0.02 mg/kg, tapentadol 0.05 mg/
kg). Owing to the very low sample
size, the analysis was only
descriptive.

As expected, changes in mean
pain intensity were similar

between treatments.

TEAEs in 75% of placebo and
54.5% of tapentadol patients
No serious TEAEs occurred
No indication of higher
susceptibility to adverse
tapentadol effects compared to

pediatric patients 22 years

Long-term pain

Tapentadol PR pediatric trial
(Howard et al)?

Open-label, 14-day randomized,
active-controlled (morphine PR),
multicenter; phase 2/3 with open-

label tapentadol PR extension up

The pediatric population
estimation of accumulation of 1.86
was in line with that obtained in
adults (1.4-1.7).%

Randomized phase:

Tapentadol PR reduced pain
intensity from moderate to mild
pain and showed non-inferiority
to the active comparator

morphine PR based on response;

Randomized phase:

TEAEs for 57.8% of tapentadol PR
and 50% of morphine PR patients;
most commonly nausea (22.2%)
for tapentadol PR and vomiting
(33.3%) for morphine PR patients

to 12 months or no treatment
safety observation period; n=69
6 to <I8 years

1.25-1.5 mg/kg bodyweight
tapentadol PR every 12 h
Randomized phase: tapentadol PR
n=45, morphine PR n=24

Extension phase: n=36

Safety observation phase: n=58°

none of the patients discontinued | Extension phase:

TEAEs in 83.3% of patients, most
commonly nausea (30.6%) and
headache (27.8%)

Safety observation phase:

treatment due to lack of efficacy.
Rescue medication for 40% of
tapentadol PR, 25% of morphine
PR patients

Extension phase: None of the AEs were considered
Pain intensity levels remained

stable

long-term consequences of the

trial medication.

Note: *Patients could enter the safety observation from the randomized phase or the extension phase.
Abbreviations: AE, adverse event; |V, intravenous; nd, not determined; OS, oral solution; PK, pharmacokinetic; PR, prolonged release; TEAE, treatment-emergent adverse

event.

The tapentadol OS doses established by PK analyses
and subsequent population PK (popPK) modelling were
investigated in a randomized, double-blind, placebo-
controlled, multiple-dose confirmatory trial. This trial
employed an immediate rescue design to ensure that all
patients had access to pain medication (supplemental
opioid analgesic medication) irrespective of their allo-
cated treatment group. Efficacy in the treatment of mod-
erate to severe acute pain was determined by comparing
the amount of supplemental opioid analgesic medication
used within the first 24 h after the first dose of trial
medication in the tapentadol and the placebo groups. In
children aged 2 to <18 years, tapentadol OS showed
significantly better efficacy compared to placebo
(Figure 2).2' The result was confirmed by sensitivity
analyses and supported by secondary efficacy analyses.

In the subgroup of children aged <2 years, the sample

size was too low to allow for a comprehensive compar-
ison of the treatment groups.”®

The findings led to the approval of tapentadol OS in
the EU for children 2 to <18 years of age for the
treatment of moderate to severe acute pain which can
be adequately managed only with opioid analgesics
(dose
every 4 h).?* In line with the design of the clinical trials

recommendation of 1.25 mg/kg bodyweight

conducted in a hospital setting and with a total duration
of 72 hours as agreed with the PDCO, the use of
tapentadol OS is currently limited to a hospital setting
and for up to 3 days only. Moreover, because in children
below the age of 2 years only sparse efficacy and safety
data and no PK data following multiple dosing are
available, no tapentadol formulation is currently author-
ized for the treatment of pain in children <2 years
of age.
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Treatment of Long-Term Pain in the Pediatric
Population

An open-label, randomized, active-controlled tapentadol pro-
longed release (PR) trial with subsequent tapentadol exten-
sion phase investigated the efficacy of tapentadol PR in
children aged 6 to <18 years suffering from a wide range of
painful conditions expected to require opioid treatment for
more than 14 days.? Pain intensity was measured using age-
appropriate rating scales. The primary efficacy endpoint was
the number of treatment responders.

Tapentadol PR reduced pain intensity from moderate to
mild pain and showed non-inferiority to the active com-
parator morphine PR over the 14-day randomized treat-
ment period. Sensitivity analyses supported the primary
endpoint result. None of the patients discontinued
treatment due to lack of efficacy. For patients requiring
long-term treatment pain intensity scores remained stable
during the subsequent 12-month tapentadol extension
phase (Figure 3).

