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Executive Summary:  

Indications: Diclofenac epolamine topical patch (DETP) was FDA approved in the United States in January 2007 for treatment of acute pain due to minor strains, sprains and contusions.  
Efficacy: In two of four major clinical trials, the use of DETP significantly reduced acute pain due to ankle sprains or soft tissue injuries. DETP has a small to moderate analgesic effect, with NNTs of 4 and 6 at day 3; and 12 at day 7 for at least 50% pain reduction versus placebo. 
Head to head trials comparing DETP to oral diclofenac (or any other oral NSAID) have not been conducted. Also, there have been no studies evaluating the use of DETP for longer than 14 days of treatment for the approved indication. 

Safety: There were no significant differences between DETP and placebo with regards to tolerability and adverse events. The most common adverse events reported in these studies include pruritus, application site dermatitis and allergic reactions. 
Dose: The recommended dosage is one patch to the most painful area twice a day.  In clinical studies, the maximum number of patches administered simultaneously was one 180-mg diclofenac epolamine patch. DETP should not be applied to damaged or non-intact skin, nor should the patch be worn during bathing or showering.  
Cost: The daily drug cost for a patient using DETP at the recommended dosage of one patch twice daily for acute pain due to minor strains, sprains and contusions is $6.74.  With respect to drug cost, treatment based on the maximum duration that has been studied (14 days) at the recommended dosage translates to $94.40. Drug cost of oral diclofenac potassium (50 mg thrice daily) and 20 mg omeprazole for 14 days amounts to $4.20. Drug cost of oral diclofenac sodium (50 mg thrice daily or 75 mg twice daily) and 20 mg omeprazole for 14 days would range from $3.08 to $3.78. 

Conclusion:  DETP was shown to have a small to moderate analgesic effect for short-term treatment of minor injuries in European patient populations (NNTs of 4 and 6 at day 3; and 12 at day 7). Its efficacy in U.S. veterans is unclear in the absence of studies involving veterans. In addition, two U.S. trials failed to show significant benefit (but were published in a positive light) and the European trial results have limited generalizability to an older veteran population with multiple comorbidities. 

Tolerability and adverse event rates with DETP are similar to those of placebo patches. When used as indicated, DETP seemed to be associated with low risks, with adverse events being nonserious and mostly confined to the local application area. The safety profile of DETP is consistent with pharmacokinetic data showing low systemic absorption and supported by favorable postmarketing safety experience abroad. Theories that DETP may be safer than oral NSAIDs have not been tested in direct comparative efficacy / safety trials. 

There is insufficient data supporting the use of DETP for longer than 14 days for the approved indication. Data is also lacking for use in elderly patients. For off-label use in chronic pain (e.g., osteoarthritis), the longest study was 15 days. As with topical NSAIDs, salicylates, and capsaicin, the short DETP study durations preclude assessment of long-term efficacy and safety, although there is evidence suggesting that topical NSAIDs lack efficacy in osteoarthritis at weeks 3 and 4. 

The safety of using DETP in patients with contraindications to oral NSAIDs, such as history of peptic ulcer disease and anticoagulant therapy, has not been evaluated. Further trials are needed to compare DETP with nonpharmacologic therapies, other topical analgesics (such as counter-irritants, capsaicin, and salicylates), oral NSAIDs, and acetaminophen; evaluate the safety and effectiveness of chronic episodic use of DETP; assess the safety of concurrent use of DETP and oral NSAIDs; and assess the cost-effectiveness of DETP in veteran patients. 
Besides the question of efficacy in U.S. veterans, the therapeutic role of DETP in the U.S. veteran patient population is unclear because there are a lack of large efficacy and safety trials with alternative OTC topical agents on VA National Formulary (VANF) and a lack of trials comparing DETP with alternative treatments. Trials comparing DETP with any active controls are lacking. Studies comparing formulary topical analgesics with active controls are also lacking, with the exception of limited indirect comparisons suggesting that DETP may have a larger analgesic effect size than diclofenac gel (nonformulary) for short-term (14-day) treatment of osteoarthritic pain. For osteoarthritis, however, the gel formulation is FDA-approved for osteoarthritis and is less costly than DETP. Perhaps the main potential advantage of DETP over diclofenac gel is the provision of a standardized, controlled dose, although there is very limited information supporting better analgesia and patient preference for DETP over the gel.  

There are a number of oral and topical analgesics on VANF that may be used to treat minor sports injuries, and there is a lack of evidence showing that DETP is superior to them. There are also no clinical studies comparing the safety of diclofenac with alternative VANF agents. However, the potential for severe or fatal unintentional or accidental overdoses are likely lower with NSAIDs than salicylates. 



