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Background: Nonsteroidal anti-inflammatory drug (NSAID) patches are convenient for use and 

show much less gastrointestinal side effects than oral NSAIDs, whereas its percutaneous absorp-

tion is not sufficient for the expression of clinical efficacy at satisfactory level. S-flurbiprofen 

plaster (SFPP) has shown dramatic improvement in percutaneous absorption results from animal 

and clinical studies. In this study, the efficacy and safety of SFPP were compared with placebo 

in patients with knee osteoarthritis (OA) to determine its optimal dose. This was a multicenter, 

randomized, double-blind, parallel-group comparative study.

Patients and methods: Enrolled 509 knee OA patients were treated with placebo or SFPP 

at 10, 20, or 40 mg applied on the affected site once daily for 2 weeks. The primary endpoint 

for efficacy was improvement in knee pain on rising from the chair assessed by visual analog 

scale (VAS). The other endpoints were clinical symptoms, pain on walking, and global assess-

ment by both investigator and patient. Safety was evaluated by observing adverse events (AEs).

Results: VAS change in knee pain from baseline to trial end was dose-dependent, least squares 

mean was 29.5, 31.5, 32.0, and 35.6 mm in placebo and SFPP 10, 20, and 40 mg, respectively. 

A significant difference was observed between placebo and SFPP 40 mg (P=0.001). In con-

trast, the effect of SFPP at a dose ≤20 mg was not significantly different from that of placebo. 

The proportion of the patients who achieved 50% pain relief was 72.4% in 40 mg and 51.2% 

in placebo (P<0.001). In all other endpoints, SFPP 40 mg showed significant improvement 

compared with placebo. The incidence of AEs was not different across all four groups, and no 

severe AEs were observed.

Conclusion: Clinically relevant pain relief was observed in all groups including placebo. 

Especially 40 mg showed remarkable pain relief in not only primary endpoint but also all the 

other endpoint with significant differences over placebo. The safety profile of SFPP 40 mg was 

not different from that of placebo. Therefore, 40 mg was determined as the optimal tested dose.

Keywords: nonsteroidal anti-inflammatory drugs, patch, double-blind, visual analog scale, 

topical, optimal dose,  randomized controlled trial

Introduction
Osteoarthritis (OA) is a disease characterized by chronic pain, inflammation, and 

impaired overall functioning, significantly affecting the quality of life.1,2 Incidence of 

OA is increasing by rising aged population, and it is highly prevalent.3,4

Among the pharmacological treatments for symptomatic OA, nonsteroidal anti-

inflammatory drugs (NSAIDs) are widely used.5–7 However, NSAIDs are known to have 

a risk of adverse reactions related to class effects of NSAIDs such as  gastrointestinal 
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disorders.8–10 On the contrary, topical administration of 

NSAIDs leads to lower risk of gastrointestinal disorder6 

because they generally indicate lower systemic concentra-

tion and avoid the direct action to gastrointestinal mucosa.11

Therefore, it was considered that it would be beneficial 

for OA therapy to employ the favorable characteristics 

of topical NSAIDs and develop a formulation with bet-

ter efficacy. This study developed S-flurbiprofen plaster 

(SFPP), which is a novel topical NSAID patch formulation. 

To maximize the efficacy of the topical formulation, the 

potent cyclooxygenase inhibitory NSAID S-flurbiprofen 

was selected12,13 and the SFPP formulation was designed to 

allow sufficient deep-tissue penetration of S-flurbiprofen. To 

improve penetration of S-flurbiprofen into deeper tissues, a 

tape-type patch with superior percutaneous absorption was 

selected as the dosage form, along with additional efforts 

to maximize the formulation performance. Drug products 

containing racemic flurbiprofen are commercially available 

as oral formulations,14 patches,15 and injectable solution16 and 

are used widely and globally.

SFPP has been shown to be superior to existing NSAID 

patch products in terms of percutaneous absorption, anal-

gesic, and anti-inflammatory effects in in vivo studies.17,18 

In a study conducted in healthy adult males, SFPP provided 

sustained and stable plasma levels of S-flurbiprofen.19 Fur-

thermore, a study in knee OA patients demonstrated higher 

synovial transfer of S-flurbiprofen compared with that of an 

existing flurbiprofen patch formulation.19 The results from 

these studies support the promising and high efficacy of 

SFPP in OA therapy. This study was conducted in patients 

with symptomatic knee OA, randomized into four groups 

of 10, 20, 40 mg of SFPP treatment and placebo to examine 

the efficacy of SFPP, verify the dose response, and determine 

the optimal dose.

