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Background: Well-controlled trials of analgesics in the pediatric population are scarce.

Tapentadol is a strong centrally acting analgesic which has undergone a pediatric develop-

ment program investigating its suitability for treating moderate to severe acute pain across

the entire pediatric age range from birth to adolescence. Here, we report data from a pivotal

Phase III trial performed as part of this development program.

Patients and methods: This randomized, double-blind, placebo-controlled, multicenter

clinical trial investigated efficacy and safety/tolerability of multiple tapentadol oral solution

doses (OS; target dose 1.25 mg/kg) in the treatment of postsurgical acute pain. Data for

patients aged 2 to <18 years are reported here. The main objective of the trial was to

investigate if oral tapentadol administration compared to placebo reduces the use of supple-

mental opioid analgesic medication within the first 24 hrs of treatment. Other investigated

parameters included taste and palatability of the trial medication, adverse events (AEs), vital

signs, and laboratory parameters.

Results: A total of 160 patients were included (placebo n=52, tapentadol n=108). It was

shown that the total amount of supplemental opioid analgesic medication used in the first

24 hrs was significantly lower in tapentadol patients than placebo patients (p=0.0154). Taste

and palatability of tapentadol OS was well perceived by most patients. Treatment-emergent

AEs were reported in 50% of patients treated with placebo vs 57.4% in those exposed to

tapentadol, most commonly vomiting, nausea, and constipation in both treatment groups.

Conclusion: Tapentadol OS was effective and generally well tolerated in children

(≥2 years) for the treatment of moderate to severe acute pain. Across all age groups,

palatability and acceptability of tapentadol OS were sufficient to ensure intake compliance.

This trial provides evidence that tapentadol OS can be effectively used to treat pain in young

patients for whom currently limited labelled treatment options are available.

Keywords: tapentadol oral solution, pediatric pain management, moderate to severe acute

pain, efficacy, safety

Introduction
In the past, systematic clinical trial programs in the pediatric population for drugs

initially targeted for the adult population were often not carried out. As a result,

off-label use of medicines in the pediatric population has become common

practice.1 This lack of systematic evaluation of medicinal products has led to a

regulatory framework for the study of new drugs in the pediatric population
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initiated by authorities such as the European Medicines

Agency2 and the United States Food and Drug

Administration.3 However, current treatment recommenda-

tions for the pediatric population are often still based on

empirical data and expert opinions. For instance, guide-

lines for pediatric pain management after surgery recom-

mend a multimodal analgesia approach depending on the

severity of pain experienced by the child or adolescent.4,5

Following these guidelines, opioids are broadly adminis-

tered for the treatment of moderate to severe acute pedia-

tric pain4,5 but often have not been tested in clinical trials

in this indication and are thus used in an off-label manner.

Tapentadol, a strong centrally acting analgesic with a

dual mechanism of action6 has been shown to provide

effective pain relief across multiple indications in the

adult population.7–15 It has a beneficial gastrointestinal

tolerability with lower rates of nausea, vomiting, and

constipation compared to commonly used opioids. With

its dual mechanism of action, including noradrenaline

reuptake inhibition (NRI) in addition to µ-opioid recep-

tor agonism (MOR), tapentadol provides equianalgesia

with a lower burden of typical µ-opioid receptor-related

side effects in comparison to pure opioids due to an

overall lower µ-load.16 The µ-load describes the contri-

bution (%) of the MOR component to the adverse effect

magnitude relative to a pure/classical µ-opioid at equia-

nalgesia and has been estimated at ≤40% for

tapentadol.16 Forty percent or less of the overall effect

is due to MOR agonism, the remainder is resulting from

NRI reuptake inhibition and the synergy of the two

mechanisms of action. Morphine milligram equivalents

to achieve equianalgesia are based on a conversion

factor of 2.5:1 (tapentadol:morphine). With this conver-

sion, comparable analgesic effects of tapentadol and

morphine are reached, however, because of the lower

µ-load of ≤40%, not the same opioid activity will be

reached. In addition to its favourable side effect profile,

tapentadol has a predictable pharmacokinetic (PK) pro-

file with no active metabolites6 and a low potential for

PK drug–drug interactions.17,18 Based on this, tapenta-

dol was identified as a potentially well suited treatment

alternative for moderate to severe pain in the pediatric

population. It underwent a multi-national pediatric

development program for the entire age range from

preterm neonates to adolescents <18 years in agreement

with EU and US authorities.

