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Abstract
Background and Objective A topical formulation of diclofenac (FLECTOR diclofenac epolamine topical system (FDETS)) 
is approved in adults for the treatment of acute pain due to minor strains, sprains, and contusions; however, its safety and 
efficacy have not been investigated in a pediatric population. This study assessed the safety and efficacy of the FLECTOR 
(diclofenac epolamine) topical system in children.
Methods This was an open-label, single-arm, phase IV study at ten USA-based family medicine or pediatric practices in 
children aged 6–16 years with a clinically significant minor soft tissue injury sustained within the preceding 96 h and at 
least moderate spontaneous pain on the Wong-Baker  FACES® Pain Rating Scale. The FLECTOR topical system was applied 
twice daily until pain resolution or Day 14. The primary endpoint was local tolerability and systemic safety. Key secondary 
endpoints were diclofenac plasma concentrations and analgesic efficacy.
Results 104 patients were enrolled; 52 were 6–11 years old, and 52 were 12–16 years old (mean age 11.6 years). The maxi-
mum tolerability score experienced by any patient was 1 (faint redness). Fourteen adverse events (none serious) in nine 
patients (8.7%) were considered possibly treatment-related. Reduction in pain during the study was somewhat greater for 
patients aged 6–11 versus 12–16 years (p < 0.011). The diclofenac plasma concentration tended to be higher in the younger 
age group compared with older patients: 1.83 versus 1.46 ng/mL at the first assessment and 2.49 versus 1.11 ng/mL at the 
last assessment (p = 0.002).
Conclusion The FLECTOR topical system safely and effectively provided pain relief for minor soft tissue injuries in the 
pediatric population, with minimal systemic nonsteroidal anti-inflammatory drug exposure and low potential risk of local 
or systemic adverse events.
Clinical Trial Registration ClinicalTrials.gov identifier NCT02132247.

Plain Language Summary
In this post-marketing clinical trial, the safety and efficacy at relieving pain of the FLECTOR diclofenac epolamine topical 
system (FDETS), a nonsteroidal anti-inflammatory drug (NSAID) formulation in a medicated patch, was assessed in a pedi-
atric population (aged 6–16 years) with clinically significant minor soft tissue injuries. The safety and efficacy profiles in 
the pediatric population were consistent with previous data in adults. Both diclofenac plasma concentrations and reduction 
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in pain during the study were greater for younger patients (aged 6–11 vs. 12–16 years), but plasma concentrations were 
much less than after diclofenac was taken orally in previous studies. This study shows that FDETS can safely and effectively 
provide pain relief for soft tissue injuries in children, with minimal systemic NSAID exposure and a low potential risk of 
either local or systemic adverse events.

1 Introduction

Topical non-steroidal anti-inflammatory drugs (NSAIDs) are 
effective in a variety of acute and chronic pain conditions, 
including osteoarthritis [1–5], and systematic reviews of 
randomized, double-blind, comparative studies have shown 
topical diclofenac to be effective for acute and chronic pain, 
including strains and sprains, with low rates of systemic or 
local adverse events (AEs) [6, 7]. The use of topical sys-
tems (formerly known as patches) for the administration of 
NSAIDs has several key advantages, including drug delivery 
directly to the injury site, markedly reduced plasma con-
centrations relative to systemic formulations, lower risk of 
systemic AEs, and avoidance of first-pass metabolism and 
potential drug-drug interactions [1–3, 8, 9]. Furthermore, 
topical systems provide a route of administration for patients 
who are unable to take oral medication [9], and, of the vari-
ous topical preparations of diclofenac, diclofenac patches 
are associated with lower rates of application site AEs than 
when formulated as gels or topical solutions [7]. Diclofenac 
as an epolamine salt is available as the topical formulation, 
FLECTOR diclofenac epolamine topical system (FDETS). 
The FDETS consists of an adhesive material containing 
1.3% (180 mg) of active ingredient (diclofenac epolamine) 
to be directly applied to the painful area up to twice a day 
[10]. Each 10 × 14 cm FDETS releases diclofenac epola-
mine from a non-woven polyester felt backing. The adhesive 
side of FDETS is covered by a polypropylene film-release 
liner, which is removed before application.