Patients and methods
The study was conducted in Japan according to the Decla-

ration of Helsinki and Good Clinical Practice guidelines. 

In the planning of the study method, we referred to the 

guidelines on clinical study proposals of the European 

Medicines Agency and of the US Food and Drug Admin-

istration.20,21 The study was conducted in a randomized, 

placebo-controlled, double-blind, parallel-group comparison 

design in collaboration with 59 study sites from February 

2009 to August 2010. The study protocol and the informed 

consent form were approved by relevant institutional review 

boards (IRB) (Sapporo  Dermatology Clinic IRB, Yoko-

hama Minoru Clinic IRB, Oikawa Clinic IRB, Sendai IRB, 

Nakajou Orthopaedic Clinic IRB, Maebashi Hirosegawa 

Clinic IRB, NS Clinic IRB, Irahara Primary Care Hospital 

IRB, Meiwa Hospital IRB, Sinagawa East One Medical 

Clinic IRB, Akane Family Clinic IRB, Fussa Hospital IRB, 

Edogawa Hospital IRB, Kita Shinagawa 3rd. Hospital IRB, 

Yokohama Shinmidori General Hospital IRB, Hiratsuka 

Kyosai Hospital IRB, Tana Orthopedic IRB, Aichi Medical 

Association IRB, Fukuoka Shin Mizumaki Hospital IRB, 

and Nagata Orthopedic Hospital IRB). The investigators 

obtained written informed consent from all patients prior 

to study participation.

Patients 
The study enrolled knee OA patients aged ≥20 years who had 

pain symptoms and were classified as Kellgren–Lawrence 

grade22 II or III (grade of knee for evaluation is the same 

or heavier than the grade of knee not for evaluation) in the 

central assessment of X-ray findings. Each patient visited the 

study site weekly for a total of five times during the study 

period (Figure 1).

To achieve the accurate evaluation of the efficacy, those 

patients who had unilateral knee affected or who had much 

less pain in not evaluated knee than evaluated knee or patients 

who did not need treatment for not evaluated knee were 

enrolled. Furthermore, less pain in not evaluated knee than 

evaluated knee throughout the observation period (from first 

visit to third visit) was confirmed using the diary written by 

patients.

The patients were eligible if they had been using any oral 

and/or topical NSAIDs continuously to treat their evaluated 

knee for at least 3 weeks prior to the screening visit (first 

visit). In addition, the following inclusion criteria were used 

for pain on rising from the chair as determined by the visual 

analog scale (rVAS) (a 100-mm VAS, see the “Efficacy 

assessments” section) to select patients who were suitable 

for the NSAID efficacy evaluation based on published study 

protocols.23–25

•	 rVAS before wash-out of prior NSAIDs: <80 mm (at 

second visit)

•	 rVAS after wash-out: ≥40 mm (at third visit)

•	 Difference of rVAS before and after wash-out: ≥15 mm 

(ie, worsening of pain)

Furthermore, worsening of the pain on ascending or 

descending stairs by at least 1 point (on a 4-point scale) by 

the investigator’s assessment through wash-out was also 

added to the inclusion criteria (see the “Efficacy assess-

ments” section).
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Patients were excluded from the study if any of the fol-

lowing criteria were met:

•	 Complication of rheumatoid arthritis

•	 History of knee surgery

•	 Complication due to a malignant tumor, neuropsychiatric 

disease, serious cardiac disease, renal disease, or hepatic 

disease

•	 Taking oral steroid, administrating intra-articular steroid 

or needle puncture and aspiration within 13 days prior to 

the first visit

•	 Administering intra-articular hyaluronic acid or local 

anesthetics within 6 days prior to the first visit

Treatment
Four patches containing 0 (ie, placebo), 10, 20, or 40 mg 

of S-flurbiprofen (10×14 cm, from Tokuhon Corporation, 

Tokyo, Japan) were used. Each patch contained 36.2–37.0 mg 

of peppermint oil. The formulations were indistinguishable 

from each other. Patients whose eligibility was confirmed 

at the baseline visit (third visit) were randomly assigned to 

treatment with one of placebo or SFPP 10, 20, or 40 mg in a 

ratio of 1:1:1:1. Randomization was performed by the per-

muted block method with block size of four and the block size 

was also blinded. The third person prepared randomization 

codes in an environment separated from the persons/parties 

concerned using random numbers from PLAN Procedure 

of SAS®9.1.3. Randomization codes were concealed until 

database lock. Each patient applied one patch of the assigned 

study drug to cover their tender point of evaluated knee and 

replaced the patch once daily for 2 weeks.20,26 All concerned 

parties in the study were blinded throughout the study period.