Introduction
Topical NSAIDs, both prescription and nonprescription, have been available in Europe, South America, and Asia since the 1970s. The first topical NSAIDs approved for marketing in the U.S. were diclofenac sodium 3% gel for the treatment of actinic keratosis (2000), followed by diclofenac sodium 1% gel for osteoarthritis pain (2007). Diclofenac epolamine was first marketed in Switzerland in 1993 (as Flector Tissugel®, Institut Biochimique SA, IBSA) and then in 8 other European countries, 8 Latin American countries, 3 Asian countries, and 2 countries in the Middle East. It is the first topical patch form of a nonsteroidal anti-inflammatory drug (NSAID) to be FDA-approved in the U.S. In August 2007, IBSA sold the rights to market the drug in the U.S. to Alpharma, Inc. 
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating diclofenac epolamine topical patch (DETP) for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacokinetics
DETP is a topical as opposed to transdermal patch, meaning that drug is absorbed into the skin locally. Pharmacokinetic data suggest that drug penetrates into affected joints (e.g., synovial fluid) and injured tissue (e.g., muscle) with little systemic absorption. 
 However, early studies showed that only 5% (9 mg) of drug is released from the patch (N = 20), and synovial concentrations are 35.9% lower than those in plasma (N = 8).2 
Diclofenac AUC is about 40 ng·hr/ml after one application of DETP, whereas AUC is about 4500 ng·hr/ml after 150 mg of diclofenac orally (the recommended dose for acute pain).
 Exposure (AUC) and Cmax after 4 days of DETP application are less than 1% of those after a single 50-mg oral diclofenac sodium tablet.2,
 According to the DETP dossier, peak diclofenac plasma concentrations in patients administered a single application of DETP were ~1 ng/mL at all time points.1 In patients administered oral diclofenac (Voltaren®), peak plasma concentrations three hours after administration were ~400ng/mL.1 
According to the Alpharma AMCP dossier, topical administration avoids first-pass metabolism.1 The controlled release of diclofenac is sustained for 12 hours. 

The pharmacokinetic parameters of DETP are summarized in Table 1.

Table 1
Pharmacokinetics
,
 
	Parameter
	Description

	Absorption
	Single application (upper inner arm):
  Cmax, range:  0.7–6 ng/ml

  Tmax, range:  10–20 h

Twice daily application after 5 days:
  Cpss, range:  1.3–8.8 ng/ml

	Metabolism
	Hepatic (glucuronidation and sulfation)

	Elimination
	Renal (65%) and biliary (35%) excretion of the glucuronide and the sulfate conjugates of the metabolites

	Half-life
	~12 hours

	Protein Binding
	>99%


Moderate exercise was shown to increase the systemic absorption of DETP by about 35%.2 Plasma levels were still well below those achieved with a single oral dose of diclofenac and the increase in absorption was not felt to be clinically meaningful. 
The effects of overlays (such as taping or applying occlusive dressings over DETP) were not evaluated. According to the FDA medical reviewer, even if overlays caused absorption of the entire 180-mg dose of diclofenac from the patch, plasma levels would approximate those produced by 150–200 mg of oral diclofenac, which is the recommended dose shown to be safe.2 

FDA Approved Indication(s) and Off-label Uses1
FDA approved:
Acute pain due to minor strains, sprains and contusions.
The product information advises to “carefully consider the potential benefits and risks of [DETP] and other treatment options before deciding to use [DETP]. Use the lowest effective dose for the shortest duration consistent with individual patient treatment goals.” 
Potential off-label uses (controlled clinical trials):
Key:  DB, Double-blind; MC, Multicenter; PC, Placebo-controlled; RCT, Randomized clinical trial
Osteoarthritis of the knee—Two DB PC RCTs (N = 155 and 103)6,7 and pooled analysis (NNT = 3 for at least 50% pain reduction; effect size 0.75).
 Two additional placebo-controlled studies (N = 20 and 26; Giamberardino [2005] / IBSA data on file).1 
Localized inflammatory diseases (periarthropathies, epicondylitis / styloiditis, tendinitis / bursitis)—Active-controlled RCT (N = 190) showed that diclofenac hydroxyethylpyrrolidine (DHEP / DETP) 180-mg plasters was statistically superior to diclofenac diethylammonium (DDA / Voltaren) 1.16% Emulgel in reducing pain and pain on pressure.1,
 
Localized inflammatory diseases (periarticular pathology during rheumatic disease, inflammatory extraarticular pathology)—placebo-controlled trial (N = 60)1,
 
Localized inflammatory diseases (isolated periarticular and/or tendinous pathologies [tendinitis, bursitis, epicondylitis], and inflammatory extraarticular pathologies)—placebo-controlled trial (N = 61) (IBSA data on file)1
Localized inflammatory disease (tendinopathies of the shoulder and knee)—crossover study showed no statistically significant treatment effect in 80 elderly patients (abstract only).8
Localized inflammatory diseases (bilateral gonarthritis resistant to systemic antirheumatic treatments)—abstract of DB RCT (N = 20, 40 knees).9
Acute thrombophlebitis—Open-label study comparing DETP with usual therapy (local heparin gel / and an oral NSAID) for 10 days (with follow-up to 14 days).1 
Venous cannulation and post surgical pain—One placebo- and EMLA-controlled DB RCT (N = 450) showed “equal” efficacy between DETP and EMLA with lower incidence of skin blanching and PVT with DETP than EMLA.10 Two placebo-controlled trials, N = 72 and 120 showed analgesic benefit with DETP.
,