FDETS is indicated for the treatment of acute pain due 
to  minor strains, sprains and contusions [10]. Studies in 
adults with minor soft tissue injuries—including sports 
injuries and back pain—treated with FDETS have shown 
rapid and effective pain relief, with a low frequency of AEs 
[11–16]. Post hoc analysis of data from two double-blind, 
randomized, placebo-controlled studies (n = 274) in adult 
patients with acute ankle sprain showed that the diclofenac 
epolamine 1.3% topical patch resulted in clinically impor-
tant pain reduction within approximately 3–4 h (p < 0.05 
vs. placebo), with pain relief occurring as early as 1.27 h 
after application, compared with 3.76 h for the placebo 
patch [14]. Furthermore, a review of previously unpub-
lished clinical and pharmacokinetic data supported the effi-
cacy of FDETS in providing relevant clinical pain relief 
through local accumulation of diclofenac in the target site, 
without evidence of systemic effects [17]. More specifi-
cally, in a pediatric population, no topical or systemic AEs 

were reported when retrospective data from 176 children 
and adolescents aged 8–15 years with acute sports-related 
trauma injuries not severe enough to warrant surgical inter-
vention or immobilization treated with FDETS one plaster 
twice daily for 3–14 (commonly 7) days [15].

While FDETS is approved for use in adults, the US Food 
and Drug Administration (FDA) requires a phase IV trial to 
be conducted to confirm the safety and efficacy of FDETS 
in a pediatric population. The present study assessed the 
safety and analgesic efficacy of FDETS in pediatric patients 
with clinically significant minor soft tissue injuries in USA-
based practices compared with data from a previous study 
in adults.

2  Methods

This was an open-label, single-arm, phase IV non-rand-
omized study conducted at ten family medicine or pediatric 
practices in the USA between May 2014 and October 2016. 
The study protocol was reviewed and approved by the FDA 
Division of Anesthesia, Analgesia, and Addiction Products 
(DAAAP) as adequate to assess the safety and efficacy of 
the FDETS for the treatment of minor soft tissue injuries 
in pediatric patients aged 6 through 16 years of age. A cen-
tral institutional review board approved the protocol at each 
participating site, and the study was conducted according 
to the ethical principles of human research established by 
the Declaration of Helsinki and its amendments. At Visit 1, 
prior to enrolment, all children and their parent or legally 
authorized representative were given a verbal description of 
the study and required to read a Patient Information Sheet 
describing the intended research, including procedures, 
visit schedule, storage of investigational product, and diary 
completion instructions. Informed consent was required for 
all participants and/or their legal guardians. Two different 
consent documents were prepared: a Parental Permission 
Form, to be completed for all children by their parent/legally 
authorized representative, and a Children’s Assent Form, for 
completion by children 10–16 years of age. All participants 
and their legal guardians were given a copy of the applicable 
consent documents.

There was one protocol amendment that increased the 
eligibility interval from < 48 to < 96 h after injury occur-
rence to increase the likelihood of enrolling children with 
an acute injury.
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2.1  Patients

The study included children aged 6–16 years with a clini-
cally significant minor soft tissue injury sustained within the 
preceding 96 h, and spontaneous pain of at least moderate 
severity, defined as a score of ≥ 3 on the 6-point Wong-
Baker  FACES® Pain Rating Scale [18]. Post-menarche girls 
were required to have a negative pregnancy test.

Patients were excluded if their injury was midline or 
major, involved the spine, digits, or hands, or if they had 
open skin lesions within the injured area. In accordance with 
the Warnings and Precautions of the package insert, patients 
with severe cardiac, renal, or hepatic impairment were 
excluded from the study. Other exclusion criteria included 
the use of a long-acting NSAID since sustaining the injury, 
or topical medication within the past 48 h. A complete list 
of inclusion and exclusion criteria is provided in the Online 
Resource 1 [Online Supplemental Material (OSM)]. Given 
the known very low diclofenac exposure following FDETS 
usage compared to oral diclofenac, specific monitoring for 
cardiovascular or renal events was not undertaken.