No rescue medication was allowed during the treatment 

period. The following treatments were not allowed during 

the treatment period:

•	 Systemic and topical NSAIDs

•	 Opioid analgesics

•	 Paracetamol

•	 Corticosteroids, except topical corticosteroids

•	 Intra-articular knee injections (hyaluronic acid injection, 

local anesthetics)

•	 Psychotropic drug

•	 Antiulcer and gastrointestinal agents

•	 Agents known to interact with flurbiprofen, such as 

lithium

•	 Surgical therapy

•	 Needle puncture and aspiration

Exercise and physical therapy of lower leg and hip 

were continued if they were started at least 2 weeks prior 

to the screening visit (first visit). Those patients who 

Prior NSAIDs

1st visit
(Screening)

2nd visit
(Wash out)

3rd visit
(Baseline)

4th visit
(Week 1)

5th visit
(Week 2)

Efficacy

Safety

rVAS

wVAS

Investigator’s global assessment

Adverse events
Laboratory tests

Blood pressure and pulse rate

tCS

Treatment

Patient’s global assessment

Figure 1 Study schedule.
Notes: Each patient made weekly visits. At the first visit (screening), the investigator verified the eligibility for study participation. At the second visit (wash out), any ongoing 
NSAIDs treatment was discontinued to exclude its potential effect on the study. At the third visit (baseline), the investigator verified the conformity with the inclusion 
criteria and initiated the assigned study treatment. The investigator assessed the efficacy and safety variables at the fourth and fifth visits (week 1 and 2) and completed the 
observation on the fifth visit unless there were ongoing adverse events to be followed up. Thick arrow, treatment; thin arrow, daily evaluations; circle, evaluations at the 
time of visit.
Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs; rVAS, pain on rising from the chair as determined by visual analogue scale; tCS, total clinical symptoms score; 
wVAS, pain on walking as determined by visual analog scale.
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started the exercise or physical therapy within 13 days 

prior to the first visit were excluded. Patients were not 

allowed to start the exercise and physical therapy after 

study had been started.

Efficacy assessments
The primary efficacy endpoint was the change in rVAS 

(ΔrVAS) from baseline to the end of study which was at 

the fifth visit or the visit when the application was stopped. 

For the selection of primary endpoint, we set the first prior-

ity on minimizing the deviation among the study sites and 

the reproducibility. The knee pain on rising is one of the 

symptoms seen most frequently in knee OA, and it occurs 

from early to late stage in knee OA. Therefore, the evalu-

ation of knee pain on rising from the chair was selected, 

and the whole procedure for assessment was standardized 

throughout the study sites. All study sites used same chairs 

and adjusted the seat height for a sitting knee angle of 110° 

according to the patient’s height. Each patient was instructed 

to sit on the chair, rest for 5 minutes, and then rise up without 

any support. The knee pain on rising from the chair was rated 

on a 100-mm VAS. The pain assessment was performed in 

the presence of the clinical research coordinators (each study 

site had their own) following the standardized procedure at 

all study sites.

The secondary efficacy endpoint was the total clinical 

symptoms score (the change from baseline; ΔtCS). The clini-

cal symptoms were assessed by the investigator at all visits 

for the following nine components on a 4-point scale (none, 

mild, moderate, or severe).27,28

•	 Components of pain: passive exercise, ascending or 

descending stairs, rest, and tenderness

•	 Components of inflammation: swelling and ballottement 

of the patella

•	 Components of disability of active daily living: sitting 

and rising up motion, and walking

The other endpoints included the change in knee pain 

on walking assessed by VAS (ΔwVAS), investigator’s global 

assessment, and patient’s global assessment. For the assess-

ment of wVAS, each patient was instructed to self-assess 

the knee pain during walking by VAS daily using a diary. 

The investigator’s and patient’s global assessments were 

performed by the investigator and the patient, respectively, at 

the end of the study using a 5-point scale (marked, moderate, 

mild, no change, or worse).28 A good  correlation between 

ΔrVAS and investigator’s global assessment had been 

observed in the previous clinical knee OA study.

Safety assessments
The investigator examined the adverse events (AEs) through-

out the study period (Figure 1). The investigator also deter-

mined the causal relationship of each AE to the study drug. 

In addition, the investigator rated the severity of each AE on a 

3-point scale (mild = treatment not required or daily living not 

affected, moderate = some treatment required, and severe = 

particular emergency treatment required).

