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Purpose: Investigation of the efficacy and safety of tapentadol prolonged release (PR) 
compared with morphine PR for long-term treatment of pain in children.
Patients and Methods: Children aged 6 to <18 years requiring long-term treatment with 
opioids were studied in a 12-month, 2-part, multi-center trial: Part 1, 14-day open-label, 
randomized, active-controlled, parallel group non-inferiority trial comparing twice daily 
tapentadol PR with morphine PR; Part 2, open-label treatment with tapentadol PR for up 
to 12 months or no treatment “safety observation period”. Pain intensity was rated with 
visual analogue scale or Faces Pain Scale-Revised, and non-inferiority was assessed by 
comparison of “treatment responders” (those completing the 14-day treatment period and 
showing pre-defined changes in pain rating) in each group.
Results: Twenty-three of 48 centers enrolled 73 patients. In Part 1, 45 and 24 patients 
received tapentadol or morphine, respectively, of which 40 and 22 completed 14-day 
treatment. In Part 2, thirty-six and 58 patients entered the tapentadol PR or observation 
periods, respectively, with 20/36 completing at least 12 weeks of treatment; 10 of the 
36 had received morphine in Part 1. Forty-four of the 58 patients in the safety 
observation period had received tapentadol. Tapentadol PR was non-inferior to mor-
phine PR (lower limit of confidence interval above negative non-inferiority margin of 
−0.2) in Part 1. Rates of adverse events were as expected with nausea (22.2%) and 
constipation (15.6%) in the tapentadol PR group, and with vomiting (33.3%), nausea 
and constipation (each 16.7%) in the morphine PR group. No new safety issues were 
identified; the safety profile of tapentadol over the 12 months treatment and observation 
periods was comparable to that established in subjects >18 years old.
Conclusion: Tapentadol PR was well tolerated and equivalent to morphine PR for both 
efficacy and safety in children (6 to <18 years old) requiring long-term treatment with 
opioids.
Keywords: tapentadol, analgesic, prolonged-release, pain, child, adolescent

Plain Language Summary
Tapentadol PR, a strong, long-acting, pain-relieving medicine with an opioid and a non- 
opioid component was compared to long-acting morphine in a group of 69 children who 
needed pain relief for at least 2 weeks. Tapentadol was found to be similar to morphine in its 
ability to reduce pain.

Some children continued to take tapentadol for up to 12 months with no change in its 
effectiveness. Both tapentadol and morphine caused side effects, but they were all as 
expected for these types of pain treatment medications. Within the limits of the trial, 
tapentadol was no less safe in children than it is currently known to be in adults.
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Introduction
Tapentadol is an opioid analgesic with two synergistic 
mechanisms of action (μ-opioid receptor agonism [MOR] 
and noradrenaline reuptake inhibition [NRI])1 which pro-
vide a strong analgesic effect; the contribution of the NRI 
also allows for an overall reduced µ-load and thus 
a potentially lower incidence of opioid-related adverse 
effects compared to pure opioids.2 In addition, tapentadol 
has a favorable pharmacokinetic (PK) profile,3,4 and effi-
cacy and good tolerability have been shown in the treat-
ment of a range of acute and chronic pain conditions in 
adults.5,6 Trial data of up to 2 years of treatment in adults 
has demonstrated the maintenance of efficacy and good 
long-term safety of a prolonged release (PR) formulation 
of tapentadol.7

Tapentadol is the subject of a pediatric clinical devel-
opment program for use in children and adolescents with 
both acute and chronic pain. Studies of single and multiple 
doses for the treatment of acute pain requiring opioid 
treatment in children 2 to <18 years of age have supported 
registration of tapentadol oral solution in children in the 
European Union.8–10 The trial presented here investigated 
the efficacy and safety of the PR formulation of tapentadol 
for long-term treatment of pain in children and adolescents 
(6 to <18 years).

Patients and Methods
Trial Design
A 2-part, open-label, multi-center, Phase II/III trial in 
children aged 6 to <18 years to assess the safety and 
efficacy of tapentadol PR compared with morphine PR 
for the treatment of pain of expected duration longer 
than 14 days. The trial consisted of a screening phase 
(≤14 days), followed sequentially by: Part 1; a 14-day 
open-label, randomized, active-controlled, parallel group 
trial comparing efficacy and safety of tapentadol PR with 
morphine PR, leading to: Part 2, an open-label period 
lasting for up to 12 months of either tapentadol treatment, 
the “tapentadol period”, or a no treatment “safety observa-
tion period”. Patients who were randomized to receive 
morphine PR in Part 1 could enter the tapentadol treatment 
period or the observation period of Part 2. In Part 1 
patients completed weekly visits and an electronic diary 
recording twice daily assessment of pain intensity and 
their use of rescue analgesia.

In the tapentadol period of Part 2 patients completed 
monthly visits that included recording pain intensity and 

use of tapentadol PR. Safety laboratory assessments 
(hematology, clinical chemistry, and urinalysis) were 
every 3 months. In the observation period of Part 2 
patients completed visits every 3 months, with the option 
of completing interim visits at 3, 6 and 9 months by 
telephone. Adverse events were recorded throughout the 
trial.