2.2  Treatment and Assessment

Eligible patients were given 28 FDETS, each containing 
180 mg of diclofenac epolamine, equivalent to 140 mg of 
diclofenac sodium. Data from a pharmacokinetic study in 
healthy adult volunteers show that approximately 5–6% of 
the diclofenac epolamine content of a patch is released dur-
ing the 12- to 24-h application period [19].

Study personnel demonstrated to patients and parents/
guardians how to apply FDETS at the injury site and applied 
the first topical system at the end of the inclusion visit. After 
that, patients or their parents/guardians were instructed to 
apply one FDETS in the morning and another 12 h later, 
each day until they returned to the clinic for the final visit 
(pain resolution or Day 14), and were requested to have a 
topical system in place at the time of each visit.

If the site of injury was such that the edges of the FDETS 
were going to overlap after application, it was trimmed to 
avoid overlap, and if a patch needed to be replaced because 
of exposure to water (e.g., during bathing or swimming), a 
third topical system could be used in a single day.

In addition to the Day 1 visit, patients were asked to 
return to the clinic on Days 2, 4, 7, and 14, but were allowed 
to exit the study at any time for any reason. Therefore, the 
final study visit was defined as Day 14 or the day after pain 
resolution. Because of inconsistent visit times by patients, 
visits were categorized as follows: screening, Days 1–2 after 
treatment initiation, Days 3–4, Days 5–7, Days 8–11, and 
Days 12–15. On Day 2 (24 h after first application) and at the 
final visit, a blood sample was collected for the assessment 
of diclofenac concentration.

Pre-treatment baseline pain was assessed in the clinic 
prior to the first FDETS application. The Wong-Baker 
 FACES® Pain Rating Scale (0 = No hurt; 5 = Hurts worst) 
[18] was used to assess pain severity. Patients were admin-
istered the Pain scale by the study personnel at the site on 
the occasion of the first in-clinic visit (inclusion visit). Dur-
ing the treatment period at home, pain was self-assessed by 
patients using the same scale and it was recorded in their 
personal diary. At each post-enrollment visit, the pain score, 
AEs, local tolerability (application site reactions), and vital 
signs were recorded by the study personnel, and at the final 
visit, the Investigator assessed the patient’s global response 
to therapy. Local tolerance was evaluated following patch 
removal by the Investigator using an application-site scor-
ing scheme (described in Sect. 2.4), with a fresh patch to be 
applied on completion of the examination. AEs were catego-
rized using the Medical Dictionary for Regulatory Activities 
(MedDRA) codes.

Patients were asked to rate their pain in the morning and 
evening of each day and record this information in a diary; 
the first diary entry was made on the evening after the first 
FDETS was applied in the clinic. Patients were monitored 
throughout the study for AEs and were also asked to record 
any AEs, local tolerability issues, and/or concomitant medi-
cation/treatment in their diaries.

Patients were instructed not to use any other topical 
medication within the injured area for the duration of the 
study, as well as any medications that may interact with 
diclofenac, or pose a risk to patients (e.g., selective sero-
tonin reuptake inhibitors, lithium, antidiabetic agents, or 
anticoagulants), any over-the-counter analgesics, short- or 
long-acting NSAIDs, narcotic analgesics, systemic steroidal 
anti-inflammatory agents, or immunosuppressive therapy. 
Patients were permitted to use rest-ice-compression-eleva-
tion (RICE) techniques both before and during the study. 
Any unused topical systems were to be returned to the clinic 
at the final visit.

2.3  Bioanalytic Assay

Two 5 mL blood samples were collected from each patient 
for the assessment of diclofenac concentration, the first at 
Visit 2, 24 h after initial patch application on Day 1, and the 
second on the day of discontinuation from the study (i.e., fol-
lowing pain resolution or at the latest on Day 14). Both sam-
ple collections were made while the patch was still applied 
to the injury site. It should be noted that these were not at 
specific pre-dose timepoints, as the study protocol directed 
patch application in the evening and on the morning of the 
following day. Therefore, two to three patches may have 
been applied by the time of the first blood draw, depending 
on the time of the first visit.
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Diclofenac concentrations were determined in plasma at 
inVentiv Health Clinique, inc., Québec (Canada) (now Syn-
eos Health), according to a fully validated method described 
using high performance liquid chromatography (HPLC), 
with tandem mass spectrometry detection (MS-MS) having 
a quantitation range of 50–50,000 pg/mL (0.05–50 ng/mL).