In order to evaluate safety of SFPP and influence on the 

results of test, the investigator performed laboratory testing 

and measured blood pressure and pulse rate according to the 

schedule shown in Figure 1. Parameters of laboratory testing 

were hematology (red blood cell count, hemoglobin, hema-

tocrit, white blood cell count, white blood cell classification, 

and platelets), blood chemistry (aspartate aminotransferase, 

alanine aminotransferase, γ-glutamyltransferase, alkaline 

phosphatase, total bilirubin, lactate dehydrogenase, blood 

urea nitrogen (BUN), creatinine, total protein, sodium, 

potassium, chloride, and calcium), and urinalysis (protein, 

glucose, urobilinogen, and hemoglobin). The investiga-

tor assessed each parameter for the presence of abnormal 

variations by considering whether the change was clini-

cally significant. If an abnormal variation was found, it was 

reported as an AE.

Statistical methods
The mean (standard deviation) of ΔrVAS was 30.1 (17.9) and 

39.2 (16.6) mm in placebo and SFPP 40 mg group in the pre-

vious clinical knee OA study. Then 123 patients per treatment 

group would be necessary to confirm the superiority of SFPP 

to placebo with a difference in ΔrVAS of 9.1 mm between 

the groups, at a significance level of 2.5% (one-sided) and 

with a power of 90%, based on the double confidence limits 

method, that is, sample size estimation which used the lower 

confidence limit of mean and the upper confidence limit of 

standard deviation. Because of the assumption that some 

patients will not complete the study, 125 patients were needed 

in each treatment group.

All the analyses were carried out according to the 

pre-specified statistical analysis plan by using SAS®9.1.3. 

Significance levels were 2.5% (one-sided) at the primary 

analysis and 15% (two-sided) at the comparison of baseline 

characteristics. Adjustment for multiplicity in the primary 

outcome was carried out by using the fixed-sequence  testing 

method, which compared the higher SFPP dose groups and 

placebo group in turn. Multiplicity in other outcomes was 

not adjusted because these analyses were exploratory. Miss-

ing data at the end of the study were imputed by using the 
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last observation carried forward method; missing data at 

other time-points were not imputed. Normal probability plot 

and Shapiro–Wilk test were used to evaluate whether the 

assumptions of normality and homogeneity of variance were 

reasonable. No interim analysis was performed in this study.

For efficacy analyses, the primary population was the full 

analysis set (FAS; it is also called modified intention-to-treat, 

mITT, population), which comprised all patients who had 

applied the study drug at least once, and for whom one effi-

cacy data had been obtained at least after the application. The 

means of primary outcome and other continuous outcomes 

were analyzed with analysis of covariance (ANCOVA) by 

using the treatment group as a fixed effect and the baseline as 

a covariate. The medians of primary outcome were analyzed 

by using Wilcoxon’s rank-sum test. Analyses for rVAS were 

performed by using two efficacy criteria: a moderate (30% 

pain relief) and substantial (50% pain relief) reduction in 

pain. Categorical outcomes were analyzed using Wilcoxon’s 

rank-sum test or χ2 test. In addition, the dose–response was 

evaluated by using contrasts for continuous outcomes.

Safety analyses were based on the safety population, 

which comprised all patients who had applied the study 

drug at least once. The number and percentage of patients 

who had an AE were summarized by using the Medical 

Dictionary for Regulatory Activities (MedDRA/J ver.13.0) 

terminology (preferred term). The incidence proportions of 

AEs and treatment-related AEs were analyzed by using the 

χ2 test without continuity correction or Fisher’s exact test 

when appropriate. Since SFPP is a topical formulation, AEs 

were assessed separately for local AEs at the application sites 

(skin symptoms) and systemic AEs. Continuous outcomes 

in the laboratory tests, blood pressure, and pulse rate were 

analyzed by using Student’s t-test.

Results
Patients
A total of 765 patients underwent screening, 509 of whom 

were randomly assigned to four groups and received the 

assigned treatment; 498 (97.8%) completed and 11 (2.2%) 

discontinued the study (Figure 2). All 509 randomized 

patients were included in the primary outcome analysis set. 

The baseline characteristics of the patients in the analysis 

set showed no statistical significant differences across the 

treatment groups (Table 1).