In contrast to adults with chronic pain conditions who
would generally only receive PR opioids after experien-
cing pain for at least 3 months and who usually continue
on these medications for long periods, pediatric patients
had a shorter history of pain and in most cases did not
require pain treatment with a strong analgesic for a long
period of time: nearly half of the patients entering the
extension phase (44.4%) discontinued treatment during
the first 3 months, mainly because opioid treatment was
no longer required. Although usually administered for
a short period of time, a twice-daily dosing with a PR
formulation might be a useful alternative to immediate
release (IR) opioids in patients >6 years as IR formulations
require more frequent dosing (eg every 4—6 h) which may
impact on patient compliance and may be difficult and
time-consuming for caregivers as acknowledged by the
FDA.**

Safety

The tapentadol safety profile was as expected for an
analgesic which includes an opioid mode of action. The
adverse event profile also reflected specific characteristics
of the pediatric trial population, its underlying diseases,
and concomitant treatments. Compared to adults, there
was no higher susceptibility of the pediatric trial popula-
tion to side-effects. There were no new safety issues or
tapentadol-related adverse events identified in pediatric
trials.

Tapentadol OS/IV

Treatment-emergent adverse events (TEAEs) were
reported for 51.2% of patients in single-dose tapentadol
OS trials'® " and for 28.9% of patients in the single-dose
tapentadol IV trial;?® TEAEs occurred in 57.1% of patients
receiving multiple doses of tapentadol OS for the treat-
ment of acute pain”*?' (Table 2). None of the TEAEs in
the single-dose trials were serious; two patients in the
multidose trial, however, experienced serious TEAEs
(abdominal abscess and seizure)’' but they were deemed
unlikely related to tapentadol treatment by the investiga-
tors. The main TEAEs were vomiting (21.4% [53/248])
and nausea (14.5% [36/248]) across the tapentadol OS
trials and vomiting (10.5%) in the tapentadol IV trial. Of
note is that pyrexia was reported in 5.2% (15/286) of all
patients dosed with tapentadol. This is not a known side-
effect of tapentadol treatment and none of these events
were deemed related to trial medication by the investiga-
tors. The occurrence of pyrexia can probably be explained
by confounding factors reported for these patients such as
inflammation reactions due to surgery or an orthopedic
implant, pre-existing fever, peri-splenitis, skin inflamma-
tion, or fever due to extensive blood loss. Incidences of
pyrexia have also been reported under placebo, tapentadol,
and oxycodone treatment for acute pain following major
surgery in adult patients.’

Respiratory depression is a major clinical concern
when administering centrally acting opioid analgesic med-
ications. Respiratory depression was not documented as
a TEAE in any of the trials. Furthermore, the incidence of
TEAESs suggestive of respiratory depression was low: oxy-
gen saturation decreased (3.2% of patients [9/286]),
hypoxia (1.4% [4/286]), and PO, decreased (0.4% [1/
286]). Most of these TEAEs were considered not related
to tapentadol treatment by the investigators; three cases of
hypoxia were deemed at least possibly related.

Multiple doses of tapentadol OS were well tolerated
across the age range. The proportions of patients with
TEAEs were 54.5% (birth to <2 years), 39.1% (2 to <6
years), 46.9% (6 to <12 years), and 71.7% (12 to <18
years). Patients in the oldest age group received a higher
amount of supplemental opioid analgesic medication than
the other groups which might have contributed to the
higher TEAE incidences.

There was no indication for a higher susceptibility to
side-effects of the youngest patients (<2 years of age)
compared to the older groups aged 2 years and above. In
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LSMD (95% CI) P value

!

Full analysis set -0.10(-0.18,-0.02) 0.0154

)

O =feecaccccacccncccacccsansscccnsananaad

Per-protocol set -0.10(-0.18,-0.01) 0.0209

Placebo mean imputation -0.08 (-0.15,-0.01) 0.0253

¥

Treatment mean imputation —— -0.09(-0.16,-0.02) 0.0108
I I I |
-02 -0.1 0.1 0.2
Favors tapentadol Favors placebo

Figure 2 Statistically significant treatment differences in favor of tapentadol oral solution for the primary trial endpoint (amount of supplemental opioid analgesic medication
used within the first 24 h after intake of trial medication) in children aged 2 to <18 years with moderate to severe acute pain. Main analysis (full analysis set) and sensitivity
analyses.