The analytical methodology is provided in detail as OSM 
Resource 2.

2.4  Outcomes

The primary endpoint of this study was local tolerability 
(redness, swelling) and systemic safety. AEs were catego-
rized using MedDRA codes. Local tolerability was assessed 
at each clinical visit using a seven-item scale, where a score 
of 0 = no skin changes; 1 = faint redness; 2 = moderate 
redness; 3 = intense redness; 4 = redness with edema and 
papules; 5 = redness with weeping vesicles, blisters, or bul-
lae; and 6 = redness with an extension of effect beyond the 
margin of the contact site.

Secondary endpoints included an assessment of the 
analgesic efficacy of FDETS, assessed by both patients and 
investigators on an ordinal scale, and stratified by age (6–11 
years and 12–16 years) and diclofenac plasma concentra-
tions in children in comparison to data obtained in a compar-
ative study of FDETS versus oral diclofenac in adults (Study 
CRO-PK-01-72; data on file, IBSA). The study protocol and 
results of CRO-PK-01-72 are summarized in OSM Resource 
3. Analgesic efficacy was assessed by patients using the 
Wong-Baker  FACES® Pain Rating Scale (from 0 = no hurt 
to 5 = most hurt) [18]. Investigators provided an assessment 
of global response to therapy on a 5-point scale from 1 = 
no clinical improvement in pain intensity and/or functional 
performance to 5 = restoration of normal functional perfor-
mance in the absence of any pain. For comparative purposes, 
pain score data were compared with data from another study 
in adults (00GB/Fp05; data on file, IBSA).

2.5  Statistical Analysis

Based on previous studies in adults, a population of 100 
patients would have 80% power to detect a mean change 
from baseline of 0.354 in pain intensity score (on a 0–5 
scale) with a two-sided alpha of 0.05. In a population of this 
size, the 95% confidence intervals (CIs) for an AE incidence 
of 10% would be 4.9–17.6%.

Data were analyzed in all patients who applied ≥ 1 
FDETS, with separate analyses undertaken in children 
aged 6–11 and 12–16 years. The two age classes were 
defined by the FDA according to regulatory and scientific 
standards [20]. The lower limit of the younger pediatric 

subgroup was set under the assumption that 6 years of age 
approximates the age at which children have sufficient size 
and aggressiveness to be at increased risk of minor soft 
tissue injuries requiring pain therapy, and the upper limit 
of 16 years represents the maximum age for a pediatric 
population according to the FDA.

Continuous variables were expressed as means with 
standard deviation and range. Categorical variables were 
expressed as number and percentage. The two age groups 
were compared using the t-test for continuous variables 
and Fisher’s exact test for categorical variables. A mixed 
model, adjusting for multiple assessments per patient, was 
used for analysis of plasma diclofenac concentrations.

Twice-daily pain scores from patient diaries expressed 
as a proportion of the pre-treatment pain score for each 
patient were analyzed. A pain score of 1.0 indicated no 
change from baseline, while 0.0 indicated no discernible 
pain. Analyses were truncated at Day 13 (morning) in 
order to remove time periods with too few patients. Sta-
tistical analyses used a generalized estimating equation 
(GEE) model on all post-treatment pain scores with cat-
egorical factors for age category (6–11 years, 12–16 years, 
and adults) and assessment period (Day 0 evening, Day 1 
morning–Day 1 evening, Day 2 morning–Day 2 evening, 
etc.). Multiple values from the same patient were treated 
as repeated measures using an independent correlation 
structure. The three individual group comparisons were 
not adjusted for multiplicity, and imputation for missing 
data was not performed. Global responses in the two age 
groups were compared using Fisher’s exact test.