Screened N = 765

Randomized n = 509

Placebo
n = 127

SFPP 10 mg
n = 121

SFPP 20 mg
n = 127

SFPP 40 mg
n = 134

Excluded n = 256
• Did not meet criteria∗ n = 227

• Lack of efficacy
  n = 1
• Adverse events
  n = 2

• Adverse event
  n = 1

Completed
n = 124

Completed
n = 120

Completed
n = 125

Completed
n = 129

• Adverse event
  n = 1

• Adverse event
  n = 1
• Consent withdrawal
  n = 3

• Complication n = 1

• Consent withdrawal
  n = 1

• No longer willing to participate n = 14
• Others† n = 15

Figure 2 Flowchart representing the patients throughout the study.
Notes: *Inadequate rVAS, KL grade, complications, concomitant drugs, and others. †Patients who could not perform pain assessment according to the standard procedure 
and who had inadequate laboratory test results at the baseline, and others. 
Abbreviations: SFPP, S-flurbiprofen plaster; rVAS, pain on rising from the chair as determined by visual analogue scale; KL grade, Kellgren–Lawrence X-ray grade.
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Efficacy
At the end of the study, the least squares mean (95% confi-

dence interval) of ΔrVAS was 29.5 (26.7–32.4) mm and  35.6 

(32.9–38.4) mm in placebo and SFPP 40 mg group (Table 2). 

A significant difference was observed between placebo and 

SFPP 40 mg group (P=0.001, Figure 3A and B). In an explor-

atory dose–response analysis using the ΔrVAS comparison, 

(−3 −1 1 3) afforded a high goodness of fit at the end of the 

study (P=0.004). The proportion of patients who achieved 

substantial (50% pain relief) pain reduction was 51.2% 

(65/127) in placebo and 72.4% (97/134) in SFPP 40 mg with 

significant difference (P<0.001) (Table 3). Dose dependency 

was observed in the substantial pain reduction. On the con-

trary, dose dependency was not observed in the proportion of 

patients who achieved moderate reduction in pain.

At the end of the study, the least squares mean (95% 

confidence interval) of ΔtCS of SFPP 40 mg group was 6.5 

(5.9–7.0), which was significantly larger than that of placebo 

group 5.3 (4.7–5.9) (P=0.002, Table 4, Figure 3C and D). 

At the end of the study, the least squares mean (95% 

confidence interval) of ΔwVAS of SFPP 40 mg group was 

19.7 (17.1–22.3) mm which was significantly larger than 

that of placebo group 14.8 (12.2–17.5) mm (P=0.005, Table 

5, Figure 3E and F). In addition, SFPP 40 mg group showed 

significantly different ΔwVAS from that of placebo group at 

the day after treatment initiation (P=0.014).

In the investigator’s global assessment, a significant dif-

ference was only detected between SFPP 40 mg and placebo 

group (P=0.003) in the intergroup comparisons (Figure 4A). 

In the patient’s global assessment, a significant difference was 

detected for SFPP 40 mg versus placebo group and SFPP 20 

mg versus placebo group (P=0.003 and 0.045, respectively) 

in the intergroup comparisons (Figure 4B).

Results of efficacy from the data set, which consists of the 

patients who completely followed the study protocol, were 

similar to FAS results mentioned earlier (data not shown).

Safety
The AEs at the application site were reported in all groups, 

details were 5.5%, 9.9%, 3.9%, and 10.4% in placebo, SFPP 

10, 20, and 40 mg, respectively (Table 6). AE incidence rate 

at the application site was not significantly different across 

the treatment groups and indicated the absence of dose 

dependency. All AEs at application site were drug-related. A 

total of 35 of 38 AEs were rated as mild, and none of those 

was rated as severe. AEs leading to discontinuation of study 

treatment were reported in one subject in each group. 

The incidence rate of systemic and drug-related AEs of 

which the causal relationships were determined by the inves-

tigators before key code breaking were 2.4%, 4.1%, 3.9%, 

and 3.7% in placebo, SFPP 10, 20, and 40 mg, respectively 

(Table 6), statistical intergroup difference was not noted in 

these rates, and dose dependency was absent. There were 27 

systemic drug-related AEs in 18 subjects in all groups, 25 and 

2 of which were mild and moderate in severity, respectively. 

About two moderate AEs, glucose urine present in SFPP 

40 mg and gastric ulcer in 20 mg were reported. Gastric 

ulcer with Helicobacter pylori infection was observed in a 

65-year-old female, but did not require inpatient treatment. 