Notes: Copyright 2019. Dove Medical Press. Reprinted from Beuter C, Volkers G, Radic T, Goldberg J, van den Anker ). Efficacy and safety of multiple doses of tapentadol
oral solution in the treatment of moderate to severe acute pain in children aged 2 to <I8 years — a randomized, double-blind, placebo-controlled trial. ] Pain Res.
2019;12:3099-3112.%"

Abbreviation: LSMD, least-squares mean difference.

101 FPS-R

Mean pain intensity score
1%
L

0 T T T T T T T T T T T T 1
B 28 56 84 112 140 168 196 224 252 280 308 336 365

1004 VAS
90
80
70 -
60 -
50 -
40
30 -
20 -
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0- r T T T T T T T | T T T T 1

B 28 56 84 112 140 168 196 224 252 280 308 336 365

Treatment duration (days)

Mean pain intensity score

Patients(n) 32 32 23 20 18 16 15 14 12 11 11 11 9 9

Figure 3 Stable pain intensity scores during up to |2 months treatment with tapentadol PR in children 6 to <18 years of age using two pain rating scales (“‘as observed”
data).

Notes: Baseline was the last evaluation at or before the end of randomized treatment visit. Copyright 2020. Reprinted with permission from Howard R, Radic T, Sohns M,
Eerdekens M, WaBmuth A. Tapentadol prolonged release for long-term treatment of pain in children. | Pain Res. 2020;13:3157-3170.

Abbreviations: B, baseline; FPS-R, Faces Pain Scale-revised; VAS, visual analogue scale.
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Table 2 Main Treatment-Emergent Adverse Events under Tapentadol Treatment for Acute Pain (Including Events Suggestive of

Respiratory Depression)

OS Single Dose OS Multiple Doses IV Single Dose
(n=129) (n=119) (n=38)
All patients with a TEAE 66 (51.2%) 68 (57.1%) 11 (28.9%)
Vomiting 26 (20.2%) 27 (22.7%) 4 (10.5%)
Nausea 20 (15.5%) 16 (13.4%) 0
Dizziness 7 (5.4%) 4 (3.4%) 0
Somnolence 2 (1.6%) 6 (5%) 0
Constipation | (0.8%) 12 (10.1%) 0
Pyrexia 4 (3.1%) 10 (8.4%) I (2.6%)
Oxygen saturation decreased 2 (1.6%) 4 (3.4%) 3 (7.9%)
Hypoxia | (0.8%) 3 (2.5%) 0
PO, decreased 0 1 (0.8%) 0

Notes: Data are number of patients (%). Data from single-dose OS trials were combined.
Abbreviations: |V, intravenous; OS, oral solution; TEAE, treatment-emergent adverse event.

all age groups, vomiting was the most common TEAE: 2
patients (18.2%) in the group <2 years, 4 patients (17.4%)
in the 2 to <6 years group, 8 patients (25%) in the group
from 6 to <12 years, and 13 patients (24.5%) aged from 12
to <18 years.

Overall, there were no clinically relevant changes in
hematology and clinical chemistry parameters under multi-
ple-dose tapentadol OS treatment.

Tapentadol PR

Tapentadol PR treatment was well tolerated. The most
frequently reported TEAEs were nausea (22.2% of
patients), constipation (15.6%), and abdominal pain,
vomiting and headache (each 13.3%) during the 14-day
randomized period and nausea (30.6%) and headache
(27.8%) during the extension phase. The degree of con-
stipation remained stable during the first 14 days; a slight
decrease was observed under long-term treatment.

Small fluctuations in clinical chemistry and hematol-
ogy laboratory parameters and in vital signs were not
considered clinically relevant. There was one TEAE indi-
cative of respiratory depression (bradypnea of moderate
intensity) which was considered by the investigator to be
certainly related to tapentadol PR treatment and led to
treatment withdrawal. There was no indication of clini-
cally relevant opioid withdrawal symptoms.

The adverse event profile was overall in line with the
safety profile known from adult tapentadol PR trials;® no
new safety issues or tapentadol-related side-effects were
identified. None of the adverse events occurring after the
final tapentadol dose were considered to be long-term
consequences of the trial medication.