Brief summaries of these studies are available in Appendix Table 9 on page 22.
Current VA National Formulary Alternatives

Topical Analgesics
Camphor 0.5% / Menthol 0.5% Lotion

Menthol / Methylsalicylate 10%–15% (Low concentration) Cream 
Menthol / Methylsalicylate 16%–30% (High concentration) Cream

Capsaicin cream

Oral and Injectable NSAIDs
Diclofenac tablets
Etodolac capsules, tablets

Ibuprofen suspension, tablets

Indomethacin capsules

Ketorolac injection

Naproxen tablets

Piroxicam capsules

Sulindac tablets
Nonformulary Alternatives

Diclofenac Sodium Gel 1%
FDA-approved Indication:  Osteoarthritis
Systemic Absorption (160 mg/d diclofenac gel vs. 150 mg/d diclofenac tablets):  AUC averages 6% (95% CI:  5.0–6.7) of AUC from oral dose (about 6 times greater than DETP 180 mg). Cmax 15 ng/ml (0.6% of oral dose; 95% CI:  0.5–0.7). Based on AUC and Cmax data, 12 grams of diclofenac sodium gel is roughly equivalent to 10 mg of oral diclofenac. No significant differences have been observed in diclofenac systemic absorption or tolerability between applications after moderate heat or after moderate exercise versus without these conditions.
 However, the pharmacokinetics of diclofenac gel were not tested when gel was applied before heat and therefore, its concurrent use with heat is not recommended.
For indirect comparison of analgesic effect sizes in osteoarthritis, see meta-analysis by Lin et al (2004) in Appendix Table 10 on page 24. This meta-analysis does not include the major efficacy/safety trials that supported FDA approval of the 1% gel in osteoarthritis. In the meta-analysis, effect sizes (relative to placebo) seem to be medium to large (0.71–1.08) with DETP and small to medium (0.31–0.66) with diclofenac gel. These results should be interpreted with caution because they are based on indirect comparisons. There was insufficient data in the FDA medical and statistical reviews of diclofenac sodium gel to calculate effect sizes for the major efficacy/safety trials in osteoarthritis.
For a brief summary of meta-analyses evaluating topical NSAIDs with topical salicylates and capsaicin and with oral NSAIDs, see Brief Summary of Other Studies Relevant to Topical NSAIDs in Appendix, page 28.
Dosage and Administration1
DETP is a 10 x 14-cm matrix system patch containing 1.3% diclofenac epolamine. It does not release diclofenac when cut. 

Recommended dose: One patch (180 mg diclofenac epolamine, 1.3%) to the most painful area twice a day.
In clinical studies, the maximum number of patches administered simultaneously was one 180 mg diclofenac epolamine patch.

DETP should not be applied to damaged or non-intact skin.

DETP should not be worn when bathing or showering.
Wash hands after handling.

Five patches come in a resealable pouch.

Efficacy 

Two U.S. trials originally submitted to the FDA in 2000 failed to show significant analgesic benefit with DETP in the treatment of minor sports-related soft tissue injuries.1,
 Two European trials submitted in 2006 showed that DETP was efficacious for the approved indication.
,
  In total, 1185 patients (590 DETP and 595 placebo) were randomized in the four Phase 3 trials and 1136 patients (572 DETP and 564 placebo) were included in intent-to-treat analyses. However, only the results of the two European trials were included in FDA efficacy datasets.
The literature search found no head to head trials comparing DETP to oral diclofenac (or any other oral NSAID). Also, the search found no studies evaluating the use of DETP for longer than 15 days of treatment for any indication.
Efficacy Measures1
Primary efficacy endpoints:
· Pain on active mobilization

· Spontaneous pain score

· Pain on pressure score

Secondary efficacy endpoints:

· Pain at rest
· Pain on passive stretch

· Pain on pressure

· Pain on single foot leaning

· Paracetamol (acetaminophen) consumption

· Global response

· Degree of swelling at injury site

· Time to pain resolution

Summary of efficacy findings 

· Two European trials were able to show statistically significant efficacy of DETP in reducing pain due to minor injuries. Two U.S. trials originally failed to show significant treatment differences in analgesic effects but reportedly showed some evidence of an analgesic effect in post hoc re-analyses. The nature of that evidence is uncertain because data of the re-analyses were not available.
· Based primarily on the results of the two positive clinical trials (total N = 552, DETP N = 275), DETP has a small to moderate degree of efficacy in reducing pain due to minor injuries.

· DETP exceeded a marked placebo response by 10 to 20 percentage points.

· NNTs for at least 50% reduction in pain were 4 and 6 at day 3, and 12 at day 7.

· DETP was not shown to be efficacious in reducing swelling in the two pivotal trials; however, one of the supportive trials showed a statistically beneficial effect on ankle swelling.