The subject was anemic prior to the initiation of the study 

treatment. The investigator thought that she might have had 

preexisting gastric ulcer, but the investigator did not rule out 

Table 1 Baseline characteristics of the study population (FAS)

Placebo SFPP P-value

10 mg 20 mg 40 mg

Data sets analyzed n = 127 n = 121 n = 127 n = 134

Gender, Female, n (%) 107 (84.3) 99 (81.8) 110 (86.6) 114 (85.1) 0.768*
Age, years, mean (SD) 67.3 (9.1) 66.7 (9.6) 66.4 (9.3) 66.2 (8.6) 0.789†

Weight, kg, mean (SD) 59.69 (10.35) 60.69 (11.51) 59.65 (10.28) 60.58 (9.50) 0.778†

BMI, mean (SD) 24.94 (3.40) 25.08 (3.55) 25.10 (3.80) 25.38 (3.52) 0.784†

Kellgren–Lawrence X-ray grade
Grade II, n (%) 80 (63.0) 87 (71.9) 83 (65.4) 99 (73.9) 0.186*
Grade III, n (%) 47 (37.0) 34 (28.1) 44 (34.6) 35 (26.1)

Exercise and physical therapy, n (%) 45 (35.4) 55 (45.5) 56 (44.1) 53 (39.6) 0.357*
rVAS, mm, mean (SD) 58.3 (13.6) 57.8 (12.3) 56.0 (12.5) 57.0 (12.4) 0.505†

tCS, point, mean (SD) 12.1 (4.2) 12.2 (3.9) 11.8 (4.3) 11.9 (4.2) 0.863†

wVAS, mm, mean (SD) 49.0 (14.6) 47.1 (16.5) 46.7 (16.4) 46.0 (17.3) 0.471†

Notes: *c2 test. †Analysis of variance. The baseline characteristics of the study population showed no statistically significant differences across the treatment groups.
Abbreviations: FAS, full analysis set; SFPP, S-flurbiprofen plaster; SD, standard deviation; BMI, body mass index; rVAS, pain on rising from the chair as determined by the 
visual analog scale; tCS, total clinical symptoms score; wVAS, pain on walking as determined by the visual analog scale.
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Figure 3 SFPP 40 mg showed significant improvement compared with placebo in rVAS, tCS, and wVAS.
Notes: (A) FAS; time-course change in rVAS (mean and standard error). (B) FAS; the least squares mean (95% confidence interval) of ΔrVAS at the end of the study. One 
subject of placebo group was excluded because of lack of data. (C) FAS; time-course change in clinical symptoms (mean and standard error). (D) FAS; the least squares mean 
(95% confidence interval) of ΔtCS at the end of the study. (E) FAS; time-course change in wVAS. Day 1 is the day of initiation of the study drug treatment (mean and standard 
error). (F) FAS; the least squares mean (95% confidence interval) of ΔwVAS at the end of the study. Two subjects of SFPP 40 mg group were excluded because of lack of 
data. (B), (D), and (F) The outcomes were ANCOVA with the treatment group as a fixed effect and the baseline as a covariate (significance levels = 0.025 [one-sided]). 
Abbreviations: rVAS, pain on rising from the chair as determined by visual analog scale; tCS, total clinical symptoms score; wVAS, pain on walking as determined by the 
visual analog scale; FAS, full analysis set; ANCOVA, analysis of covariance; NT, not tested; NS, not significant; SFPP, S-flurbiprofen plaster.
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a causal relationship because the study treatment could have 

been an exacerbating factor. 

Significant differences were detected in some laboratory 

test parameters, blood pressure, and pulse rate data at the end 

of the study as determined in the intergroup comparisons by 

the Student’s t-test (Table 7).

Discussion
In the present study, clinically relevant pain relief (the change 

of rVAS: 29.5–35.6 mm; the change rate: 51.15%−66.89%) 

was observed in all groups including placebo.29–31 Especially 

40 mg showed remarkable pain relief, and a statistical sig-

nificance was observed versus placebo. Although a 6.1 mm 

difference in ΔrVAS between SFPP 40 mg and placebo was 

smaller than the estimated value of 9.1 mm at the planning 

stage, statistical significance was detected. This difference 

was also smaller than those reported in the results of two 

comparative studies of diclofenac patch and placebo.26,32 

Basically, the same inclusion criteria for the pain severity was 

adopted in the present study and the diclofenac studies, and 

the mean values of VAS at baseline were almost the same, 

which ranged from 56.0 to 58.4 mm. However, change of 

rVAS in placebo in the present study (29.5 mm) was larger 

than those in diclofenac studies (17 mm32 and 22.1 mm26). 

We speculated that the reason for the difference was partly 

due to the relatively high content of peppermint oil in placebo 

of the present study. Peppermint oil has “minty” smell and 

contains >30% l-menthol, which has been used widely in 

medicinal preparations for pain relief in arthritis and other 

painful conditions.33,34 So peppermint oil is not suitable for 

the study of analgesic effect of SFP for its analgesic property. 