Inclusion of Results from the
Development Plan into the Product

Label

In the US, the pediatric study plan is still ongoing. In the EU,
the findings of the clinical trial program led to the approval of
tapentadol OS for children 2 to <18 years of age for the
treatment of moderate to severe acute pain which can be
adequately managed only with opioid analgesics (dose recom-
mendation of 1.25 mg/kg bodyweight every 4 h).** The clin-
ical program had been agreed with PDCO assuming that it
would allow extension of the label from adults to children.
This assumption turned out to be invalid. In contrast to the
adult program, regulatory authorities approved a more
restricted label in the pediatric population by mimicking the
clinical trial conditions in the product label. As a result, tapen-
tadol OS use is restricted to a hospital setting, limited to a total
duration of use of 72 hours and use in children >2 years of age
as the available data from the agreed program with PDCO
were deemed insufficient in the younger age group.

From this experience, it is clear that the requirements for
approving a pediatric formulation might differ from the
agreed development plan. The sufficiency of the data
acquired for the PR formulation in children/adolescents is
currently under re-evaluation prior to submission of a request
for label extension of tapentadol PR to children >6 years.

New Insights into the Pediatric
Development of Drugs Initially
Targeted for Adults

The challenges of conducting pediatric trials for the treat-
ment of pain have been discussed in detail in the
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introductory article of the thematic tapentadol series.' This
chapter describes how some of these challenges were
handled in the tapentadol program.

Formulations Developed for Adult
Patients May Not Be Suitable for Dosing

Across the Entire Pediatric Age Range
Tapentadol is available for adult patients as immediate
release” and prolonged release®® tablets and as an oral
solution.””*” Oral solutions are a common, generally well-
accepted formulation even for very young infants.
However, to accommodate for weight-adjusted dosing,
a lower OS dose strength had to be developed for younger
children. In addition, an intravenous drug formulation for
neonates and children unable to take oral medications was
developed for the treatment of acute pain in the pediatric
development program. Palatability and acceptability of the
oral solution were investigated in a multiple-dose efficacy
and safety trial in children aged 2 to <18 years®' and were
considered sufficient to ensure intake compliance in this
age range. Conditions of chronic pain are rare in children
and even more so in the very young; therefore, the PR
formulation of tapentadol already approved for adult pain
treatment was assessed for the treatment of pediatric pain
in children aged 6 years and older requiring longer
treatment.

Determination of Age-Appropriate
Analgesic Doses is Possible by Using
popPK Modeling

The determination of age-appropriate doses for the pedia-
tric population can be based on a thorough understanding
of the drug PK profile and its age-related changes.
However, this thorough understanding might be difficult
to achieve given the limitations in conducting pediatric
trials. These limitations include the small sample size of
pediatric clinical trials to minimize medication exposure in
this vulnerable population and a restricted number of
blood samples for PK analysis.

In order to maximize the information gain from the
available samples, modelling and simulation techniques
were extensively used in the tapentadol program.

In the development of tapentadol for the treatment of
acute pain in pediatrics, a similar exposure—response rela-
tionship in children and adults was assumed, and the aim
was therefore to identify tapentadol doses resulting in
exposures in children which would fall into the adult

exposure range using the approved therapeutic tapentadol
IR dose range (50—-100 mg).

Throughout  the
a staggered approach was adopted starting with exposing

tapentadol  pediatric  program,
the oldest patients first even within the same trial. To best
inform the dose selection, a popPK model that was devel-
oped on pooled data from adult trials of tapentadol IR was
extended with allometric scaling to create the initial pedia-
tric popPK model. This model was used to perform simu-
lations and recommend doses to be investigated in the very
first pediatric trials in subjects 2 years of age and
above.'®'? As a result, a dose of 1.0 mg/kg was selected
in order to match the targeted adult exposure.