As part of this program, a randomized, double-blind,

placebo-controlled multicenter Phase III trial was performed

in order to evaluate efficacy and safety/tolerability across the

age range from birth to <18 years. Data of patients aged 2

years and older are reported here. Data for patients <2 years

will be presented in a later publication. An oral solution (OS)

was identified as the appropriate formulation to dose patients

in this trial. Oral tapentadol solutions were already available

at the start of the pediatric program: a 20mg/mL solutionwas

approved and marketed in several countries for adult use and

a novel 4 mg/mL had been developed in preparation of the

pediatric development program. In order to identify a tapen-

tadol dose for the population reported here, a pediatric popu-

lation PK model was built using data from two dedicated

single dose PK trials.19,20 Simulations conducted using this

model indicated a tapentadol dose of 1.25 mg/kg body

weight given every 4 hrs as appropriate.21 This dose was

expected to produce exposures (AUCτ,ss) at steady state

within the targeted range in adults achieved after repeat

dosing of 50–100 mg tapentadol immediate-release every 4

hrs; these doses have previously been shown to be safe and

efficacious in adults.7–14 Full details of dose selection are

provided in a parallel pharmacometric publication in this

thematic tapentadol series.21

Patients and methods
Trial design
This randomized, double-blind, placebo-controlled, parallel

group, multicenter Phase III trial was conducted in accor-

dance with the Declaration of Helsinki, Good Clinical

Practice, national regulations, and applicable local laws at

44 trial sites located in 9 European countries and the United

States (supplementary document). The trial period for the

group of children and adolescents from 2 to <18 years of

age was from February 2015 to December 2016. Trial

protocol and amendments, patient information sheet, and

informed consent/assent forms were approved by indepen-

dent ethics committees or institutional review boards at the

participating trial sites. An assent or a written informed

consent was obtained from the participating patients, as

applicable. In addition, their parents/legal guardians pro-

vided written informed consent as legally required. The

trial is registered with Eudra-CT (No. 2012-004359-35).

Figure 1 summarizes the trial design. The trial con-

sisted of an enrollment period (up to 28 days before

allocation to trial medication), a double-blind treatment
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and evaluation period (up to 96 hrs), and a follow-up (10–

14 days after first dose of trial medication; might be

performed by telephone). Patients were enrolled before

or after surgery. During recovery from surgery, they

received postsurgical standard of care treatment via

patient-controlled analgesia (PCA) or nurse-controlled

analgesia (NCA) with morphine or hydromorphone (with

or without a background opioid infusion), eligibility for

trial participation was confirmed, and patients were then

allocated to treatment.

Employing a standard double-blind trial design to deter-

mine the efficacy of an analgesic medication by showing

superiority over placebo based on pain assessments might

leave patients in the placebo arm without sufficient pain

relief and is not ethically acceptable for pediatric trials.1

Therefore, an immediate rescue design with an alternative

efficacy endpoint was chosen. This endpoint allowed to

compare the use of supplemental opioid analgesic medica-

tion via PCA or NCA between study participants receiving

placebo or active trial medication. Opioids permitted were

morphine and hydromorphone. Using this approach, effi-

cacy could be determined, and all pediatric patients still had

access to adequate pain treatment. This approach has been

recommended for pain trials in children22,23 and has been

used previously.24 The dose of tapentadol OS was

1.25 mg/kg every 4 hrs.

Patients
Male and female patients were eligible to participate if they

had undergone surgery that, in the investigator’s opinion,

would lead to moderate to severe acute pain that would

require opioid treatment for at least 24 hrs after the first

dose of trial medication and were hospitalized until the end

of treatment. Brain surgeries increasing the risk of CNS side

effects or gastrointestinal surgery procedures expected to

affect tapentadol absorption were not included. Patients

should have received morphine or hydromorphone as PCA

or NCAwith or without a background infusion of the same

opioid (i.e., morphine or hydromorphone) according to

standard of care prior to allocation to trial medication.

Patients were expected to continue requiring opioid therapy

by NCA/PCA after start of trial medication intake. Main

exclusion criteria were concomitant diseases or disorders

that, in the opinion of the investigator, could affect or

compromise patient safety during the trial, a current condi-

tion or history of CNS disorders or diseases (such as

non-febrile seizure disorder, epilepsy, serotonin syndrome,

traumatic or hypoxic brain injury, brain tumor), moderate to

severe renal or hepatic impairment as confirmed by local

screening laboratory results, abnormal pulmonary function

or clinically relevant respiratory disease, postsurgical clini-

cally relevant abnormal laboratory or hematology values, or

clinically relevant abnormal electrocardiogram (ECG) find-

ings. Subjects had to be clinically stable postsurgically and

mentally capable of complying with the trial procedures.

The following also led to exclusion: previous exposure to

tapentadol; clinically relevant history of hypersensitivity,

allergy, or contraindication to the supplemental opioid

analgesic medication, tapentadol, the excipients, or nalox-

one; history of suicidal ideation or behavior; history of

alcohol and/or substance abuse; or breastfeeding.

The following medications/procedures were prohibited

for prespecified time frames prior to and following trial

medication allocation: monoamine oxidase inhibitors,

strong enzyme inducing drugs, methadone, neuroleptics,

anticonvulsants (except for gabapentin used in association

with surgery), antiparkinsonian drugs, all serotonergic

drugs including selective serotonin/norepinephrine reup-

take inhibitors, tricyclic antidepressants, linezolid, triptans,

St. John’s Wort, long-acting opioids, sedatives (except for

benzodiazepines for muscle spasms or anxiety), or peri- or

postsurgical analgesia supplied by a continuous regional

technique or patient-controlled epidural analgesia, opioid

analgesics other than morphine, hydromorphone, and

tapentadol, as well as continuous positive airway pressure

or mechanical ventilation.