· Applicability of results to the U.S. veteran population is questionable because U.S. trials failed to show significant benefit using predefined outcome measures. Applicability of results from the European trials is also limited because those trials excluded patients with pre-trial analgesic use (OTC and Rx) and comorbidities (i.e., cardiac impairment, history of chronic pain, history of GI bleeds/ulcers, and a history of liver/kidney disease). In addition, the mean age of study participants (range of means, 31 to 40 years) was younger than the typical veteran population..
Pivotal Clinical Trials

Two manufacturer-sponsored major efficacy/safety trials were submitted to FDA for marketing application.
Joussellin et al. conducted a randomized, multicenter, double-blinded, placebo-controlled parallel group, Phase 3 study (French Study 05-05-98).13  This study compared the efficacy and safety of DETP to a placebo patch in patients who required treatment for minor ankle sprains with visual analog scale (VAS) pain score > 50 mm on a 0 to 100 scale.  Sixty-eight patients were randomized to DETP and 66 patients to placebo once daily for seven days. Allowed co-therapies were use of ice and acetaminophen within 3 hours of DETP application. Oral analgesics and other topical NSAIDs were not allowed. According to the manufacturer’s AMCP dossier, the primary efficacy variable was pain on active mobilization (per patient diary) on the 100-mm VAS, with the primary pain analyses being presented across time and as a percentage decrease from baseline. According to the FDA medical reviewer, the primary outcome measure was not clearly stated and appeared to be the “mean pain score at endpoint” on a 100-mm VAS. Mean age overall was 31.5 years and 72 (53.7%) of the patients were males. 
Baseline degree of swelling was similar between the two groups. Dropouts were low (6% in each treatment group) and most commonly due to lack of efficacy (0% DETP, 4% placebo) and loss to follow-up (6% DETP, 0% placebo). 
According to the AMCP dossier, spontaneous pain was significantly less in the DETP treatment group from the fourth hour of treatment to the end of day 7. Pain scores decreased from baseline to day 3 by 74.7% on DETP and 59.4% on placebo (calculated difference, 15.3; p = 0.0032). The corresponding percentages for reduction in pain from baseline to day 7 were 84.3% and 74.0% (calculated difference, 10.3; p = 0.0185) The percentage decrease from baseline in overall group means of VAS pain scores were 78% in the DETP group and 59% for placebo at day 3, and 88% and 74%, respectively, at day 7 (p < 0.0001 for both comparisons). 
FDA analyses showed that the VAS score (least square [LS] mean, SE) at day 3 was 17.8 (3.2) on DETP and 30.5 (3.5) on placebo (LS mean difference, –12.7; p = 0.001). VAS score at day 7 was 12.1 (2.8) on DETP and 21.4 (3.1) on placebo (LS mean difference, –9.3; p = 0.004). The change in VAS scores (LS mean, SE) from baseline to day 3 was –50.8 (2.5) on DETP and –39.6 (2.6) on placebo (LS mean difference, –11.2; –18.4 to –4.0; p = 0.003; calculated SMD 0.54, medium). The change in VAS scores to day 7 was –57.0 (2.2) on DETP and ‑49.8 (2.3) on placebo (LS mean difference, –7.2; –13.6 to –0.9; p = 0.027; calculated SMD 0.39, small). Overall efficacy in the DETP group (as determined by the investigator) was superior at days 3 and 7 to those receiving placebo patches (p<0.05). Secondary efficacy variables (pain at rest, pain on passive stretch, and pain on palpation) showed statistically significant differences in favor of DETP at days 3 and 7. Patients’ self evaluation of their response to therapy was more favorable in the DETP group than in the placebo group at days 3 and 7 (p<0.05).  
There were no significant differences between the two groups with regards to tolerability and adverse events.  The placebo group reported a total of three AEs (pruritis [2 events] and application site burning) and the DETP group reported a total of two AEs (pruritus and allergic reactions). 
According to the FDA medical reviewer, there was a greater percentage of responders in the DETP group for all definitions of response at both day 3 (84% vs. 62%) and day 7 (90% vs. 82%). For at least 50% pain reduction, the calculated NNT was 5 (95% CI:  3–15) at day 3, and not calculated (no significant treatment difference) at day 7 (also see Appendix Table 6, page 19).
Beks et al. also compared the efficacy and safety of DETP to a placebo patch in a multicenter, randomized, double blinded, placebo controlled, Phase 3 study (UK/Germany Study 00GB/Fp05). Four hundred eighteen patients suffering from soft tissue injuries (contusions, strains, sprains and other soft tissue injuries with mild swelling) incurred within the previous 7 days and who had spontaneous pain rated at least 5 on a 0–10 VAS were included in a 14-day study at 8 centers in Germany and 6 centers in the United Kingdom.  Patients were randomized to receive either DETP (N = 207) or placebo (N = 211) patches twice daily until resolution of pain (defined as four consecutive pain scores of ≤ 2 for a maximum of 14 days. Co-therapies with other topical medications and ice was not allowed. Initially, co-medication with OTC analgesics or NSAIDs within 36 hours of study entry was prohibited. To improve enrollment, entry criteria were later modified to allow for injury up to 7 days before enrollment, and NSAID or acetaminophen use up to 6 hours before enrollment. 
The original primary efficacy end point, time to significant pain resolution or discontinuation of treatment, was changed under blinded conditions to mean post-treatment pain score over the 14-day treatment period divided by the baseline score using data for all patients. This change was made because patients who improved to low pain scores and stopped treatment had not yet met the definition of pain resolution (4 NRS scores of ≤ 2) and were thus classified as premature dropouts despite good treatment response. FDA analyses for mean change in pain used last observation carried forward (LOCF) imputation for patients who discontinued due to injury resolution, and baseline observation carried forward (BOCF) imputation for other premature discontinuations. 
Mean age was 37.7 years in the DETP group and 40.1 years in the placebo group. By day 7, 50% of the 418 randomized patients had discontinued. By day 14, 87.2% of diclofenac and 82.1% of placebo groups had discontinued. Most of the discontinuations were due to injury resolution (see Appendix Table 4).
Median time to pain resolution (original primary efficacy outcome variable) was significantly shorter in the DETP group (10 days) than in the placebo group (13.5 days), p<0.014). Analyses of the mean pain score over the 14-day period divided by the baseline pain score (the modified primary efficacy end point, using a multiple imputation strategy) showed a lower result on DETP (mean ± SD, 0.4 ± 0.2) than on placebo (0.5 ± 0.3; p = 0.009). Using a more clinically interpretable measure—change in pain scores from baseline to day 14—the FDA analyses showed a small but statistically significant treatment difference (LS mean (SE)):  –3.5 (0.2) on DETP and –2.8 (0.2) on placebo patch (LS mean difference, ‑0.7; 95% CI:  –1.3 to –0.07; p = 0.03; calculated SMD 0.24, small). An FDA reviewer stated that the difference was of unclear clinical relevance, and the analyses were potentially not meaningful because of a high rate of dropouts (requiring imputation of data). FDA analyses using pain intensity at the end of treatment showed no statistically significant difference at day 14. 
In ITT analyses, 58% (119/207) of DETP patients and 41% (86/211) placebo patients achieved 50% or greater reduction in pain at day 3 (calculated p < 0.001; NNT = 6; 95% CI:  4–14). For 30% or greater improvement in pain at the same time point, the corresponding rates were 65% (134/207) and 47% (100/211) (calculated p < 0.001; NNT 6 (4–13)). 