The trial was planned and initiated at 48 trial sites 
(hospitals and research institutes) in 9 European countries 
and Chile; the Supplementary Material lists the ethic com-
mittees of all sites which enrolled subjects. The trial was 
conducted in accordance with the Declaration of Helsinki, 
Good Clinical Practice, and applicable local laws and 
regulations. Written informed consent was obtained from 
all parents/legal guardians, or participants if applicable. 
The trial is registered with ClinicalTrials.gov (identifier 
NCT02151682) and EudraCT (no. 2012–004360-22).

Participants
Male and female patients 6 to <18 years of age with 
a bodyweight of ≥17.5 kg presenting with a painful con-
dition or procedure that was expected to require treatment 
with strong opioids for at least 14 days were eligible to 
enter the trial. Patients had to be able to swallow tablets of 
appropriate size and willing to comply with trial proce-
dures. For patients previously taking opioids the last cal-
culated morphine equivalent dose had to be <3.5 mg/kg 
bodyweight per day; there was no opioid wash-out phase 
before entering the trial.

The principal exclusion criteria were: history or current 
significant central nervous system (CNS) disorder, moder-
ate to severe renal or hepatic impairment, abnormal pul-
monary function or clinically relevant respiratory disease, 
planned surgery expected to require management in inten-
sive care during the 14-day treatment period, or a pain 
indication that was considered unlikely to require or 
respond to opioids.

Randomization and Treatment
Eligible patients were randomly allocated (2:1) to either 
tapentadol PR or morphine PR using an interactive voice/ 
web response system. Randomization followed computer- 
generated randomization lists balanced by blocks of treat-
ments and stratified by age groups (6 to <12 years, 12 to 
<18 years) and cancer or non-cancer-related pain. Trial 
medication was administered twice daily with a dosing 
interval of approximately 12 h. Patients who completed 
the 14-day treatment with either tapentadol PR or 
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morphine PR and who, in the opinion of the investigator, 
still required continued treatment with strong analgesics 
were offered entry to the open-label tapentadol period of 
Part 2.

Tapentadol and Morphine Dosage
Tapentadol PR was available as 25 mg and 100 mg 
tablets, morphine PR as 10 mg and 30 mg tablets. 
Starting doses were calculated according to the patients’ 
weight and titrated to clinically assessed therapeutic 
effect within a pre-defined range. Tapentadol PR dosage 
was based on a population PK model (data on file) which 
integrated data from adult tapentadol PR trials and from 
pediatric tapentadol oral solution trials. Simulations were 
performed to identify tapentadol PR doses that would 
produce steady state exposures in pediatric patients simi-
lar to those reported in adults. The approved adult ther-
apeutic dose range (tapentadol PR 50 to 250 mg b.i.d.) 
was used for comparison.11 The simulations indicated 
that exposures to 1.25–1.5 mg/kg tapentadol PR body-
weight twice daily in children aged 6 to <18 years were 
in the range of exposures to tapentadol PR 50 mg and 
100 mg b.i.d. in adults. Based on this, a starting dose of 
approx. 1.25–1.5 mg/kg every 12 h with a maximum 
dose of approx. 4.5 mg/kg every 12 h was chosen. 
Morphine PR dose selection was based on the above 
tapentadol PR dose simulation with the conversion factor 
(1:2.5). Patients with previous opioid treatment com-
menced at ≤70% of the equianalgesic dose of the pre-
vious treatment. Dose was increased at the investigator’s 
discretion, but not less than 2 days following a previous 
dose increase. Dose reduction was permitted at any time.

Patients taking tapentadol PR during Part 1 entered 
Part 2 taking the same dose as the last dose they received 
during Part 1. Patients taking morphine PR in Part 1 who 
chose to switch to the tapentadol period at Part 2, started 
Part 2 at ≤70% of the current morphine equivalent dose 
but using at least the minimum dose stipulated for their 
bodyweight.

Rescue Medication
In Part 1, morphine oral solution was available as rescue. 
The permitted dose per intake was 1/6 of the total daily 
dose of the scheduled trial medication intake. In Part 2, 
patients in the tapentadol period could take immediate 
release strong analgesics as rescue medication if needed.

Assessment of Efficacy
Efficacy was measured by self-reported change in pain 
intensity as determined using the visual analogue scale 
(VAS) and Faces Pain Scale-Revised (FPS-R)12. The 
VAS is a self-reporting 100 mm scale from 0=no pain 
to 100=worst imaginable pain, the FPS-R a self-reporting 
6-point scale showing six faces with scores of 0, 2, 4, 6, 
8, 10 (where 0=no pain and 10=very much pain). 
Baseline pain intensity, “pain right now”, was defined at 
the treatment allocation visit. Pain intensity was then 
rated twice daily during the treatment period immediately 
before the intake of trial medication using first VAS 
followed by the FPS-R. Patients used an electronic 
diary to record pain intensity and trial and any rescue 
medication dose in Part 1 of the trial. The primary effi-
cacy endpoint was a binary variable “responder”; for 
definition see the section on statistics.

Assessment of Safety
Adverse events (AEs) were monitored throughout the trial. 
The assessment of both treatment-emergent adverse events 
(TEAE) and treatment-related TEAEs was a secondary 
endpoint of both randomized and extension periods; post- 
treatment AEs were recorded in the safety observation 
period. Safety measures included vital signs, physical 
examination, hematology and clinical chemistry; 12-lead- 
ECGs were performed at enrolment and end of rando-
mized treatment.