Randomization
Eligible patients were randomly allocated (2:1) to either

tapentadol OS or a matching placebo OS using an

Figure 1 Trial design.

Abbreviations: NCA, nurse-controlled analgesia; PCA, patient-controlled analgesia.
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interactive voice/web response system. Randomization for

the trial population from 2 to <18 years followed compu-

ter-generated randomization lists balanced by permuted

blocks and stratified by age groups and supplemental

opioid use (morphine or hydromorphone). Patients, inves-

tigators, and other trial team members involved in trial

conduct, data management, or trial analysis remained

blinded to trial medication until after data lock.

Treatment
Patients received tapentadol OS doses of 1.25 mg/kg or the

corresponding volume of placebo OS for the first 24 hrs at

dosing intervals of 4 hrs (±15 mins). The maximum per-

mitted individual dose was 100 mg tapentadol per admin-

istration. If asleep at the time of the scheduled dose, the

patient was awakened and dosed within a maximum time

of 6 hrs after the previous dose. Background infusions

were discontinued at administration of first trial medica-

tion. If a patient had unbearable pain despite using PCA/

NCA, an additional bolus (defined as a clinician bolus) of

morphine or hydromorphone (whichever opioid was admi-

nistered by PCA/NCA) could be given either using the

PCA/NCA pump system or by an intravenous bolus injec-

tion. If, in the investigator’s opinion, analgesic require-

ments had declined after 24 hrs, tapentadol doses could be

reduced to 1 mg/kg. Dosing was stopped at the latest after

72 hrs of treatment, or if the patient was switched to

exclusively oral opioid analgesics, or if opioid analgesics

were no longer required.

Vital signs, sedation score, oxygen saturation, and pain

scores were measured before each administration of trial

medication.

Efficacy assessments
Table 1 lists the efficacy outcome measures. The primary

efficacy endpoint assessed the difference between the

treatment arms in the “total amount of supplemental

opioid analgesic medication used within the first 24 h

after first dose of trial medication” expressed as morphine

equivalents in mg/kg body weight (to obtain the mor-

phine equivalent, hydromorphone doses were multiplied

by 5). Supplemental opioid analgesic medications

included in the analysis were opioids given via PCA/

NCA, clinician bolus, and other intravenously adminis-

tered opioids. Secondary efficacy endpoints included the

total amount of supplemental opioid analgesic medication

used within the first 12 hrs after first dose, the total

amount of supplemental opioid analgesic medication

received from 24 to 96 hrs after first dose assessed in

12-hr intervals, changes from baseline in pain intensity

over the treatment period, palatability and acceptability

after first and last dose of trial medication, Clinical

Global Impression of Change (CGIC) and Patient

Global Impression of Change (PGIC) ratings after com-

pletion of double-blind treatment, and time to treatment

discontinuation due to lack of efficacy.

Safety and tolerability assessments
Adverse events (AEs) were monitored throughout the trial.

Tolerability was assessed by analyzing all treatment-emer-

gent adverse events (TEAEs; any AEs that occurred at or

after first administration of placebo or tapentadol). The

proportion of patients discontinuing treatment due to

TEAEs or drug-related TEAEs was also analyzed.

Table 1 Efficacy Outcome Measures

Outcome measure Description

Amount of supplemental

opioid analgesic medication

Morphine or hydromorphone

administered via PCA/NCA

Pain intensity, assessed using

age-appropriate rating scales

For patients 2 to <6 years or

older children incapable of

communicating their pain:

Face, Legs, Activity, Cry, and

Consolability (FLACC25) scale

Observational scale from 0 to 10

with 0=no pain

For patients 6 to <12 years:

Faces Pain Scale-revised

(FPS-R26)

Self-reporting 6-point scale

Six faces with scores of 0, 2, 4, 6, 8,

10 where 0=no pain and 10=very

much pain

For patients 12 to <18 years:

Visual Analog Scale

Self-reporting 100 mm scale from

0=no pain to 100=worst imaginable

pain

Clinical Global Impression of

Change (CGIC27)

Investigator rating of patients’

overall improvement from 1=very

much improved to 7=very much

worse

Patient Global Impression of

Change (PGIC27)

Patients or parents/guardians rating

of overall change in patients’ health

status from 1=very much improved

to 7=very much worse

Palatability and acceptability of

trial medication

5-point faces scale28 from really

good/easy to really bad/really

difficult

Abbreviations: NCA, nurse-controlled analgesia; PCA, patient-controlled analgesia.
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Safety assessments additionally included physical

examination, clinical chemistry and hematology, 12-lead

ECG, vital signs, oxygen saturation by pulse oximetry, and

University of Michigan Sedation Scale scores. Suicidal

ideation/behavior was assessed in patients ≥6 years before

first trial medication administration and at the end of

treatment using the Columbia-Suicide Severity Rating

Scale.29

Statistical analysis
Sample size calculations were based on published single-

dose trials in postsurgical pediatric subjects where supple-

mental opioid was measured.30,31 The treatment difference

between tapentadol and placebo was assumed to be 0.2

mg/kg (SD 0.42 mg/kg) of supplemental opioid require-

ment within the first 24 hrs after first dose. Assuming a

two-sided significance level of 5%, a power of 80% and a

randomization ratio of 2:1 (tapentadol to placebo) resulted

in a sample size of 106 patients in the tapentadol group

and 53 patients in the placebo group.