For the very young children <2 years of age®® where
allometric scaling alone might not be sufficient,
a physiologically based pharmacokinetic model was uti-
lized to recommend the starting doses>® taking into account
the rapid changes in organ maturation and development in
this very young population. The PK data collected from the
pediatric trials were then integrated into the pediatric
popPK model which was subsequently updated as PK data
became available. Figure 4 shows the pathway of trials
leading to the final popPK model for tapentadol OS with
dose recommendations for the entire age range from birth to
<18 years. Efficacy and safety of the thus established doses
were then confirmed in a randomized placebo-controlled
trial across the entire pediatric age range.”**'

For pediatric patients requiring long-term treatment, the
selection of tapentadol PR doses was based on a popPK
model which integrated data from adult tapentadol PR trials
and the available knowledge from pediatric tapentadol oral
solution trials. Similarly, simulations with tapentadol PR
aimed to identify the required doses that would result in
steady-state exposures in pediatric patients similar to those
reported for the therapeutic dose range of tapentadol PR in
adults (50 to 250 mg b.i.d.). The established doses were
investigated in a randomized, active-controlled trial with

a tapentadol PR extension phase.”

Limiting Exposure in the Pediatric
Population During Development is Key

for Ethical and Feasibility Purposes

The pediatric population is vulnerable and the inclusion of
children in clinical trials is always a matter of great con-
cern for parents, researchers, and ethic committees. In
order to address the research questions about the effective-
ness and safety of a new medicinal agent, the optimal trial
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0.5 — 0.75 mg/kg bodyweight
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Single dose PK trial (Eissa et al)?®
Tapentadol IV

Preterm/term neonates and children <2 years
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PopPK model based on tapentadol OS data
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(pediatric popPK model; Watson et al)'®
DR for children aged
2 to <18 years of age
1
1
1
: Confirmatory efficacy and safety trial using
\ multiple doses of tapentadol OS
1 1.25 mg/kg bodyweight in children aged 2 to <18
! years of age (Beuter et al)?!
L - - — | 0.1-1.25 mg/kg bodyweight in children from birth
to <2 years of age (Eissa et al)?°
A
— | PopPK model based on tapentadol OS data in _:
> | children from birth to <18 years; with allometric DR for children
scaling and maturation function <2 years
Data
Final popPK model based on tapentadol OS and
IV data in children from birth to <18 years;
Data with allometric scaling and maturation functions

(final popPK model; Khalil et al)'”

Figure 4 Dose determination pathway resulting in the final popPK model for tapentadol oral solution with dose recommendations for the entire pediatric age range from

birth to <I8 years.

Abbreviations: DR, dose recommendation; 1V, intravenous infusion; OS, oral solution; popPK, population PK.

design needs to be selected to ensure that medication
exposure of children is limited to the absolute minimum
rendering the trial feasible while ensuring that a reliable
answer to the research question can still be obtained.

In order to address the effectiveness and safety of
tapentadol PR for the treatment of long-term pain in the
pediatric development program, a new innovative
approach developed by Hlavin et al was used for the
sample size determination of the pediatric long-term pain
trial. This methodology makes use of prior information
and of extrapolation from a larger population to a small
target population as defined in the EMA reflection paper
on extrapolation.*

Specifically, for the pediatric long-term pain trial, the
original sample size calculation did not consider prior
information and the trial was therefore planned with
a sample size of 129 children. During the trial, more
information became available from the pediatric pro-
gram in acute pain. Consequently, the final sample size
was then recalculated making use of the pre-existing
evidence from clinical trials evaluating the efficacy of
tapentadol IR and PR in adult acute and chronic pain
and using data from tapentadol IR in the pediatric
population. By utilizing all this prior knowledge and

extrapolations from adults to pediatrics and from IR to

PR, the body of evidence required from the pediatric
long-term pain trial could be reduced. This was reflected
in a more liberal one-sided statistical significance level
of 0.1 for the pediatric trial as determined by the Hlavin
methodology, while still maintaining confidence in the
effectiveness of the drug in children after successful
With this adjusted one-sided type
I error of 0.1, a reduced sample size of 69 children

pediatric trials.

was derived, compared to 129 children required with
the usual type I error of 0.025. With this new approach,
medication exposure in this vulnerable population could
be limited, feasibility improved, and completion of the
clinical trial accelerated.