Other Endpoints
Palatability and acceptability of the trial medication was 
assessed using a 5-point faces scale13 ranging from really 
good/really easy to really bad/really difficult, for both taste 
and ease of swallowing at the end of Part 1. Constipation 
was assessed at each weekly visit during Part 1, and at the 
end of the tapentadol and observation periods using the 
modified constipation assessment scale (mCAS,14 range 
0–16, where 16 = worst possible constipation). Opioid 
withdrawal symptoms were assessed following the final 
dose of medication during both the Part 1 and the tapenta-
dol period of Part 2 using the first 15 questions of the 
subjective opiate withdrawal assessment scale15 (range 
0–60, where 60 = extreme withdrawal symptoms). Time 
to discontinuation of trial medication for both Part 1 
(tapentadol and morphine) and tapentadol period was 
also recorded.
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Statistical Analysis
The sample size estimate (SSE) was based on the rejection 
of the null hypothesis of inferiority of tapentadol PR to 
morphine PR with regard to the number of primary end-
point “treatment responders” who were defined by the 
following criteria:

● Completion of the 14-day treatment period
● Achievement of one of the following treatment goals 

during the last 3 days of treatment: either
○ An average pain intensity of <50 on the VAS for 

patients 12 to <18 years, or <5 on the FPS-R for 
patients 6 to <12 years, or

○ An average pain reduction from baseline of ≥20 on 
the VAS for patients 12 to <18 years, or ≥2 on the 
FPS-R for patients 6 to <12 years.

Based on previous trials and extrapolation to the current 
trial population, the proportion of responders in both treat-
ment arms was estimated as 80%. Assuming a one-sided 
significance level of alpha=0.1, a power of at least 80% 
and a randomization ratio of 2:1 (tapentadol to morphine), 
a sample size of 69 subjects was required to show non- 
inferiority of tapentadol PR to morphine PR by a 20% 
non-inferiority margin. A one-sided alpha of 0.1was con-
sidered appropriate based on an approach using prior 
knowledge and the concept of extrapolation from a larger 
population to a small target population (ie, pediatric popu-
lation) to reduce the burden of evidence in pediatrics by 
relaxing the Type I error, while controlling a certain pos-
terior belief, ie, confidence after successful pediatric trials, 
in effectiveness of the drug in children.16

All analyses were performed with SAS version 9.4 
(SAS Institute Inc., Cary, USA). All randomized 
patients who received at least one dose of trial medica-
tion were included in the primary efficacy analysis (full 
analysis set, FAS). The primary efficacy endpoint was 
summarized by treatment group. The standard maximum 
likelihood (ML) estimators for the proportion of subjects 
classified as responders in each treatment group were 
the estimated proportions adjusted for the baseline pain 
intensity, age group, and underlying pain condition. To 
obtain these estimators, a logistic regression model was 
fitted to the response using the baseline pain intensity, 
age group, treatment, and underlying pain condition as 
explanatory variables. The Farrington-Manning test was 
applied to the derived ML estimates, and a 2-sided 80% 

Farrington-Manning confidence interval (CI) of the dif-
ference in proportion between the two treatments was 
calculated.17 Non-inferiority of tapentadol compared 
with morphine was established if the lower limit of 
this 80% CI was above the negative non-inferiority 
margin –δ=−0.2. The primary efficacy endpoint 
“response” was derived based on missing pain assess-
ments during the last 3 days of the treatment period 
imputed using multiple imputation (200 imputations). 
The logistic regression model and Farrington-Manning 
methodology were applied to each individual imputa-
tion, and the analysis results of the individual imputa-
tions were combined. To assess the robustness of these 
results, several sensitivity analyses were performed 
using: a Bayesian analysis, the per protocol set (PPS, 
ie, all FAS patients without major protocol deviations 
affecting the primary endpoint), the two pain scales 
independently for responder definition for the total 
population, no imputation of missing pain assessments 
during the last 3 days, a different completer definition 
(considering patients who discontinued treatment early 
because of no further need for it, as responder), baseline 
pain intensity not included as adjustment factor, pooled 
trial medication dose level added as adjustment factor, 
and exclusion of complex regional pain syndrome 
(CRPS) patients. All other endpoints were analyzed 
descriptively. The intake of rescue medication was cal-
culated excluding one value resulting from a broken 
bottle (modified analysis).

All patients receiving at least one dose of trial medica-
tion were included in safety analyses. Underlying clinical 
diagnoses and concomitant diseases were encoded using 
the Medical Dictionary for Regulatory Activities 
(MedDRA version 17.1), adverse events were encoded 
using MedDRA version 20.1. Principal pain mechanism 
was estimated by the recruiting investigator as nociceptive, 
neuropathic or mixed.

Results
Patients: Trial Disposition and Baseline 
Characteristics
The trial was conducted between April 2015 (first sub-
ject in) and October 2018 (last subject out). Twenty- 
three of the 48 centers enrolled 73 subjects to the trial: 
three patients were not eligible or withdrew, and so 70 
patients were randomized for treatment (Figure 1A). One 
patient did not receive trial medication and therefore 69 
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patients were included with 45 assigned to receive tapen-
tadol PR, and 24 to receive morphine PR. Baseline 
characteristics, as well as pain type and intensity, under-
lying clinical diagnoses/reasons for pain were well 
matched between the treatment arms (Tables 1 and 2). 
Three children with a diagnosis of CRPS were recruited 
into the tapentadol arm of the trial before a protocol 
amendment made this an exclusion criterion on the 
basis that this condition was unlikely to respond to 
opioid treatment. These children were included in the 
main analysis but excluded in the relevant sensitivity 
analysis.