All analyses were performed with SAS version 9.3 or

later (SAS Institute Inc., Cary, USA). All randomized

patients who received at least one dose of trial medication

were analyzed for safety (safety set [SAF]) and efficacy

(full analysis set, FAS).

The primary null hypothesis to be rejected was that the

tapentadol group would not be different from the placebo

group for the primary efficacy endpoint, i.e., children

treated with tapentadol would need the same amount of

supplemental opioid as those treated with placebo. The

alternative hypothesis was that children treated with tapen-

tadol would need less supplemental opioid compared to

placebo. The groups were compared for the primary end-

point using an analysis of variance (ANOVA) model, with

treatment, baseline age group, and the supplemental opioid

analgesic used (morphine vs hydromorphone) as factors.

The test for the primary efficacy analysis was 2-sided at a

0.05 level of significance. For patients discontinuing treat-

ment earlier than 24 hrs (because opioid analgesic medica-

tion was no longer needed or because they were switched

to exclusively oral opioid analgesic medication), the

observed supplemental opioid analgesic medication use

until their timepoint of discontinuation was used for ana-

lysis. For patients discontinuing treatment due to other

reasons, supplemental opioid analgesic medication usage

was linearly imputed from their time of discontinuation

until 24 hrs. To confirm the results, three sensitivity ana-

lyses were performed, one using the per-protocol

population which included all FAS patients without

major protocol deviations affecting the primary efficacy

parameter, and two multiple imputation methods for miss-

ing data, placebo mean imputation and treatment mean

imputation. An analysis of the primary endpoint was also

performed including the amount of opioid analgesia taken

prior to trial medication intake as a covariate into the

primary ANOVA model.

The treatment comparison for the secondary efficacy

endpoint “total amount of supplemental opioid analgesic

medication used within the first 12 h after first dose” used

the same ANOVA model employed for the primary end-

point. All other secondary endpoints were analyzed

descriptively. CGIC and PGIC responders were defined

as patients with at least “much improved” ratings at the

end of treatment.

AEs were encoded using the Medical Dictionary for

Regulatory Activities (MedDRA version 19.1). All TEAEs

were sorted by MedDRA System Organ Class and Preferred

Term and analyzed by age group (2 to <6 years, 6 to <12

years, 12 to <18 years) and overall for the trial population.

Results
Patients
A total of 165 patients were randomized to treatment

(Figure 2). Five patients did not receive any trial medica-

tion, the safety and FAS set thus consisted of 160 patients

(placebo n=52, tapentadol n=108). More than half (91/160

[56.9%]) completed 24 hrs of treatment (placebo 28/52

[53.9%], tapentadol 63/108 [58.3%]). These patients all

attended follow-up and completed the trial. Reasons for

discontinuation are shown in Figure 2. Five of 52 placebo

patients (9.6%) and 13 of 108 tapentadol patients (12%)

discontinued early because opioid analgesic medication

was no longer required, and 6/52 placebo patients

(11.5%) and 14/108 tapentadol patients (13%) discontin-

ued early because a switch to exclusively oral opioid

analgesic medication was indicated according to local

standard of care. Forty-six placebo and 94 tapentadol

patients were included in the per-protocol set.

The trial population was mostly white (131/160

[81.9%]); the proportion of male and female patients and

patients in the three age groups (2 to <6 years, 6 to <12

years, 12 to <18 years) were well matched between the

treatment arms (Table 2). Most patients (146/160 [91.3%])

had concomitant diseases, mainly congenital, familial and

genetic disorders (60/160 [37.5%]), musculoskeletal and
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Figure 2 Patient flow chart.

Notes: “Recovery” denotes that opioid analgesic medication is no longer required. “Physician decision” denotes the switch to exclusively oral opioid analgesic medication

indicated according to local standard of care. aAll patients treated with study medication were included in the full analysis set and the safety set. bAll patients attended the

follow-up visit and completed the trial.
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connective tissue disorders (38/160 [23.8%]), and gastro-

intestinal disorders (20/160 [12.5%]). These diseases

include the medical indication for the surgery which was

the prerequisite for this trial. Surgeries affected all body

systems with the exception of the brain. Distribution of

surgery types was comparable between the treatment arms.

Within a wide variety of surgery types, the most common

were spinal fusion surgery (22/160 [13.8%]), urethral

repair (14/160 [8.8%]), maxillofacial surgery (12/160

[7.5%]), and thoracic surgery (10/160 [6.3%]). Both treat-

ment groups received comparable amounts of morphine or

hydromorphone in the 24 hrs prior to first dose of trial

medication (Table 2). The most commonly used concomi-

tant medications were analgesics including supplemental

opioid analgesic medication (153/160 [95.6%]), antibac-

terial agents for systemic use (115/160 [71.9%]), blood

replacements and perfusion solutions (111/160 [69.4%]),

anti-inflammatory and antirheumatic products (67/160

[41.9%]), drugs for constipation (61/160 [38.1%]), all of

which are commonly used in a postsurgical setting.