At day 14, 51% (106/207) of DETP patients and 42% (88/211) of placebo patients achieved 50% or greater reduction in pain (calculated p = 0.06). For 30% or greater reduction in pain scores at day 14, the rates were similar to those for 50% or greater pain improvement:  52% (108/207) of DETP and 44% (92/211) of placebo patients were responders (calculated p = 0.10). 

Since patients with minor injuries may improve substantially by day 3 (and lead to early discontinuation before day 14), the FDA performed additional analyses where response was defined by FDA as discontinuation from the study due to injury resolution. Responder rates were higher on DETP than placebo at both early (day 3) and late (day 14) time points. The percentage of patients who had at least 50% reduction in pain at day 14 was 73% (142/195) on DETP and 64% (123/192) on placebo (p = 0.08). Corresponding response rates for day 3 were (estimated from graph) 32% and 22% (calculated p = 0.036; NNT = 10; 95% CI:  6–88). 
According to the FDA reviewer, the results were notable for (1) the remarkably high response rates in both active and placebo groups (relative to findings in previous trials of oral analgesics); and (2) the absolute treatment difference was greater on DETP than placebo by 10% to 20% across all definitions of response. 
Investigator global assessment and median time to pain resolution (defined as four VAS pain scores ≤ 2) showed statistically significant benefits of DETP over placebo. Range of motion showed a treatment difference favoring DETP but the difference did not reach the level of statistical significance (p = 0.058). There were no significant treatment difference in swelling at day 14. Results of FDA analyses of the effect of number of patches used on mean pain suggested that patients do not obtain pain relief until after one or more days of patch use.
Patient tolerability and incidences of ADRs were similar in both groups and not statistically significant, although application site dermatitis and pruritus were higher in patients that received DETP.14 
Major Supportive Trials
Galer et al. (U.S. Study-01 (49,459-01, Sport 1) conducted a 14-day multicenter, double-blinded, randomized, placebo-controlled, parallel group Phase 3 study comparing the efficacy and safety of DETP to placebo (N = 222).1 Patients had suffered minor sports injuries (ankle and knee sprains, contusions). Patches were applied twice daily. According to the FDA medical reviewer, primary efficacy measures were not clearly stated. Efficacy measures included spontaneous pain and pain on pressure during clinic visits (days 1, 3, 7 and 14). Patients had functional improvement and pain relief starting at Day 7. Although patients experienced pain relief, the primary efficacy measurements were not statistically significant. No treatment difference was seen in reported AEs. Data from this trial were included in FDA safety analyses only.
Rowbotham et al. (U.S. Study-02, 49,459-02, Sport 2) assessed the efficacy and safety of DETP (Flector Tissugel®) in a multicenter (4 U.S. centers), randomized, double-blind, placebo-controlled, parallel group study in 411 patients who had developed a painful minor sports injury within 72 hours prior to study entry.12 Study treatment was applied twice a day for 14 days. The intent-to-treat analysis (ITT) population consisted of 372 patients who applied at least one patch, and 365 patients who completed the protocol as planned comprised the per-protocol (PP) dataset. According to Rowbotham et al. (foreign language publication with English abstract), DETP treatment showed a statistically significant benefit over placebo in the PP analyses of the primary efficacy measure, time to pain resolution (median, 8.8 days vs. 12.4 days; p = 0.009), and average daily pain from days 6 to 13 (p = 0.042).12 There were no significant treatment differences in terms of local tolerability and adverse events. According to the FDA medical reviewer, in the manufacturer’s first NDA submission, the study failed to show a significant benefit using time to pain resolution as the primary efficacy measure, and the secondary efficacy measures did not support efficacy.2 In re-analyses of the efficacy data on the second submission, the manufacturer had used “mean pain at study end divided by the baseline pain” as the primary efficacy measure and various imputation methods. These re-analyzed efficacy measures and mean pain score over the study duration suggested a treatment benefit with DETP. Data from this trial were used in FDA safety analyses only.
Patient-reported Outcomes and Preference Studies