In Part 1, 40 patients completed randomized treatment 
with tapentadol PR (88.9%), and 22 patients (91.7%) with 
morphine PR, the reasons for discontinuation are given in 
Figure 1A; none of the patients discontinued due to lack of 
efficacy. Median time to discontinuation of trial medica-
tion was 4 days for tapentadol (n=5) and 11 days for 
morphine (n=2). Mean exposure to trial medication was 
comparable between the groups with 13.8 days (SD 3.2) 
for tapentadol PR and 14.5 days (SD 1.4) for morphine PR 

patients. Mean daily doses over the 14-day treatment per-
iod were 3.0 (SD 0.7) mg/kg tapentadol PR and 1.0 (SD 
0.3) mg/kg morphine PR.

In Part 2, thirty-six patients entered the tapentadol 
treatment period, 26 from the tapentadol PR and 10 from 
the morphine PR treatment arms of Part 1 (Figure 1B). 
Baseline characteristics and underlying diagnosis/reasons 
for pain are described in Tables 1 and 2, respectively. 
Twenty of the patients entering the tapentadol extension 
period (55.6%) completed 3 months of tapentadol PR 
treatment, nine patients (25%) completed a year of treat-
ment. “Treatment no longer required” was the main reason 
for treatment discontinuation (n=13). Patients received 
tapentadol PR on average for 175.8 days (SD 139.4) 
with an overall mean daily dose of 3.5 mg/kg (SD 1.7).

The observation period in Part 2 was completed by 47 
of the 58 patients who entered (Figure 1C).

Efficacy
In Part 1, mean pain intensity was comparable in both treat-
ment arms at baseline (Table 1) and decreased at a similar rate 

Figure 1 Patient flow chart. (A) Randomized treatment phase, (B) tapentadol extension phase, (C) safety observation.
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during the randomized period irrespective of pain scale used. 
Mean change from baseline at day 14 was −19.0 (SD 40.9) for 
tapentadol PR and −24.6 (SD 42.8) for morphine PR on the 
VAS and −2.0 (SD 4.1) and −2.1 (SD 3.7), respectively, on the 
FPS-R (“as observed” data; tapentadol n=23, morphine n=15). 
Baseline scores were higher for the younger age group, with 
higher mean changes in pain intensity at the last six assess-
ments before final administration of trial medication compared 
to the adolescent group (Figure 2).

A total of 71% of tapentadol PR and 79.2% of mor-
phine PR patients met the criteria for the primary endpoint 
“treatment responders”: ML estimates (80% CI) were 0.76 
(0.64, 0.85) and 0.83 (0.69, 0.91), respectively. The differ-
ence between the groups was −0.06 (−0.19, 0.06; 
p=0.079); the lower CI bound was thus above the negative 

non-inferiority margin of −0.2 demonstrating non- 
inferiority of tapentadol PR treatment to morphine PR 
treatment. When the 3 CRPS patients were excluded, 
a difference of −0.02 (−0.15, 0.1; p=0.0332) was observed. 
The primary endpoint result was supported by the majority 
of sensitivity analyses (Figure 3).

Forty percent of tapentadol PR patients and 25% of 
morphine PR patients received rescue medication. Time to 
first intake in the tapentadol group was a mean 74.6 h (SD 
94.5) and a median 29.3 h (Q1 16.4, Q3 135.1). For the 
morphine group, a mean time of 39.7 h (SD 63.8) with 
a median of 15 h (Q1 11.1, Q3 18.1) was documented. The 
modified average daily dose of rescue medication was 
0.11 mg/kg (SD 0.2) for tapentadol patients, 0.08 mg/kg 
(SD 0.2) for morphine patients.

Table 1 Baseline Characteristics

Randomized Treatment Extension Phase

Tapentadol PR (n=45) Morphine PR (n=24) Tapentadol PR (n=36)

Sex

Female 22 (48.9%) 10 (41.7%) 23 (63.9%)
Male 23 (51.1%) 14 (58.3%) 13 (36.1%)

Age groups
6 to <12 years 12 (26.7%) 7 (29.2%) 10 (27.8%)

12 to <18 years 33 (73.3%) 17 (70.8%) 26 (72.2%)

Race

White 44 (97.8%) 24 (100%) 36 (100%)

Native Hawaiian or other Pacific Islander 1 (2.2%) 0 0

Ethnicity

Hispanic or Latino 7 (15.6%) 4 (16.7%) 10 (27.8%)
Not Hispanic or Latino 36 (80%) 20 (83.3%) 24 (66.7%)

Missing 2 (4.4%) 0 2 (5.6%)

Bodyweight (kg) 49.0 (19.3–85.1) 54.3 (20–70) 53.8 (19.3–83)

Body mass index (kg/m2) 18.9 (13–33.7) 19.8 (12.4–27) 20.8 (13–33.7)

Cause of pain
Cancer-related 9 (20%) 5 (20.8%) 8 (22.2%)