For the pharmacokinetic analysis, individual, median, 
and mean steady-state diclofenac concentrations for each 
of the two age subgroups were calculated. Data from 
blood draws >  13  h after the last FDETS application 
were excluded. The comparable adult data came from the 
separate CRO-PK-01-72 Study, with blood drawn from 0 
to 24 h on Day 4 after steady-state concentrations were 
reached. The 90% CI of the difference between the esti-
mated geometric means of plasma diclofenac concentra-
tions after FDETS application in the adult and pediatric 
studies was calculated. In addition, the mean steady-state 
diclofenac concentrations from the pediatric study were 
compared with the mean maximum serum concentration 
resulting from a single 50 mg oral diclofenac tablet in the 
adult study.

Statistical analyses of the three FDETS treatment 
groups used a GEE model with a single factor for treat-
ment. Multiple values from the same patient were treated 
as repeated measures using an exchangeable correlation 
structure. The three individual group comparisons were 
not adjusted for multiplicity. Data were analyzed using 
SAS version 9.2 (SAS Institute, Inc., Cary, NC, USA).
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3  Results

3.1  Patients

A total of 104 patients were included, aged 6–11 years (n 
= 52) and 12–16 years (n = 52). 100 patients provided two 
blood samples as planned, and four patients provided only 
one sample. Ninety patients completed the protocol with 
pain resolution, 12 completed without pain resolution (i.e., 
pain score > 0), and two patients withdrew from the study 
with pain: one because of a fracture, and the other because 
of an excluded concomitant treatment.

Sixty-eight patients (65.4%) were male, and 36 were 
female (34.6%); most (70.2%) were Caucasian (Table 1). 
The mean age of the overall population was 11.6 years. The 
most common site of injury was the ankle (n = 37), followed 
by the knee (n = 11), foot (n = 11), and wrist (n = 10).

Aside from the expected differences in weight and height, 
there were no notable differences in patient characteristics 
between the age groups, except baseline pain was greater for 
the older versus the younger cohort (3.37 vs. 3.58, respec-
tively; p = 0.075).

The mean number of treatment days was 9.5, and patients 
used a mean of 19.8 FDETS during the study (mean 2.1 per 
day). Six patients trimmed the FDETS to fit the injury site.

3.2  Safety

Tolerability score was the primary study outcome. At 
screening, 93% of patients had a tolerability score of zero 
(no skin changes) on the local tolerability assessment scale 
(7% had a score of 1), increasing to 100% with a score of 0 
by the end of the study among those still using FDETS (n = 
33) (Table 2). The highest score seen during the study was 
1 (faint redness).

Thirty-two study participants experienced 54 AEs; 26 
events occurred in 14 patients in the group aged 6–11 years 
(26.9%), and 28 events in 18 patients in the group aged 
12–16 years (34.6%). There were no serious AEs.

The most common AEs were headache (n = 9), pruri-
tus (n = 7), nausea (n = 3), stomach discomfort (n = 3), 
dizziness (n = 2), fatigue (n = 2), upper abdominal pain 
(n = 2), erythema (n = 2), and epistaxis (n = 2; Table 3). 
Events occurring in a single patient were motion sickness, 
abdominal pain, loose stools, vomiting, lice infestation, 
concussion, excoriation, scratch, muscle spasms, myalgia, 
enuresis, cough, nasopharyngitis, exfoliative dermatitis, dry 
skin, flushing, and vasovagal syncope.

All AEs were of mild or moderate severity (44 mild and 
10 moderate). Fourteen events in nine patients (8.7%) were 
deemed at least possibly related to FDETS—six events 
in three patients aged 6–11 years and eight events in six 
patients aged 12–16 years. The most common was pruri-
tus, of which there were nine events in six patients (five 
events in two patients aged 6–11 years and four events in 
four patients aged 12–16 years). Other possibly treatment-
related AEs occurred once in one patient each: nausea 
(6–11 years), headache (12–16 years), exfoliative derma-
titis (12–16 years), dry skin (12–16 years), and erythema 
(12–16 years). Vital signs remained within normal limits 
throughout the study.