Overall 29.4% (47/160) of the patients took medications

to treat emesis or nausea. There was no change in the

relative proportion of patients using these medications

prior or concomitantly in both treatment groups.

Although drugs for constipation were taken more often

prior to tapentadol OS, the concomitant use of these med-

ications was similar with placebo and tapentadol OS

treatment.

Treatment
Mean exposure to trial medication was comparable

between the groups with 28.3 hrs (SD 17.3) for placebo

and 28.9 hrs (SD 18.0) for tapentadol patients. Most

patients (placebo 43/52 [82.7%], tapentadol 86/108

[79.6%]) received at least five doses of trial medication

within the first 24 hrs.

Efficacy
Supplemental opioid analgesic medication was more often

controlled by the patient than by the nurse (97/160

[60.6%] vs 59/160 [36.9%], 4/160 [2.5%] missing) which

reflects the age distribution of the trial population and the

distribution between self-reported and observed pain

values. Morphine was more commonly used than hydro-

morphone (113/160 [70.6%] vs 46/160 [28.8%], 1/160

[0.6%] missing). The most commonly used nonopioid

within 24 hrs after first trial medication was paracetamol

as intravenous (17/52 [32.7%] placebo, 24/108 [22.2%]

tapentadol patients) or oral formulation (12/52 [23.1%]

and 19/108 [17.6%]).

Primary endpoint
Placebo patients received a higher amount of morphine

equivalents than tapentadol patients within the first 24 hrs

after first intake of trial medication (least squares [LS]

means 0.24 mg/kg [95% CI 0.17, 0.30] vs 0.14 mg/kg

[95% CI 0.09, 0.19]). The primary endpoint of the trial

was met: the estimated LS mean treatment difference of

−0.1 mg/kg (95% CI −0.18, −0.02) between the groups

was statistically significant (p=0.0154) and in favor of

tapentadol. The observed mean (SD) use of supplemental

opioid analgesic medication (morphine equivalents) was

0.25 (0.35) mg/kg bodyweight in the placebo group and

0.16 (0.20) mg/kg in the tapentadol OS group. This pri-

mary endpoint result was supported by all three sensitivity

analyses (Figure 3). The difference was also significantly

in favor of tapentadol when the amount of opioid

Table 2 Demographic Data And Baseline Characteristics

Placebo

N=52

Tapentadol

N=108

Overall

N=160

Sex

Female 23 (44.2%) 53 (49.1%) 76 (47.5%)

Male 29 (55.8%) 55 (50.9%) 84 (52.5%)

Age group

2 to <6 years 12 (23.1%) 23 (21.3%) 35 (21.9%)

6 to <12 years 15 (28.8%) 32 (29.6%) 47 (29.4%)

12 to <18 years 25 (48.1%) 53 (49.1%) 78 (48.8%)

Body mass index

(kg/m2)

19.1±3.8 18.8±4.1 18.9±4.0

Duration of

surgery (min)

203.9±155.8 186.0±110.5 191.9±126.8

Background

infusiona
15 (28.8%) 39 (36.1%) 54 (33.8%)

Intake of morphine

or hydromorphone

in the 24 hrs prior

to trial medication

(mg/kgb)

0.45±0.7 0.59±1.2 0.55±1.1

Time between end

of surgery and first

dose of trial

medication (min)

795.9±553 1018.9±1483.8 946.5±1261.3

Notes: Data are mean±standard deviation or number of patients (%). aMorphine or

hydromorphone; bmorphine equivalents.
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analgesics taken prior to trial medication was included as a

covariate in an analysis of covariance (ANCOVA) model

with the same factors as the primary ANOVA model

(p=0.0117).

Secondary endpoints
Treatment comparison for the total amount of supplemental

opioid analgesic medication used within the first 12 hrs after

first dose was 0.13 (95% CI 0.09, 0.17) for placebo and 0.08

(95%CI 0.05, 0.11) for tapentadol, also in favor of tapentadol

with an estimated LS mean difference of −0.05 (95% CI

−0.09, −0.0), p=0.0404. The mean amount of supplemental

opioid analgesic medication used decreased over the treat-

ment period from 24 to 96 hrs; it was still (numerically)

smaller under tapentadol treatment up to 36 hrs (0.08 mg/

kg [SD 0.09] vs 0.14 mg/kg [SD 0.21] for placebo) but was

comparable between the treatments thereafter.

Mean pain intensity was documented prior to intake of

each trial medication; Figure 4 shows the pain values for the

first eight measurements. As expected in a postsurgical set-

ting, all patients experienced some degree of pain. All had

access to supplemental opioid analgesic medication and were

also allowed nonopioids such as paracetamol; pain values

over time thus did not differ notably between the placebo and

tapentadol group, irrespective of the pain scale used.

The majority of patients found the taste of tapentadol

OS acceptable and had no difficulties swallowing the

medication. At the end of treatment, 71/108 (65.7%)

patients rated the taste of tapentadol OS as neutral (“a bit

bad/a bit good”) or better, and 82/108 (75.9%) found

swallowing “easy” or “really easy” (Figure 5). One pla-

cebo patient (1/52 [1.9%]) and four of 108 (3.7%) patients

in the tapentadol group discontinued treatment because

they did not like the taste of the trial medication.