Not cancer-related 36 (80%) 19 (79.2%) 28 (77.8%)

Type of pain

Neuropathic 9 (20%) 4 (16.7%) 11 (30.6%)

Nociceptive 29 (64.4%) 14 (58.3%) 18 (50%)
Mixed pain 7 (15.6%) 6 (25%) 7 (19.4%)

Pain intensitya

VAS 47.8±32.4b 50.8±32.5b 30.8±32.3c

FPS-R 4.6±3.3b 4.2±3.0b 3.3±3.2c

Notes: Data are number of patients (%), median (range) or mean ± standard deviation. aMissing data for randomized treatment phase: tapentadol PR n=13, 
morphine PR n=5; for extension phase: n=4; bBaseline of randomized treatment; cBaseline at start of extension. 
Abbreviations: FPS-R, Faces Pain Scale-Revised; VAS, visual analogue scale.
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Table 2 Underlying Diagnosis/Reason for Pain

Randomized Treatment Extension Phase

Tapentadol PR 
(n=45)

Morphine PR 
(n=24)

Tapentadol PR 
(n=36)

Congenital, familial and genetic disorders  

Congenital neuropathy  

Developmental hip dysplasia  
Ehlers-Danlos syndrome  

Klippel-Trenaunay syndrome  

Neurofibromatosis  
Pectus excavatum  

Sickle cell anemia  

Talipes

8 (17.8%) 

1 (2.2%) 

1 (2.2%) 
1 (2.2%) 

1 (2.2%) 

0 
2 (4.4%) 

1 (2.2%) 

1 (2.2%)

4 (16.7%) 

0 

0 
0 

0 

1 (4.2%) 
3 (12.5%) 

0 

0

7 (19.4%) 

1 (2.8%) 

1 (2.8%) 
1 (2.8%) 

1 (2.8%) 

1 (2.8%) 
0 

1 (2.8%) 

1 (2.8%)

Gastrointestinal disorders  

Constipation

1 (2.2%) 

1 (2.2%)

0 

0

1 (2.8%) 

1 (2.8%)

Infections and infestations  

Lung abscess

0 

0

1 (4.2%) 

1 (4.2%)

0 

0

Injury, poisoning and procedural complications  
Electrical burn  

Soft tissue injury  

Spinal compression fracture  
Thermal burn

7 (15.6%) 
1 (2.2%) 

1 (2.2%) 

1 (2.2%) 
4 (8.9%)

2 (8.3%) 
0 

0 

0 
2 (8.3%)

2 (5.6%) 
0 

0 

1 (2.8%) 
1 (2.8%)

Musculoskeletal and connective tissue disorders  
Epiphysiolysis  

Myalgia  

Pain in extremity  
Rheumatoid arthritis  

Scoliosis  

Spinal pain  
Synovitis

6 (13.3%) 
1 (2.2%) 

0 

1 (2.2%) 
1 (2.2%) 

3 (6.7%) 

0 
0

4 (16.7%) 
0 

1 (4.2%) 

0 
1 (4.2%) 

0 

1 (4.2%) 
1 (4.2%)

9 (25%) 
1 (2.8%) 

0 

1 (2.8%) 
2 (5.6%) 

3 (8.3%) 

1 (2.8%) 
1 (2.8%)

Neoplasms benign, malignant and unspecified (including cysts and polyps)  
Enchondromatosis  

Ewing’s sarcoma  

Ewing’s sarcoma metastatic  
Neuroblastoma  

Osteosarcoma  

Osteosarcoma metastatic  
Round cell liposarcoma

7 (15.6%) 
0 

3 (6.7%) 

1 (2.2%) 
1 (2.2%) 

0 

1 (2.2%) 
1 (2.2%)

5 (20.8%) 
1 (4.2%) 

1 (4.2%) 

0 
0 

3 (12.5%) 

0 
0

8 (22.2%) 
1 (2.8%) 

2 (5.6%) 

1 (2.8%) 
1 (2.8%) 

2 (5.6%) 

0 
1 (2.8%)

Nervous system disorders  
Burning feet syndrome  

Complex regional pain syndrome  

Neuralgia

4 (8.9%) 
0 

3 (6.7%) 

1 (2.2%)

1 (4.2%) 
1 (4.2%) 

0 

0

4 (11.1%) 
1 (2.8%) 

3 (8.3%) 

0

Skin and subcutaneous tissue disorders  

Cutaneous lupus erythematosus

0 

0

1 (4.2%) 

1 (4.2%)

1 (2.8%) 

1 (2.8%)

(Continued)
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For patients entering the tapentadol treatment period of 
Part 2 the mean pain intensity scores at the end of Part 1 
(baseline) were 30.8 (SD 32.3) on the VAS and 3.3 (SD 
3.2) on the FPS-R. Further slight reductions were observed 
but overall, pain intensity remained stable over the 12- 
month treatment period for both VAS and FPS-R 
(Figure 4).