3.3  Pain Response

Pain scores declined somewhat more rapidly for patients 
aged 6–11 years compared with patients aged 12–16 years, 
with the latter profile similar to that of data from another 
study in adults (Fig. 1). The results of multivariate regres-
sion analysis revealed that the reduction in pain over the 
course of the study was significantly greater for patients 

Table 1  Demographic characteristics of patients included in the study

BMI body mass index, SD standard deviation
a Elbow (n = 5), forearm (n = 4), thigh (n = 4), shoulder (n = 4), arm 
(n = 2), back (n = 2), abdomen (n = 2), eyebrow (n = 1), upper back 
(n = 1), hip (n = 1), Achilles (n = 1), heel (n = 1)

Parameter Overall (n = 104) Age 
6–11 years 
(n = 52)

Age 
12–16 years 
(n = 52)

Sex, n (%)
 Male 68 (65.4) 38 (73.1) 30 (57.7)
 Female 36 (34.6) 14 (26.9) 22 (42.3)

Race/ethnicity, n (%)
 White 73 (70.2) 37 (71.2) 36 (69.2)
 Hispanic 12 (11.5) 5 (9.6) 7 (13.5)
 Black 7 (6.7) 3 (5.8) 4 (7.7)
 Pacific Islander 2 (1.9) 0 2 (3.8)
 Asian 1 (1.0) 0 1 (1.9)
 Mixed 9 (8.7) 7 (13.5) 2 (3.8)

Mean (SD) age, 
years

11.6 (3.0) 9.0 (1.6) 14.2 (1.4)

Mean (SD) height, 
cm

60.2 (7.4) 54.1 (4.8) 66.4 (3.5)

Mean (SD) weight, 
lb

114.7 (50.2) 80.3 (28.1) 149.0 (43.6)

Mean (SD) BMI, 
kg/m2

21.2 (5.2) 18.8 (3.9) 23.5 (5.3)

Injury location, n (%)
 Ankle 37 (35.6) 16 (30.8) 21 (40.4)
 Knee 11 (10.6) 4 (7.7) 7 (13.5)
 Foot 11 (10.6) 8 (15.4) 3 (5.8)
 Wrist 10 (9.6) 3 (5.8) 7 (13.5)
 Lower leg 7 (6.7) 3 (5.8) 4 (7.7)
 Other 28 (16.9)a 18 (34.6) 10 (19.2)
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aged 6–11 years than for either 12- to 16-year-olds or adults 
(Fig. 1).

Analysis of clinic visit pain scores demonstrated a decline 
to “0” over the course of the study for 90 patients (87%), 
and the majority of those who did not reach “0” (11/14) had 
a score of “1”, with fewer patients in the younger versus 
older cohort having residual pain (4/7.7% vs. 10/19.2%, p 
= 0.149).

According to the physician’s assessment of global 
response to treatment, all but one patient in each age group 
showed clinical improvement, and 87 (83.7%) patients were 
restored to normal function with no pain: 47 (90.4%) in the 
6- to 11-year age group and 40 (76.9%) patients in the 12- to 
16-year age group (p = 0.110).

3.4  Pharmacokinetics

The mean diclofenac concentration for all patients, 
adjusted for six patients who only received a partial 
patch, was 1.65 ng/mL at the 24-h time point (first assess-
ment) and 1.80 ng/mL at the final visit (last assessment). 
Diclofenac concentration tended to be slightly higher 
in the younger age group compared with older patients: 
1.83 versus 1.46 ng/mL, respectively, at the first assess-
ment and 2.49 versus 1.11 ng/mL, respectively, at the last 
assessment. The higher concentration in the younger age 
group persisted after excluding samples collected >13 h 
post-application and after dose adjustment associated with 
trimming the topical system (n = 6), and were statistically 
significant at the last assessment (p = 0.002).

An analysis of diclofenac plasma concentrations in 
pediatric patients was compared with data from adult 
patients following diclofenac patch administration in the 
previous study (CRO-PK-01-72). It showed significantly 
higher concentrations for the youngest patients in com-
parison to either older pediatric patients or adults, with 
the latter two cohorts being similar (Fig. 2). Mean/median 

plasma values for all three cohorts were, however, less 
than 1/500th of those obtained from adults treated with 
50 mg of oral diclofenac (Fig. 2).