Figure 6 shows CGIC and PGIC ratings at the end of

double-blind treatment. There were no differences

between placebo and tapentadol in the proportion of

patients considered CGIC and PGIC responders: clini-

cians rated 34/52 (65.4%) placebo patients and 73/108

(67.6%) tapentadol patients “much” or “very much

improved”. Patients (or parents/guardians) also consid-

ered their condition at least much improved in 34/52

Figure 3 Least squares mean difference (95% CI) between the trial medications for

the amount of supplemental opioid analgesic medication used within the first 24 hrs

after intake of first trial medication.

Abbreviation: LSMD, least squares mean difference.

Figure 4 Mean pain intensity (±95% confidence interval) prior to each intake of

trial medication (first seven intakes). (A) Face, Legs, Activity, Cry, and Consolability

scale; (B) Faces Pain Scale-revised; (C) Visual Analog Scale.

Note: aAssessment was performed 30–60 mins after first intake of trial medication.

Abbreviations: FLACC, Face, Legs, Activity, Cry, and Consolability; FPS-R, Faces

Pain Scale-revised; VAS, Visual Analog Scale.
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(65.4%) cases; the proportion was similar in the tapenta-

dol group (69/108 [63.9%]).

Four of 52 placebo patients (7.7%) and four of 108

tapentadol patients (3.7%) discontinued treatment due to

lack of efficacy.

Tolerability and safety
Table 3 shows the TEAE profile of the trial population.

Half (26/52 [50%]) of all placebo and 62/108 (57.4%)

tapentadol patients reported overall 207 TEAEs.

Incidences were higher in patients 12 to <18 years than

in the two younger age groups. However, the number of

patients available for age group specific analyses was

lower in the 2 younger age groups which needs to be

considered when looking at the differences in the observed

TEAE rates by age group. The most common TEAEs were

vomiting, nausea, and constipation in both treatment

groups. Pyrexia was documented for 10/108 patients in

the tapentadol group (9.3%) compared to 1/52 placebo

patients (1.9%), mostly in the older age group (n=7);

none were considered by the investigator to be related to

treatment. The majority of TEAEs (138/207 [66.7%])

started within 24 hrs after first dose of trial medication.

Nearly all (205/207 [99%]) were mild or moderate in

intensity; two severe TEAEs occurred under tapentadol

(abdominal distension which was unlikely and headache

which was probably/likely related to the trial medication

according to the investigator’s assessment; both led to

discontinuation of trial medication). Two of 108 tapentadol

patients (1.9%) experienced serious adverse events, both

considered unlikely related to the trial medication by the

investigator: one male adolescent with a history of Crohn’s

disease had an abdominal abscess of moderate intensity,

one male child in the 6 to <12 years age group experienced

a seizure of moderate intensity, likely due to hyponatremia

secondary to cerebral salt wasting in the investigator’s

judgment. Forty of all 160 patients experienced TEAEs

related to the trial medication, most of those known

adverse reactions to tapentadol: 11/52 (21.2%) patients in

the placebo and 29/108 (26.9%) patients in the tapentadol

group. Treatment was discontinued due to a TEAE in 12/

160 patients (7.5%) overall; 2/52 patients (3.8%) under

placebo and 10/108 patients (9.3%) under tapentadol treat-

ment. Nine of these patients were in the 12 to <18 years

age group. There was no difference in the time to treat-

ment discontinuation due to a TEAE between the treat-

ment arms in the first 24 hrs of treatment.

Clinical chemistry and hematology values were mostly

similar at baseline and end of treatment in both treatment

arms. Most of the laboratory findings were attributed by

the investigators to the surgery and postsurgical recovery.

There were no clinically relevant changes in ECG, pulse

rate, or blood pressure. Low respiratory rates occurred

more often in tapentadol patients (27/108 [25%] vs 9/52

[17.3%] for placebo) at the end of treatment. However, in

both treatment arms the mean respiratory rates at the end

of treatment were similar to those at baseline (tapentadol:

19.3 vs 19.5 breaths per minute [bpm]; placebo: 21.5 vs

19.9 bpm). The same was true for mean oxygen saturation

values (tapentadol: 97.9 vs 98.0%; placebo: 98.1 vs

98.1%). Oxygen saturation decrease, hypoxia, or PO2

decrease were reported as TEAEs in one placebo and

seven tapentadol patients. Most of the events were mild,

Figure 5 Palatability (taste) and acceptance (swallowing) of the trial medication

after first and last doses (full analysis set).

Figure 6 Clinical Global Impression of Change and Patient Global Impression of

Change after completion of double-blind treatment (full analysis set).

Note: All patients above the dashed line reported improvement.