Safety is of Great Concern in Pediatric
Trials and Requires Constant Monitoring

In the tapentadol PK trials, enrollment was staggered
starting with the oldest patient group under constant sur-
veillance of safety and tapentadol exposure before the next
younger group received any trial medication. In addition,
external independent data monitoring committees were
established for trials in children <2 years and for the
multiple-dose efficacy and safety trial to monitor the safety
of this vulnerable population.
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It is Challenging to Investigate a Pain
Medication with a Broad Label in Adults
in the Pediatric Population

Unlike medications indicated for a specific disorder, eg

upper
a narrowly focused pediatric development, tapentadol

respiratory tract infection which can have
with its broad authorization for acute and chronic pain
indications required an extensive investigational plan in
the pediatric population. In order to investigate if tapenta-
dol could also provide effective pain relief in a broad
range of pediatric pain conditions, appropriate pain condi-
tions representative for acute and chronic pain in the
pediatric population had to be identified. After extensive
research, acute pain following surgery was assessed as an
area of unmet need in the pediatric population with
a sufficient number of patients that can be accessed to
make a clinical trial feasible and as a representative
model of acute pain. Two commonly used postsurgical
pain models appropriate for the age group investigated (2
to <18 years) and associated with significant pain, namely
tonsillectomy’' and dental surgery*> were employed in one
single dose PK trial'® but all other trials in the program
permitted a wider selection of surgeries to achieve suffi-
cient sample sizes and to ensure broad applicability of the
results.

Typical chronic pain indications as observed in
adults are rare in children. Although chronic daily
pain in children might be present due to chronic head-
aches, neurodegenerative disorders, inflammatory disor-
ders, posttraumatic neuropathic pain conditions, or
advanced cancer and other diseases, it is less prevalent
than in adults.>* Moreover, it is rare that one of these
indications requires a long-term treatment with opioids
in young children. In light of the low occurrence of
pain requiring long-term treatment with opioids espe-
cially in young children and owing to the limitations of
the tapentadol PR tablet formulations available (lowest
dose available is 25 mg), the development program
focused on patients above the age of six. Even when
focusing on patients 6 years or older, it soon became
clear that recruitment of a sufficient trial sample size
when using the adult definition of chronic pain (ie, pain
lasting for at least 3 months) would be very challen-
ging. Moreover, discussion with experts revealed that
the real need in this population is for a prolonged
release formulation that can ensure adequate pain relief
when use is anticipated to be longer than would be

usual for the treatment of acute pain. The use of a PR
formulation would allow in these cases for less frequent
dosing facilitating compliance and improving quality of
life for patients and caregivers. These considerations
with expert input resulted in the following definition
of pain for entry into the tapentadol PR trial: ‘pain
expected to require twice-daily PR opioid treatment
for at least 14 days’. This definition was agreed by the
PDCO prior to trial initiation. It permitted trial sites to
recruit patients with more diverse indications (cancer
pain, painful burns, postsurgical pain) in addition to
patients with traditional chronic pain conditions such
as juvenile rheumatoid arthritis or congenital
neuropathy.”® The high proportion of patients complet-
ing 14 days of tapentadol treatment in that trial sug-
gested that the entry criteria for severe long-term pain
enabled recruitment of the appropriate patients requir-

ing long-term treatment with a strong analgesic.

Experience Gained from
Interactions with the Regulatory
Authorities in the EU

Iterative Learning in the Course of

Development

Tapentadol was one of the first compounds to go through
the formal EU process of the Pediatric Investigation Plan
(PIP) and as such had a forerunner role at the start of the
learning curve for both the regulators and the pharma-
ceutical industry. The PIP for acute pain was agreed with
PDCO in 2008 and was completed in 2018. In the course
of the program, 14 modifications of this PIP were
agreed. The second PIP concerning long-term pain was
agreed in 2009 and is still ongoing. To date, this PIP has
been modified 10 times. All modifications required the
expenditure of considerable time and effort on both sides
(ie PDCO and pharmaceutical company) until the mod-
ifications were agreed to and adopted. The PIP is
intended to be a living document but too much detail
early on necessitated this large number of changes. From
the publication describing the EMA’s experience with
pediatric programs and the development of an ongoing
action plan, it is clear that improvements have in the
meantime been made and are continuing to be made in
the process with less detail required initially and more
flexibility to permit alteration based on emerging

.34,35

data; this is clearly a positive development.
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Gap Between PDCO/EMA and Assessing