A survey was conducted in 253 adults to “demonstrate a preferred method of medication delivery for the treatment of acute pain due to sprains, strains, and contusions based on product profiles” (Alpharma data on file).1 Profiles for products A (DETP), B (celecoxib), C (lidocaine patch), and D (diclofenac gel) were anonymous. In comparisons of products A (DETP) and B (celecoxib), 56% of 85 participants chose B (celecoxib), most often because of cost (65% of those that chose product B) and dosage form / convenience (33%). In comparisons of products A (DETP) and C (lidocaine patch), 73% chose A (DETP) most often because of cost (44%) and efficacy (28%). When products A (DETP) and D (diclofenac gel) were compared, 65% chose A (DETP) most often because of dosage form / convenience (44%) and safety (16%).
Adverse Events (Safety Data)
The safety population (N = 1185, 4 trials) included 590 patients randomized to DETP and 595 randomized to placebo. The two pivotal trials included a total of 551 patients, 275 of whom were treated with DETP. A total of 87 patients received DETP and 94 received placebo patch twice daily for two weeks (≥ 28 patches), and 380 DETP and 384 placebo patients were treated once or twice daily for 1 week. Additional safety data was available from non-U.S. postmarketing safety reports. 
Overall, 222 of 572 DETP patients (39%) and 253 of 564 placebo patients (45%) completed the trials. The most common reason for early discontinuation was injury resolution (47% DETP, 37% placebo). Adverse event was the reason reported for discontinuation in 19 DETP patients (3%) and 14 placebo patients (3%), with application site condition being the most common type of adverse event leading to discontinuation (2.4% DETP, 1.6% placebo). Dermatitis was the application site condition reported more frequently on DETP than placebo (0.7% vs. 0%, respectively). Loss to follow-up occurred in 2% of DETP and 1% of placebo patients.
There were no unanticipated safety signals in any of the studies. No serious adverse events occurred during the clinical trials. Overall, adverse events occurred at similar rates in the two treatment groups (29% of DETP and 30% of placebo patients). The most common adverse events are shown in Table 2. In contrast, oral diclofenac is associated with more systemic adverse events, as shown in Table 3.
Table 2
Common Adverse Events (≥ 1% of patients) with DETP During Clinical Trials1 
	
	DETP N=572
	Placebo N=564

	
	N (%)
	N (%)

	Application Site Conditions
	64 (11)
	70 (12)

	Pruritis
	31 (5)
	44 (8)

	Dermatitis
	9 (2)
	3 (<1)

	Burning
	2 (<1)
	8 (1)

	Other*
	22 (4)
	15 (3)

	Gastrointestinal Disorders
	49 (9)
	33 (6)

	Nausea
	17 (3)
	11 (2)

	Dysgeusia
	10 (2)
	3 (<1)

	Dyspepsia
	7 (1)
	8 (1)

	Other**
	15 (3)
	11 (2)

	Nervous System Disorders
	13 (2)
	18 (3)

	Headache
	7 (1)
	10 (2)

	Paresthesia
	6 (1)
	8 (1)

	Somnolence
	4 (1)
	6 (1)

	Other***
	4 (1)
	3 (<1)


* Includes: Application site dryness, irritation, erythema, atrophy, discoloration, hyperhidriosis and vesicles
** Includes: gastritis, vomiting, diarrhea, constipation, upper abdominal pain and dry mouth
*** Includes: Hypoaesthesia, dizziness and hyperkinesias
Table 3
Common Adverse Events of Oral Diclofenac Sodium (Product Information)5 
	
	Oral Diclofenac sodium

	
	%

	Cardiovascular
	

	Congestive Heart Failure
	1% to 3%

	Hypertension
	1% to 3%

	Gastrointestinal Disorders
	

	Gastrointestinal hemorrhage, Gastrointestinal perforation
	1% to 3%

	Gastrointestinal ulcer
	1% to 4%

	Vomiting
	1% to 3%

	Pancreatitis
	1% to 3%

	Hematologic
	

	Anemia, aplastic anemia
	1% to 3%

	Leukopenia
	1% to 3%

	Thrombocytopenia
	1% to 3%

	Other
	

	Angioedema
	1% to 3%


Both DETP and placebo patches seemed to be associated with skin reactions. Gastrointestinal disorders occurred in 9% of DETP patients and 6% of placebo patients, with nausea and dysgeusia being the most common. These adverse events were mild and resolved spontaneously. DETP application did not seem to be associated with the incidence of generalized adverse events. 