Safety
In Part 1, TEAEs were documented for 57.8% of tapenta-
dol PR patients, and 50% of morphine PR patients (Table 
3), most of them mild or moderate in intensity (tapentadol 
PR 94.6%, morphine PR 96.2%). Three patients taking 
tapentadol PR had a single serious TEAE of cystitis, 
malignant neoplasm progression, and acute kidney injury; 
one patient on morphine PR experienced four serious 
TEAEs (diarrhea, vomiting, mucosal inflammation, clos-
tridium difficile infection). None of these events was con-
sidered related to the trial medication by the investigator. 
Premature discontinuation of tapentadol PR due to TEAEs 
was documented in 3 patients: 2 were judged to be possi-
bly or certainly related to trial medication including 

intense vomiting in a patient following surgery for pectus 
excavatum, and diarrhea in a patient with metastatic dis-
ease who was receiving chemotherapy.

Small fluctuations in clinical chemistry and hematol-
ogy laboratory parameters and in vital signs over the 
treatment period, as well as the occurrence of minor 
abnormalities in ECG recordings, were not considered to 
be clinically relevant. There was no indication of clinically 
relevant withdrawal symptoms.

In the tapentadol period of Part 2, 30 of 36 patients 
(83.3%) experienced 226 TEAEs (Table 4), which were 
mostly mild or moderate in intensity (91.1%). Thirteen 
patients (36.1%) experienced 23 serious TEAEs, none of 
them related to tapentadol PR treatment: 3 events of white 
blood cell count decreased, 2 events of cutaneous lupus 
erythematosus, and one event each of appendicitis, appli-
cation site infection, breakthrough pain, dissociation, fall, 
herpes zoster, infection, limb operation, lymphopenia, 
malaise, malignant neoplasm progression, movement dis-
order, neuralgia, pain, pyrexia, sickle cell anemia with 
crisis, somnolence, and superficial thrombophlebitis. 
Premature discontinuation of tapentadol PR due to 

Figure 2 Mean change in pain intensity (SD) from baseline to the last six assessments before final administration of trial medication (randomized treatment phase). 
Abbreviations: FPS-R, Faces Pain Scale-Revised; VAS, visual analogue scale.

Table 2 (Continued). 

Surgical and medical procedures  

Bone marrow conditioning regimen  
Chest wall operation  

Limb operation  

Lung cyst removal  
Scoliosis surgery  

Spinal operation  

Surgery  
Thoracotomy  

Tumor excision

12 (26.7%) 

2 (4.4%) 
3 (6.7%) 

1 (2.2%) 

1 (2.2%) 
1 (2.2%) 

1 (2.2%) 

1 (2.2%) 
2 (4.4%) 

0

6 (25%) 

0 
1 (4.2%) 

0 

0 
0 

0 

1 (4.2%) 
3 (12.5%) 

1 (4.2%)

4 (11.1%) 

0 
1 (2.8%) 

1 (2.8%) 

0 
0 

1 (2.8%) 

0 
0 

1 (2.8%)

Note: Data are number of patients (%).
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Figure 4 Mean pain intensity under long-term tapentadol PR treatment (“as observed” data). 
Note: Baseline was the last evaluation at or before the end of randomized treatment visit. 
Abbreviations: B, baseline; FPS-R, Faces Pain Scale-Revised; VAS, visual analogue scale.

Figure 3 Forest plot of primary endpoint analysis and sensitivity analyses of the difference in treatment response between tapentadol PR and morphine PR (14-day 
randomized treatment period). 
Note: aFor the Bayesian analysis, Bayesian estimate and 80% credibility interval are shown. 
Abbreviations: CI, confidence interval; CRPS, complex regional pain syndrome; FPS-R, Faces Pain Scale-Revised; IMP, investigational medicinal product; ML, maximum 
likelihood; VAS, visual analogue scale.

Journal of Pain Research 2020:13                                                                                            submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
3165

Dovepress                                                                                                                                                         Howard et al

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


TEAEs was documented in 4 patients (11.1%). Reasons 
for withdrawal were dissociation, nightmares, fatigue and 
bradypnea (of moderate intensity that was considered by 
the investigator to be “certainly related” to tapentadol PR 
treatment) in one patient each. Again, there was no indica-
tion of clinically relevant withdrawal symptoms after the 
end of treatment –see below.

Adverse events occurring after the final dose of trial 
medication in the observation period were documented for 
27 of the 58 patients (46.6%): Infections and infestations 
(27.6% of patients), nervous system disorders (17.2%), 
general disorders and administration site conditions 
(13.8%), and musculoskeletal and connective tissue disor-
ders (13.8%) were most frequently reported; none were 
considered long-term consequences of the trial medication. 
Three patients died due to underlying diseases 

(progression of Ewing’s sarcoma, sarcoma, and osteosar-
coma). Physical examination findings, clinical chemistry 
and hematology laboratory values, and vital signs were 
either unchanged or were as expected due to underlying 
clinical condition.

Other Trial Outcomes
Palatability and acceptability of the trial medication: 
Swallowing was rated as “easy/really easy” by 79.6% of 
patients in the tapentadol PR group and 87.5% in the 
morphine PR group. Taste was rated “good/really good” 
by 45.5% and 62.5%, respectively.