Abbreviations: CGIC, Clinical Global Impression of Change; PGIC, Patient Global

Impression of Change.
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not or unlikely related to the trial medication and resolved

quickly. Furthermore, confounding factors were identified

for most of the events. Only two TEAEs of hypoxia were

considered possibly related to tapentadol (one with mild,

one with moderate intensity). The first event occurred in a

patient who underwent a mitral valve replacement; the rate

of oxygen flow to the patient was increased from 1 L/min

to 2 L/min and the amount of supplemental opioid analge-

sic medication per NCA/PCA push was decreased from

0.1 mg to 0.08 mg. The second event occurred in a patient

who underwent thoracic surgery for pectus carinatum; the

patient was placed on incentive spirometry. There were no

cases of suicidal ideation or behavior at the end of treat-

ment. Sedation of moderate intensity was reported as a

TEAE for two patients and was considered possibly

related to tapentadol in both cases. One of these patients

was discontinued from tapentadol; for both patients, recov-

ery was reported. Slightly more tapentadol patients were

moderately or deeply sedated but all could be aroused.

Most patients were awake and alert or minimally sedated

before the next administration of trial medication.

Discussion
This clinical trial was designed to determine the efficacy

and safety/tolerability of multiple doses of tapentadol OS

(1.25 mg/kg) in the treatment of moderate to severe acute

pain in children and adolescents aged 2 to <18 years using

postsurgical pain as a model.

Pediatric trials should aim to provide maximum infor-

mation using a minimum number of patients; efficacy

trials, however, need adequate power to determine efficacy

and sufficient patient numbers to provide a robust safety

database.1 Achieving an adequate sample size can be dif-

ficult. Nearly one-fifth (19%) of all randomized clinical

pediatric trials registered on the ClinicalTrials.org website

between 2008 and 2010 were discontinued early with poor

recruitment and trial conduct problems being the main

issues.32 To that end, we aimed at accommodating the

requirements of trial sites and their preferred surgical

interventions and local postsurgical standards of care as

much as possible. Surgical procedures were not to affect

the absorption or safety profile of tapentadol but had to

require opioid pain therapy over a sufficient time interval

in order to measure the primary endpoint of the trial.

Inclusion/exclusion criteria were set flexible enough to

include a variety of surgeries, thereby allowing recruit-

ment of all targeted age groups. Further operational chal-

lenges concerned the multiple dosing regimen and theT
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duration of treatment. Dosing intervals had to be suffi-

ciently flexible to avoid interference with sleep but at the

same time had to be strict enough to allow for sufficient

exposure to tapentadol. This was achieved by extending

the normal 4-hr dosing interval to a maximum of 6 hrs in

case a patient was asleep. The time frame for measuring

the primary efficacy endpoint (i.e., the minimum treatment

duration to consider a patient as a treatment completer)

was chosen as short as possible to take into account the

reduced need for analgesia over time. At the same time,

the protocol allowed for prolonged treatment in case

further treatment was considered beneficial by the physi-

cian. This flexibility reaped the advantage of obtaining

further valuable safety and efficacy data, thereby achieving

the objectives of this trial.

Tapentadol was more efficacious (statistically signifi-

cant) than placebo as shown by the comparison of the

amount of supplemental opioid analgesic medication

used within the first 24 hrs after first dose of trial medica-

tion between tapentadol and placebo. The result was con-

firmed by sensitivity analyses and supported by the

secondary efficacy analyses. The majority of the children

had no difficulty swallowing tapentadol OS; palatability

and acceptability of the medication were considered suffi-

cient to ensure intake compliance for all age groups

investigated.

The patient population recruited for this trial reflects

the general pediatric population in the postsurgical setting

covering a wide age range from 2 to <18 years, a wide

variety of surgeries, and different modes of supplemental

opioid analgesic medication administration (i.e., PCA and

NCA) and thus permits concluding the efficacy and safety

of tapentadol across a wide range of postsurgical pain

conditions. The comparable PGIC and CGIC responder

results for tapentadol and placebo patients indicate that

treatments (placebo/tapentadol plus supplemental analge-

sia) were assessed as equally beneficial and that the chosen

trial design proved ethical and adequate to investigate the

efficacy of tapentadol in this pediatric population. Owing

to the trial design, allowing for immediate use of rescue

pain medication, all patients had constant access to supple-

mental opioid analgesic medication. The use of other non-

opioid analgesics was also permitted in accordance with

local standard of care. Therefore, pain values were not

expected to differ between the treatment groups over

time. Efficacy was thus established by comparing the

amount of supplemental opioid analgesic medication

used in the tapentadol arm with that used in the placebo

arm (opioid sparing).

The clinical relevance of the efficacy results in this trial

is challenging to assess given that the efficacy endpoints

deviate from those more commonly used. The effect of

tapentadol OS on supplemental opioid use (treatment

group difference of 0.1 mg/kg body weight of morphine

equivalents in 24 hrs comparing placebo to tapentadol) is

less pronounced than published for other nonopioid com-

pounds tested using the same design.30,31 In contrast to

these trials where supplemental opioid analgesic medica-

tion was administered solely using PCA and the focus was

on postsurgical pain following pectus correction surgery in

10–15-year-old patients30 and spinal fusion surgery in 9–

18-year-old patients,31 the present trial included a broader

age range (2 to <18 years), a wide variety of different

surgery types, and administration of supplemental opioid

analgesic medication by PCA or NCA. This may explain

the observed difference between initial assumptions and

trial outcome.