The postmarketing data showed a similar safety profile to that seen in the controlled trials.

No safety-related drug–demographic interactions were noted; however, no elderly patients over 65 years of age were included in the clinical trials.

According to the FDA medical reviewer, systemic drug reactions are unlikely to occur because of the “negligible” (0.6%) plasma concentrations with DETP relative to oral administration. Nonetheless, because diclofenac levels can be detected in plasma, the label for DETP would have to be consistent with the standard NSAID labeling. 

Precautions/Contraindications1
Precautions

Despite listed precautions being identical to those that accompany all agents of the NSAID class, localized reactions were the most common reported adverse effect with DETP.
Pregnancy Category C

Skeletal anomalies were noted in rats given 6mg/kg/day of diclofenac epolamine (based on body surface area, this is three times the maximum recommended daily exposure in humans).
Fertility Effects

Rats – Treated with 6mg/kg/day of diclofenac epolamine (based on body surface area, this is three times the maximum recommended daily exposure in humans). Resulted in an increased rate of early resorptions and postimplantation losses.

Humans - Not evaluated.

Nonteratogenic effects
Due to data correlating NSAIDs to the closure of the ductus arteriosus, DETP should be avoided during pregnancy, particularly during the third trimester.

Labor and Delivery

Effects of DETP on labor and delivery are unknown.  However, NSAIDs, in general, inhibit prostaglandin synthesis which leads to dystocia, delayed parturition and decreased pup survival.

Nursing Mothers

It is unknown whether DETP is excreted into breast milk.

Pediatrics

Safety and efficacy in the pediatric population has not been established.

Geriatric Use

Clinical studies did not include an adequate number of patients aged 65 and older to evaluate age-related differences in response.  DETP, is however, excreted renally. Monitor elderly patients for signs of toxicity.
Advanced Renal Disease

Use of DETP is not recommended because it has not been evaluated in this patient population. If DETP is started, providers should monitor renal function closely.
Contraindications1,4
· Patients with a known hypersensitivity to diclofenac.
· Patients that have experienced asthma, urticaria or allergic type reactions after taking aspirin or NSAIDs.  Anaphylactic reactions have been reported in this population.

· Use as treatment for peri-operative pain in the setting of coronary artery bypass graft (CABG) surgery.

· Application to non-intact or damaged skin resulting from any etiology; e.g. exudative dermatitis, eczema, infected lesion, burns, or wounds.
Non-U.S. Post-marketing Experience

Over a 13-year period (June 1993 to February 2006), the Pharmacovigilance Unit of the manufacturer (IBSA, Institut Biochimique SA) received a total of 133 adverse event reports for 81 patients, including 34 serious events in 16 subjects. Based on the estimated number of diclofenac patches sold during that period and assuming 2 patches per day for 14 days, the incidence of adverse events was estimated to be 2.1 per 100,000 treated patients. The most commonly reported events involved skin disorders. Gastrointestinal disorders were reported in 9 cases, of which 5 involved ulcers or bleeding. Details available in 2 cases revealed confounding factors:  one patient took oral NSAIDs and aspirin daily, and the other case involved an elderly patients with a prior history of bleeding duodenal ulcers. According to the FDA medical reviewer, the postmarketing experience revealed no unexpected safety concerns and was consistent with the safety profile of DETP in clinical trials.
Look-alike / Sound-alike (LA / SA) Error Risk Potential

The VA PBM and Center for Medication Safety is conducting a pilot program which queries a multi-attribute drug product search engine for similar sounding and appearing drug names based on orthographic and phonologic similarities, as well as similarities in dosage form, strength and route of administration. Based on similarity scores as well as clinical judgment, the following drug names may be potential sources of drug name confusion:

Table 4
Look alike/Sound alike error risk potential
	Drug Name
	Potential Name Confusion

	Diclofenac epolamine (generic)
	Diclofenac potassium
Diclofenac sodium

Diclofenac sodium/Misoprostol

Scopolamine

Bromfenac sodium

Dicloxacillin sodium

Methoscopolamine bromide

Baclofen

Declomycin

Epinephrine patch

	Flector ® (brand)
	Crestor
Flexeril

Fluor-Op

Hectorol

Felbatol

Flarex

Flecainide Acetate




Drug Interactions1
ACE inhibitors
May diminish the effect of NSAIDs when used concomitantly

Aspirin

When used concomitantly, diclofenac protein binding is reduced (clearance not affected); clinical significance unknown.  Simultaneous use of aspirin and diclofenac not recommended due to possible increase of adverse effects.
Diuretics

DETP may reduce the natriuretic effect of furosemide and thiazides in some patients.  This is related to NSAID’s inhibition of renal prostaglandin synthesis. Monitor patient for signs of renal failure and diuretic effectiveness.