Using adjusted plasma diclofenac concentrations col-
lected at < 13 h after the last patch application in order to 
remove concentrations that might be characteristic of the 
elimination phase, the geometric mean in the total pediatric 
population was estimated to be 1.07 ng/mL, compared with 
1.18 ng/mL in the historical adult population from Study 
CRO-PK-01-72, a study in which both oral (diclofenac 50 
mg) and topical (FDETS twice daily for 4 days) diclofenac 
exposure was assessed. These data yielded a 90% CI of 
0.81–1.02 for the ratio of the pediatric-adult population 
geometric means, indicating that the two populations were 
equivalent with respect to plasma diclofenac exposure after 
patch application.

Since pain relief was somewhat more rapid in the young-
est pediatric patients, particularly during the first 7 days of 
treatment, a repeated-measures analysis of variance was per-
formed over Days 0–7, with maximum adjusted diclofenac 
plasma concentrations, baseline pain score, sex, center, age-
category, and day in the model. Although baseline pain, age, 
and day were significant predictors of outcome (chi-square 
13.06, p < 0.001; 6.35, p < 0.012; and 261.11, p < 0.001, 
respectively), the p-value for diclofenac plasma concentra-
tions was not statistically significant (chi-square 0.19, p = 
0.666).

4  Discussion

This study explored the safety and analgesic efficacy of 
FDETS in children aged 6–16 years with minor soft tissue 
injuries. There was a low potential risk of local or systemic 
AEs, and indeed, no serious AEs were observed in pediatric 
patients with minor soft tissue injuries receiving FDETS. 
The decline in pain scores for patients aged 12–16 years 

Table 2  Tolerability scores (primary outcome) in all patients aged 6–16 years

Screening was defined as Day 0, i.e., Day 01–02 is 1–2 days after the start of treatment, etc.
SD standard deviation
a Scores of 2 or 3 were not observed

Day  Tolerability score

Value Frequency, n (%)a

Mean ± SD (range) Score = 1 Score = 2

Day 01–02 (n = 104) 0.07 ± 0.25 (0–1) 97 (93.3) 7 (6.7)
Day 03–04 (n = 99) 0.05 ± 0.22 (0–1) 94 (94.9) 5 (5.1)
Day 05–07 (n = 80) 0.05 ± 0.22 (0–1) 76 (95.0) 4 (5.0)
Day 08–11 (n = 29) 0.03 ± 0.19 (0–1) 28 (96.6) 1 (3.4)
Day 12–15 (n = 33) 0.00 ± 0.00 (0–0) 33 (100) 0 (0)
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was similar to adults [11–13]. Systemic diclofenac exposure 
was minimal in the pediatric study population, as has been 
observed in adult patients treated with FDETS. Although 
there was minor age-related variability in mean diclofenac 
concentration 24 h after administration and at the final 
visit—slightly higher diclofenac plasma concentrations were 
observed in the subgroup of younger patients (6–11 years 
old)—this was somewhat to be expected considering the 
smaller surface and blood volume, in average, in this pediatric 

age class as compared to adults. However, the overall similar-
ity between pharmacokinetic profiles and pain score data in 
pediatric subjects and an historical adult population is con-
sistent with that obtained with FDETS in adults, and provides 
evidence that the FDETS delivers diclofenac and reduces 
pain in a similar manner in both pediatric and adult subjects. 
The data suggest that diclofenac plasma concentrations in 
children aged 6–16 years would not be expected to be higher 
than in adults following application of the FDETS according 

Table 3  Number of patients with adverse events

AEs adverse events

Parameter Overall (n = 104) Age 6–11 years (n = 52) Age 12–16 years 
(n = 52)

Number of AEs 54 26 28
Number of patients with AEs, n (%) 32 (30.8) 14 (26.9) 18 (34.6)
AEs occurring in ≥ 2 patients, n (%)
 Headache 9 (8.7) 4 (7.7) 5 (9.6)
 Pruritus 7 (6.7) 2 (3.8) 5 (9.6)
 Nausea 3 (2.9) 1 (1.9) 2 (3.8)
 Stomach discomfort 3 (2.9) 2 (3.8) 1 (1.9)
 Dizziness 2 (1.9) 1 (1.9) 1 (1.9)
 Erythema 2 (1.9) 1 (1.9) 1 (1.9)
 Fatigue 2 (1.9) 0 2 (3.8)
 Upper abdominal pain 2 (1.9) 2 (3.8) 0
 Epistaxis 2 (1.9) 2 (3.8) 0