Constipation scores were stable and low throughout 
Part 1 at 1.5 (SD 1.4)-1.8 (SD 2.0)/16 for the tapentadol 
PR group and 2.7 (SD 3.0)-2.7 (SD 2.4)/16 for morphine 
PR at the start and end of treatment. Constipation scores 

Table 3 Treatment-Emergent Adverse Event Profile During the Randomized Treatment Period (Safety Set)

Tapentadol PR (n=45) Morphine PR (n=24)

Any TEAE 26 (57.8%) 12 (50%)
Any serious TEAE 3 (6.7%) 1 (4.2%)

Any TEAE leading to discontinuation of trial medication 3a (6.7%) 0

Any TEAE at least possibly related to the trial medication 12 (26.7%) 6 (25%)

Any TEAE incidence in ≥5% of patients

Gastrointestinal disorders 19 (42.2%) 9 (37.5%)

Nausea 10 (22.2%) 4 (16.7%)
Constipation 7 (15.6%) 4 (16.7%)

Vomiting 6 (13.3%) 8 (33.3%)

Abdominal pain 6 (13.3%) 0
Diarrhea 3 (6.7%) 1 (4.2%)

Abdominal pain upper 0 2 (8.3%)

Nervous system disorders 10 (22.2%) 4 (16.7%)

Headache 6 (13.3%) 3 (12.5%)

Dizziness 4 (8.9%) 0
Dysarthria 0 2 (8.3%)

Somnolence 0 2 (8.3%)

General disorders and administration site conditions 7 (15.6%) 7 (29.2%)

Pyrexia 3 (6.7%) 1 (4.2%)

Fatigue 2 (4.4%) 3 (12.5%)

Skin and subcutaneous tissue disorders 5 (11.1%) 4 (16.7%)

Pruritus 1 (2.2) 3 (12.5%)

Musculoskeletal and connective tissue disorders 4 (8.9%) 0

Back pain 3 (6.7%) 0

Renal and urinary disorders 2 (4.4%) 2 (8.3%)

Dysuria 0 2 (8.3%)

Notes: Data are number of patients (%). aOne of these patients had already completed the 14-day treatment and is therefore considered as a completer of 
the treatment period. 
Abbreviation: TEAE, treatment-emergent adverse event.
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fell by 0.7 points during the tapentadol treatment period of 
Part 2 from 2.3 (SD 2.4) at baseline to 1.8 (SD 2.7) at the 
end of treatment.

The mean opiate withdrawal score (0–60) was 6.8 (SD 
7.4) for tapentadol PR and 4.0 (SD 3.8) for morphine PR 
after last trial medication intake in those patients who 
stopped trial medication during or at the end of Part 1, 
decreasing by 5 and 2.7 points respectively by day 7 after 
trial treatment discontinuation. For patients who received 
their final tapentadol PR dose in Part 2, the mean score 
after treatment discontinuation was 6.0 (SD 5.9) decreas-
ing by 1.7 points at day 7.

Discussion
The results of the current trial show, for the first time, the 
efficacy and safety of tapentadol PR in the treatment of 
pain lasting at least 2 weeks and requiring strong opioid 
treatment in children and adolescents. Tapentadol PR 
demonstrated non-inferiority to the active comparator mor-
phine PR over the 14-day randomized phase, and pain 
intensity scores remained low and stable during the sub-
sequent 12-month period of tapentadol treatment. The 
adverse event profile was in line with the safety profile 
known from adult tapentadol PR trials;6 and no new safety 
issues or tapentadol-related side effects were identified in 
this 6 to <18 years pediatric population. Tapentadol PR 
was generally well tolerated with no clinically relevant 
withdrawal symptoms on termination of treatment; no 
adverse events that occurred after the final dose were 
considered to be long-term consequences of treatment.

Tapentadol is an opioid analgesic (MOR-NRI) com-
bining both µ-opioid receptor agonist and noradrenaline 
reuptake inhibitory activity in one molecule with these 
two mechanisms appearing to act synergistically.1 

Although the analgesic effect of tapentadol is similar to 
that of classical µ-opioid agonists such as morphine and 
oxycodone, there is relatively lower µ-agonist activity. 
The NRI activity of tapentadol leads to activation of 
adrenergic inhibitory mechanisms in the brain and spinal 
cord, and recent experimental data also implies that tapen-
tadol may show enhanced adrenergic inhibitory activity in 
neuropathic pain, contributing to a stronger theoretical 
basis for its potential effectiveness in nociceptive, neuro-
pathic and mixed mechanism pain.18 Consequently, in the 
adult, the use of tapentadol is being described and 
researched for a broad variety of indications including 
cancer pain and chronic musculoskeletal pain.19–22 

Table 4 Treatment-Emergent Adverse Event Profile During the 
Tapentadol PR Extension Phase (Safety Set, n=36)

Any TEAE 30 (83.3%)
Any serious TEAE 13 (36.1%)

Any TEAE leading to discontinuation of trial medication 4 (11.1%)

Any TEAE at least possibly related to the trial 
medication

13 (36.1%)

Any TEAE incidence in ≥5% of patients

Infections and infestations 20 (55.6%)

Nasopharyngitis 5 (13.9%)

Gastrointestinal disorders 18 (50%)

Nausea 11 (30.6%)
Constipation 5 (13.9%)

Vomiting 5 (13.9%)

Abdominal pain 3 (8.3%)
Abdominal pain upper 3 (8.3%)

Diarrhea 3 (8.3%)

Toothache 2 (5.6%)

Nervous system disorders 17 (47.2%)

Headache 10 (27.8%)
Somnolence 3 (8.3%)

Dizziness 2 (5.6%)

Paresthesia 2 (5.6%)

General disorders and administration site conditions 10 (27.8%)

Pyrexia 3 (8.3%)
Fatigue 2 (5.6%)