However, it is indispensable for the improved transdermal 

absorption of SFP. Therefore, peppermint oil was added to 

active drugs and placebo as well to keep the blindness among 

four groups.

The proportion of the patients who achieved moderate 

improvement (achieved 30% pain reduction) was very high 

(75.6%–84.3%). Placebo of topical treatment tends to show 

high efficacy.35,36 Furthermore peppermint oil in placebo in 

the present study must have contributed. On the contrary, 

the proportion achieved substantial improvement (50% pain 

reduction) showed apparent dose-dependency and only 40 

mg exceeded 70%. The difference of 21.2% between SFPP 

40 mg and placebo also indicates the clinically relevant 

improvement.

In addition, all efficacy endpoints including the assess-

ments by patients (rVAS, wVAS, and patient’s global assess-

ment) and investigators (clinical symptoms and investigator’s 

global assessment) also revealed a statistically significant 

Table 3 Number of patients who achieved 30% or 50% pain relief

Placebo SFPP

10 mg 20 mg 40 mg

n 127 121 127 134
30% ≤ pain relief 96 (75.6) 101 (83.5) 105 (82.7) 113 (84.3)
P value* – 0.125 0.165 0.077
50% ≤ pain relief 65 (51.2) 72 (59.5) 84 (66.1) 97 (72.4)
P-value* – 0.188 0.015 <0.001

Notes: Values are shown as n (%). *Comparisons with placebo, c2 test (significance 
levels = 0.05 [two-sided]).
Abbreviation: SFPP, S-flurbiprofen plaster.

Table 4 Overview of the total clinical symptoms score

Week 1 (4th visit) Week 2 (5th visit) End of the study

Placebo SFPP Placebo SFPP Placebo SFPP

10 mg 20 mg 40 mg 10 mg 20 mg 40 mg 10 mg 20 mg 40 mg

n 126 121 126 130 124 120 125 129 127 121 127 134

tCS *
Baseline 
(3rd visit)

12.1 ± 0.4 12.2 ± 0.4 11.7 ± 0.4 11.9 ± 0.4 12.0 ± 0.4 12.2 ± 0.4 11.7 ± 0.4 12.0 ± 0.4 12.1 ± 0.4 12.2 ± 0.4 11.8 ± 0.4 11.9 ± 
0.4

After treatment 8.3 ± 0.4 8.2 ± 0.4 7.2 ± 0.3 7.1 ± 0.3 6.7 ± 0.4 6.7 ± 0.4 5.7 ± 0.3 5.4 ± 0.3 6.7 ± 0.4 6.7 ± 0.4 5.8 ± 0.3 5.5 ± 0.3

ΔtCS† 3.7
(3.2−4.3)

3.9
(3.3−4.4)

4.7
(4.1−5.2)

4.9
(4.3−5.4)

5.3
(4.7−5.9)

5.4
(4.8−6.0)

6.1
(5.5−6.7)

6.5
(6.0−7.1)

5.3
(4.7−5.9)

5.3
(4.7−5.9)

6.1
(5.5−6.7)

6.5
(5.9−7.0)

Difference 
between 
placebo†

– 0.1
(−0.6–0.9)

0.9
(0.2–1.7)

1.1
(0.4–1.9)

– 0.1
(−0.8–0.9)

0.8
(−0.1–1.6)

1.2
(0.4–2.0)

– 0.0
(−0.8–0.9)

0.8
(0.0–1.6)

1.2
(0.4–2.0)

Comparisons 
with placebo: 
P-value‡

– 0.369 0.008 0.002 – 0.449 0.035 0.002 – 0.456 0.025 0.002

Notes: *Mean ± standard error. †Least squares mean (95% confidence interval). ‡Analysis of covariance with the treatment group as a fixed effect and the baseline as a 
covariate (significance levels = 0.025 [one-sided]). End of the study means each patient’s last visit, which was the 5th visit or the visit when the application was stopped.
Abbreviations: SFPP, S-flurbiprofen plaster; tCS, total clinical symptoms score; ΔtCS, change in tCS from baseline.
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difference between SFPP 40 mg and placebo, indicating the 

robust efficacy of SFPP 40 mg.

Test drugs were applied for 2 weeks in this study in 

consideration of EMA guideline20 for clinical investigation 

of topical NSAIDs, which recommends 1–3 weeks. On the 

contrary, practical treatment with NSAIDs tends to be longer 

than 2 or 3 weeks. It is a limitation in terms of generalizability 

of the studies for topical NSAIDs.