Fig. 1  Change from baseline in pain scores. Data from the two pedi-
atric cohorts (6–11 years and 12–16 years) were compared with sim-
ilar data from another study in adults (00GB/Fp05) included in the 
Flector New Drug Application submission to the US Food and Drug 
Administration. P values were derived from a generalized estimat-
ing equation (GEE) model with factors for treatment and day, and an 
independent correlation structure for repeated measures

Fig. 2  Plasma levels of diclofenac. Data from children aged 
6–11  years and 12–16  years were compared to adults treated with 
either FDETS (two DETS/day for 4 days) or a single oral dose of 
50  mg diclofenac sodium. Adult data were included in the Flector 
New Drug Application submission to the US Food and Drug Admin-
istration (Study CRO-PK-01-72). P values were derived from a gen-
eralized estimating equation (GEE) model with a factor for treatment, 
and an independent correlation structure for repeated measures. Cmax 
maximum plasma concentration
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to current labeling, and safety data generated in the current 
pediatric study further suggest they are unlikely to experience 
safety issues not previously reported in older subjects.

The safety profile for FDETS in children was also similar 
to that in adults [11–13], with the most common AEs being 
headache (8.7%) and pruritus (6.7%). In the pediatric popula-
tion, gastrointestinal (GI) events occurred in 9.6% of patients, 
of which nausea occurred in 2.9%, abdominal discomfort in 
2.9%, and upper abdominal pain in 1.9%, only one of which 
(nausea) was considered to be treatment-related. A pooled 
analysis of published FDETS data (n = 890) indicated a simi-
larly low incidence of GI AEs: nausea in 1.5%, abdominal 
discomfort in 0.6%, and abdominal pain in 0.4% [21]. In par-
ticular, the low incidence of GI AEs following application of 
FDETS makes it an attractive treatment option for children.

Faint redness was the only response to FDETS noted by 
the Investigators in local tolerability assessments. This was 
consistent with data in adults showing that FDETS exhibited 
local tolerability comparable to a placebo topical system [11, 
13]. There were no unique safety signals in the pediatric 
population that might change the product's risk profile in 
this patient group compared with adults.

The analgesic response over the first 7 days of treatment 
was greater in the patients aged 6–11 years than in patients 
aged 12–16 years, and the overall response was significantly 
better in comparison to both the older pediatric cohort as 
well as an adult historical control group. The superior anal-
gesic response in the young pediatric patients was not cor-
related with diclofenac plasma concentrations as these were 
quite low and correspondingly variable, suggesting that 
plasma concentrations may not be correlated with tissue 
concentrations attained under the topical system.

Children treated with FDETS had low systemic exposure 
to diclofenac. Although the younger cohort had significantly 
higher diclofenac plasma concentrations than either the older 
pediatric patients or an adult historical control group, it is 
not clear whether this is due to differences in the histology 
of the skin of the younger children or other factors. Most 
importantly, however, plasma concentrations of diclofenac 
following oral dosing with diclofenac in adults were > 500-
fold greater than those resulting from FDETS exposure of 
either children or adults (Study CRO-PK-01-72), highlight-
ing the principal advantage of FDETS over any systemic 
analgesic, including NSAIDs and acetaminophen.

The topical route of drug administration is attractive for 
treating children with minor soft tissue injuries because 
they sometimes have difficulty swallowing tablets or cap-
sules, and because their skin is well perfused but relatively 
thin [22]. Importantly, the data show FDETS has excellent 
local and systemic tolerability with no evidence of allergic 
reactions.

4.1  Limitations

The present study has three main limitations: the first limita-
tion is the absence of blinding (i.e., the open-label design); 
the second is the lack of a concurrent control group (e.g., a 
placebo topical system); and the third is the use of historical 
adult data.

5  Conclusions

This study demonstrates that FDETS can safely and effec-
tively provide pain relief for minor soft tissue injuries in 
pediatric patients, with minimal systemic NSAID exposure 
and low potential risk of either local or systemic AEs. The 
safety, efficacy, and pharmacokinetic profile of the FLEC-
TOR topical system in the pediatric population was consist-
ent with data in adults obtained from a previous study.
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