Musculoskeletal and connective tissue disorders 9 (25%)
Back pain 5 (13.9%)

Pain in extremity 3 (8.3%)

Psychiatric disorders 9 (25%)

Nightmare 2 (5.6%)
Sleep disorder 2 (5.6%)

Skin and subcutaneous tissue disorders 8 (22.2%)
Pruritus 2 (5.6%)

Blood and lymphatic system disorders 7 (19.4%)
Anemia 3 (8.3%)

Thrombocytopenia 3 (8.3%)

Neutropenia 2 (5.6%)

Respiratory, thoracic and mediastinal disorders 7 (19.4%)

Oropharyngeal pain 4 (11.1%)
Cough 2 (5.6%)

Metabolism and nutrition disorders 2 (5.6%)
Hypokalemia 2 (5.6%)

Neoplasms benign, malignant and unspecified (incl. cysts 
and polyps)

2 (5.6%)

Malignant neoplasm progression 2 (5.6%)

Note: Data are number of patients (%). 
Abbreviation: TEAE, treatment-emergent adverse event.
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Notwithstanding the recent focus on the suitability of 
long-term opioid therapy for some types of chronic pain, 
opioids remain amongst the most effective analgesics 
available, and are clearly indicated where the benefits 
and risks are in favor of their use in both adults and 
children, including chronic pain indications.23,24 In the 
light of this data, and in the spirit of initiatives designed 
to ensure that children are neither excluded from the 
benefits of new or existing treatments, nor are exposed 
to compounds that have not been adequately assessed, the 
drug development plan for tapentadol included a desire to 
assess its efficacy and safety for chronic pain in 
children.25,26

However, pediatric trials, especially in pain research, 
are known to have many challenges that include trial 
design constraints due to ethical and logistical considera-
tions, and enrolment of a sufficient number of trial subjects 
with a suitably broad age range and compatible diagnoses 
within a reasonable time frame.26–28 These difficulties are 
evidenced by the extremely low number of publications 
available, especially for pediatric chronic pain.26,29 In 
recognition of these and other obstacles a number of 
ameliorating strategies relevant to the current study have 
been proposed and were initially implemented here as far 
as possible.27,30,31 Nevertheless, recruitment of the tar-
geted pediatric population requiring treatment of sufficient 
duration with a strong PR opioid analgesic was thought to 
be potentially very challenging, despite the relatively low 
recruitment target (SSE = 69) due to careful trial design. 
Chronic pain is highly prevalent in children but such 
a non-specific indication would be likely to include many 
patients for whom long-term opioid therapy would not be 
appropriate.32 This problem was addressed by an agreed 
change in the pain indication for inclusion in the trial from 
“severe chronic pain” to “severe long-term pain requiring 
PR opioid treatment for at least 14 days”, this allowed the 
additional inclusion of a broader variety of indications (eg, 
cancer, postsurgical pain, burns) whilst still maintaining 
trial objectives.

In the event, only 23 (48%) of all invited 48 trial sites 
were able to enroll patients within the recruitment period 
of 3.5 years, clearly illustrating the difficulties faced by 
such trials despite the use of problem mitigating strategies. 
Nevertheless, a broad range of diagnoses and relevant 
underlying pain mechanisms (nociceptive, neuropathic, 
and mixed) are included here.

Of further interest, of the 36 patients who entered the 
longer-term tapentadol treatment phase 16 (44.4%) did not 

complete the first 3 months, mainly because opioid treat-
ment was no longer required. Only 9 patients, all ≥10 
years of age, received tapentadol PR treatment for a year, 
in line with previous suggestions that eligible children 
with severe chronic pain do not require opioid analgesics 
for longer time periods, and that the need for around-the- 
clock opioid treatment for severe pain for more than 4 
weeks is rare.27,33,34

When evaluating these findings the small sample size 
and the open-label trial design need to be considered and 
that the use of rescue medication could be a confounding 
factor for efficacy. However, overall, the use of rescue 
medication in the study was very low in both groups and 
the study was not designed or powered to evaluate such 
differences. In this regard, the efficacy outcomes in Part 2 
also need to be carefully interpreted as only a few patients 
completed this part of the trial and results may have been 
influenced by the natural course of their underlying disease 
process, enabling patients to discontinue from Part 2 as 
treatment was no longer required.

Conclusions
The results of this randomized, parallel group, non- 
inferiority trial show that tapentadol PR was equivalent 
to morphine PR in terms of both efficacy and safety in 
children aged 6 to <18 years requiring long-term opioid 
analgesia for at least 14 days. No decline in efficacy, new 
safety issues, long-term opioid adverse effects or adverse 
reactions were identified during the trial period of duration 
up to one year.

Abbreviations
AE, adverse event; CI, confidence interval; CNS, central 
nervous system; CRPS, complex regional pain syndrome; 
ECG, electrocardiogram; FAS, full analysis set; FPS-R, 
Faces Pain Scale-Revised; mCAS, modified constipation 
assessment scale; ML, maximum likelihood; MOR, μ-opioid 
receptor agonism; NRI, noradrenaline reuptake inhibition; PK, 
pharmacokinetic; PPS, per protocol set; PR, prolonged 
release; SSE, sample size estimate; TEAE, treatment- 
emergent adverse event; VAS, visual analogue scale.
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