Competent Authorities

According to the PDCO website, “the PDCO’s main role is to
assess the content of paediatric investigation plans (PIPs),
which determine the studies that companies must carry out in
children when developing a medicine” and “is not responsi-
ble for marketing authorisation applications for medicines for
use in children”. This is problematic as successfully complet-
ing a PIP as agreed with the PDCO does not guarantee
approval by the responsible authorities of the medicinal
product for the pediatric population as intended by the PIP.
The competent authorities for marketing authorization can,
for example, restrict the use of the product if the program is
deemed to be insufficient for the intended and unrestricted
use. This can render effective use of the product in the
pediatric population difficult or impossible by, eg limiting
the use to single dose only or restricting use to certain
settings. The ultimate goal of a pediatric development should
be to make drugs available for the pediatric population. This
can only be achieved when the development is in line with
the valid regulatory requirements and the obtained data are
reflected in the product label. In our opinion, this requires
stronger involvement of regulatory experts from competent
authorities in the assessment of PIPs and their modifications.

Different Requirements Imposed by

Different Authorities

For tapentadol both a Pediatric Study Plan (US) and
a Pediatric Investigation Plan (EU) were agreed with the
respective regulatory body, FDA (US) and PDCO (EU)
and subsequently executed. Unfortunately, the two plans,
although largely overlapping, had some specific require-
ments leading to sometimes subtle or overt differences in
plans between the two regions. An overt difference was
the requirement in the US to conduct a placebo-controlled
efficacy trial to support a pediatric long-term pain indica-
tion, whereas in the EU, a non-inferiority design was
accepted. Some examples of more subtle differences
include differing requirements with respect to the age
ranges to be studied, eg birth to <17 years (not including
preterm neonates) for US and birth to <18 years (including
preterm neonates) for EU for the acute pain program. Such
differences lead to increased complexity in trial design,
trial conduct, and analysis and interpretation of data. This
could be addressed by a closer alignment on authority
requirements for pediatric programs across regions.
Moreover, the lack of harmonization of national rules for

conducting pediatric clinical trials across the European
Union led to a further significant increase of trial duration.
Some clinical trial applications for trials included in the
program as agreed upon with the PDCO did not receive
approval in certain EU countries due to specific local
requirements. A closer upfront alignment on authority
requirements for pediatric clinical trials across the EU
would help to resolve such issues.

Recommendations for sponsors of future pediatric pro-
grams are provided (Box 1).

Conclusions

Although tapentadol is one of the latest approved opioid
analgesics, it is the most thoroughly and systematically
investigated strong analgesic across all age groups. Its
positive benefit/risk profile that was already established
in the adult population is now also supported in acute

Box |
Programs

Recommendations for Sponsors of Future Pediatric

® Be aware that if the initial indication obtained for adults is broad,
the required program in children may be extensive.

® Engage in early discussions with the authorities PDCO and FDA to
ensure that the pediatric clinical development has all chances to
succeed from a scientific, ethical and feasibility perspective prior
to finalization of the plan.

® Obtain agreement from competent authorities on how the out-
comes of the program will be reflected in the product label prior
to embarking on the pediatric development program.

® Familiarize yourself with regulations and ethical considerations in
the countries where you are planning to conduct the studies.

® Put a dedicated team together that has the tenacity and stamina to
overcome obstacles associated with pediatric drug development.

® Build a network of committed pediatric researchers that can help
you complete the program.

® Ensure that prior to agreement on a pediatric investigational plan
(EV) or pediatric study plan (FDA), its feasibility is thoroughly
checked with future investigators.

® Take all prior knowledge into consideration in designing the pro-
gram so that the number of patients required in the investigation
will be minimized while preserving the power to obtain valid study
results.

® Utilize “fit-for-purpose” modeling and simulation techniques to
ensure optimal trial design and prioritize integrated data analyses
especially towards the end of the program.

® |nvestigate if validated outcome measures are available in the age
groups you want to study.

® Be critical in evaluating safety data and thoroughly assess the
totality of data collected bearing in mind that for the youngest
patients, verbal reporting of, eg, adverse events is not possible.
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and long-term use in the pediatric population by data from
its structured pediatric development program. A pediatric
development is challenging and even if executed in com-
pliance with all preconditions from, eg a PIP, and if posi-
tive results are obtained, it may not automatically result in
accessibility of the medication for the targeted population.
To date and as a tangible outcome of the pediatric devel-
opment plans, tapentadol OS for children has been author-
ized in the EU in 2018, as a new treatment option in the
hospital for moderate to severe acute pain in children from
2 to <18 years of age.
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