In the safety assessment, the incidence of AEs and 

the discontinuation status indicated that SFPP was well 

tolerated. No intergroup difference was noted in the AE 

incidence rate, and most AEs reported in SFPP groups 

were mild in severity. No AEs were rated as severe. All 

local AEs were drug-related, but no intergroup differences 

were found. These AEs reported might not have been caus-

ally related to S-flurbiprofen because no consistent trend 

depending on doses was observed. These AEs might have 

been associated with physical stimuli, such as irritation 

upon patch removal.37

Although topical NSAIDs have a lower risk of gastro-

intestinal disorder compared with oral NSAIDs,6 the use of 

SFPP might increase the risk due to its high percutaneous 

absorption and systemic exposure.19 Nevertheless, the study 

results demonstrated low incidence of gastrointestinal dis-

order in SFPP groups (0%, 0.8%, and 0.7% in SFPP 10, 20, 

and 40 mg, respectively), indicating that SFPP had a similarly 

low risk as that of existing topical NSAIDs.

In other systemic AEs, the increments in BUN in all 

SFPP groups were significantly higher compared with 

those in placebo group, and no significant variation was 

observed in the blood creatinine levels. An increase in 

BUN may lead to renal disorder. Because a long-term 

administration of NSAIDs may result in renal injury as 

a class effect and BUN is one of the biomarkers of renal 

function, the BUN variation needs to be investigated in a 

long-term treatment.

Photosensitivity has been associated with some NSAID 

products,38,39 but no subjects in this study experienced photo-

sensitivity. The nonclinical data indicate that SFPP does not 

cause photosensitivity (unpublished), and this is consistent 

with the results of the present study.

Based on the efficacy and safety results from this study, 

the optimal tested dose of SFPP was determined to be 40 

mg. SFPP is provided in a size (10×14 cm) that is commonly 

used worldwide such as Flector® Patch and TransAct® patch. 

Because this formulation size can contain a maximum of 40 

mg of S-flurbiprofen in a dispersed and soluble state, any 

higher dose could not be evaluated.T
ab
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In future studies, establishing the clinical positioning 

of SFPP by conducting comparative studies to evaluate its 

efficacy against existing NSAID patch products is required. 

In addition, the evaluation of efficacy and safety for the long-

term treatment of SFPP is also required.

Conclusion
Clinically relevant pain relief was observed in all groups 

including placebo. Especially 40 mg showed remarkable pain 

relief in not only primary endpoint but also all the other end-

points with significant differences over placebo. The safety 

profile of SFPP 40 mg was not different from that of placebo. 

Therefore, 40 mg was determined as the optimal tested dose.
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Abbreviations: FAS, full analysis set; NS, not significant; SFPP, S-flurbiprofen plaster.
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Table 6 The incidence of adverse events per treatment group*

Treatment groups Placebo SFPP

10 mg 20 mg 40 mg

Safety population, n 127 121 127 134 
Completed, n (%) 124 (97.6) 120 (99.2) 125 (98.4) 129 (96.3) 
Study discontinuations, n (%)

Caused by AEs 2 (1.6) 1 (0.8) 1 (0.8) 1 (0.7) 
Caused by Drug-related AEs 1 (0.8) 1 (0.8) 1 (0.8) 1 (0.7) 

AEs, n (%)
All-cause 18 (14.2) 19 (15.7) 18 (14.2) 23 (17.2) 
Drug-related 10 (7.9) 16 (13.2) 10 (7.9) 19 (14.2) 

AEs of application site conditions, n (%)
All-cause 7 (5.5) 12 (9.9) 5 (3.9) 14 (10.4)
Drug-related 7 (5.5) 12 (9.9) 5 (3.9) 14 (10.4)

Most common drug-related AEs†

Application site dermatitis 7 (5.5) 8 (6.6) 3 (2.4) 10 (7.5) 
Systemic AEs, n (%)

All-cause 12 (9.4) 10 (8.3) 13 (10.2) 11‡ (8.2)
Drug-related 3 (2.4) 5 (4.1) 5 (3.9) 5 (3.7)

Most common drug-related AEs†

Blood urea increased 1 (0.8) 2 (1.7) 2 (1.6) 3 (2.2) 
Drug-related AEs of gastrointestinal disorders

Gastric ulcer 0 (0.0) 0 (0.0) 1 (0.8) 0 (0.0)
Epigastric discomfort 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.7) 

Notes: *The same patient may be listed under different adverse events. †More than 2% in any of the groups. ‡An AE that led to hospitalization (vertigo) was observed in one 
subject. The investigator ruled out the causal relationship to the study treatment. 
Abbreviations: SFPP, S-flurbiprofen plaster; AEs, adverse events.
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