In adult chronic pain trials, reductions in pain intensi-

ties ≥30% and ≥50% are considered to reflect at least

moderate clinically important changes and substantial

improvements, respectively.33 In analogy, a reduction of

30–50% in the use of supplemental opioid analgesic med-

ication (primary efficacy endpoint) might be considered to

be clinically relevant. The LS mean treatment difference

between placebo and tapentadol OS was 0.1 mg/kg body

weight, i.e., a 41.7% lower supplemental opioid analgesic

medication use in the tapentadol group, thus may be con-

sidered a clinically meaningful change. Following treat-

ment with trial medication supplemental opioid analgesic

medication use decreased by 44% under placebo compared

to 72% under tapentadol. This reduction is considerably

more pronounced (28% difference) in the tapentadol arm

supporting clinical relevance of the observed treatment

difference. Furthermore, the combined mean total amount

of supplemental opioid analgesic medication was 0.55 mg/

kg morphine equivalents during the 24 hrs before treat-

ment initiation. Based on this number also from the per-

spective of the total amount of supplemental opioid

analgesic medication “saved” in the tapentadol group,

i.e., 0.1 mg/kg body weight, a clinically relevant change

may be concluded.

The tolerability profile of tapentadol OS was as

expected for a centrally acting analgesic in the postsurgical

setting. The observed TEAEs were generally in line with

the known safety profile of tapentadol. This trial thus adds
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to the body of evidence of safety and tolerability observed

in adult patients. Incidences of TEAEs were higher for the

group of adolescents (12 to <18 years) than for younger

patients which might be due to the fact that older children

are generally better able to verbally express the occurrence

of side effects. In addition, the higher amount of supple-

mental opioid analgesic medication used in the older group

might have had an impact. The most frequent AEs vomit-

ing (23.1% vs 11.5% for placebo) and nausea (14.8% vs

7.7%) occurred more often with tapentadol. The fact that

the majority of tapentadol patients received two medica-

tions with an opioid mechanism of action (tapentadol and

morphine/hydromorphone) could be a likely explanation

for this observation.

The incidence of pyrexia was higher with tapentadol

(9.3% vs 1.9% of patients). Pyrexia is not a known AE of

tapentadol treatment, and none of the events were consid-

ered by the investigator to be related to tapentadol.

Confounding factors which might explain the higher inci-

dence compared to placebo included inflammation reac-

tions due to surgery or an orthopedic implant, pre-existing

fever, perisplenitis, skin inflammation, or fever due to

blood transfusions. It should be noted that the tolerability

profile might have been influenced by the postsurgical

state and administration of morphine/hydromorphone as

supplemental analgesia.

Respiratory depression is a known complication of opioid

administration.34 Under tapentadol, only a few incidences

suggestive of respiratory depression have been documented

in adult trials in the postsurgical setting.14 In the present trial,

patients were in the postsurgical state and were receiving

multiple medications including morphine/hydromorphone in

addition to the trial medication. Consequently, AEs due to the

underlying condition and opioid treatment were expected, so

vital signs, sedation scores, and oxygen saturation were care-

fully monitored throughout the trial. Respiratory depression

was not documented as an AE. The incidence of AEs sug-

gestive of respiratory depression under tapentadol was low;

of the seven cases, only mild and moderate hypoxia were

considered possibly related in two tapentadol patients who

were at higher baseline risk due to the type of surgery

performed. There was no relevant difference to placebo in

mean oxygen saturation or respiratory rate. The majority of

the patients were awake and alert or minimally sedated

before the next administration of trial medication. Patients

who were moderately or deeply sedated could all be aroused.

Overall, these findings indicate that multiple doses of tapen-

tadol OS were generally well tolerated in this pediatric

population and that no higher susceptibility to gastrointest-

inal or CNS reactions are expected compared to adults.

Based on data obtained from the complete pediatric

development program, tapentadol OS was recently approved

in the EU in 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. As pediatric clinical

investigations have so far only been carried out in the hospi-

tal setting, the currently labelled use is restricted to the

hospital setting where appropriate equipment to enable

respiratory support is available. The recommended approved

single dose of tapentadol OS is 1.25 mg/kg body weight

every 4 hrs; duration of treatment should not exceed 3 days

as data for longer treatment periods are not yet available.35

Conclusions
The data from this trial confirm that tapentadol OS can be

effectively used in children (2 years and older) for the

treatment of moderate to severe acute pain. Tapentadol OS

was generally well tolerated and no new adverse drug

reaction or changed severity of a known adverse reaction

was identified compared to the tapentadol safety profile in

adults. It further supports the positive benefit–risk ratio of

tapentadol for all age groups from 2-year-old children and

adults. The palatability and acceptability of the medication

was considered sufficient to ensure intake compliance in all

age groups. This trial provides robust clinical trial evidence

that tapentadol OS can be effectively used to treat moderate

to severe acute pain in children, in contrast to other analge-

sics for which use is based on empirical evidence and

clinical experience. It also provides an alternative treatment

in older pediatric populations for whom approved drugs are

not suitable either due to the administrative route, e.g., PCA

or efficacy and/or tolerability issues.
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