Lithium

NSAIDs responsible for increase in plasma lithium levels (15%) and a decrease in renal lithium clearance (20%).  This is related to NSAID’s inhibition of renal prostaglandin synthesis.  Monitor patient for signs of lithium toxicity.
Methotrexate

Studies have shown that NSAIDs competitively inhibit methotrexate accumulation in rabbit kidney slices, thus causing potential for toxicity.  
Warfarin

The combination use of NSAIDs and warfarin further increases the patient’s risk for GI bleeds.
Concomitant Use with Oral NSAIDs

According to one FDA medical reviewer, concomitant use of DETP and oral NSAIDs may theoretically cause additional harm, but would be unlikely to occur because systemic absorption of topically applied diclofenac is minimal. Except for a potential pharmacokinetic drug interaction with aspirin, the product information does not advise providers to warn patients about potential harm due to concomitant use of DETP with oral NSAIDs.
Acquisition Costs
Costs were calculated for daily and 14-day use for DETP and other topical and oral diclofenac products. Costs for DETP reflect usage per patch; however, in actuality, DETP would be purchased (for $101.04) in packages of 30 patches. Therefore, the costs in Table 5 underestimate the actual acquisition costs.
Table 5
Costs for Daily and Two-week Treatment
	Drug
	Cost per Package
	Indication(s)
	Dose ‡
	Cost/Day 
	Cost/14 days 

	DETP
	$101.04 (30 patches / box)
	Analgesia for minor sprains, strains, contusions
	1.3% (180 mg) DETP b.i.d. (total 360 mg/d; 18 mg/d released from patch)
	$6.74
	$94.40

	Topical diclofenac sodium (Na) gel 1%
	$15.90 / 100 g 

(10 mg / g)
	Osteoarthritis
	Lower extremities:  4 g q.i.d. (max. 16 g/d/joint)
Upper extremities:  2 g q.i.d. (max. 8 g/d/joint)
Maximum:  32 g/d total (roughly equivalent to 26.7 mg/d oral diclofenac)
	$1.27–$2.54
	$17.81–$35.62

	Topical diclofenac Na gel 3%
	$57.78 / 50 g

$135.11 / 100 g

(30 mg / g)
	Actinic keratosis
	—
	—
	—

	Oral diclofenac potassium (K)† + omeprazole
	$6.85 / 100 x 50 mg +

$10.80 / 100 x 20 mg
	Osteoarthritis

Rheumatoid arthritis

Ankylosing spondylitis

Analgesia / Dysmenorrhea
	Diclofenac K 50 mg t.i.d. + Omeprazole 20 mg q.d.
	$0.30
	$4.20

	Oral diclofenac Na EC + omeprazole
	$4.15 / 100 x 50 mg or

$8.23 / 100 x 75 mg +

$10.80 / 100 x 20 mg
	Osteoarthritis

Rheumatoid arthritis
	Diclofenac Na EC 50 mg t.i.d. or 75 mg b.i.d. + 
Omeprazole 20 mg q.d.
	$0.23–$0.27
	$3.08–$3.78

	Camphor 0.5% / Menthol 0.5% Lotion
	$2.59 / 222 ml

	Dermatitis
	2–3 times daily
	Depends on amount applied
	≥ $2.59

	Capsaicin 0.025% Cream
	$2.57 / 60 g
	Temporary relief of minor aches and pains of muscles and joints associated with backache, strains, sprains, arthritis, rheumatoid arthritis and osteoarthritis. 

Painful neuralgias.
	3–4 times daily
	Depends on amount applied
	≥ $2.57

	Capsaicin 0.075% Cream
	$3.80 / 60 g
	As above
	3–4 times daily
	Depends on amount applied
	≥ $3.80

	Menthol / Methylsalicylate Cream
	$1.85 / 120 g

	Temporary relief of minor aches and pains caused by arthritis, simple backache, strains, sprains, and bruises
	3–4 times daily
	Depends on amount applied
	≥ $1.85

	Lidocaine Topical Patch 5%
	$128.75 / 30 patches
	Relief of pain associated with post-herpetic neuralgia. It should be applied only to intact skin. §

	Apply up to three patches, only once for up to 12 hours within a 24-hour period
	$12.88 / 3 patches
	$180.25


Lowest VA prices as of 30 December 2009. Go to www.pbm.va.gov for up-to-date costs.
†
Faster-absorbing than sodium salt and FDA-approved for “analgesia.”
‡
For osteoarthritis or analgesia
§
No good-quality evidence to support use of lidocaine patches in osteoarthritis (OA). No evidence to support use in acute pain due to minor sports injuries. The efficacy of lidocaine patches in osteoarthritic pain is uncertain. Post hoc analyses from a randomized trial that was stopped prematurely suggest there are no statistically significant differences between lidocaine patch 5% and celecoxib 200 mg/d in Western Ontario and McMaster Universities (WOMAC) OA Index pain subscale after 12 weeks.
 There are no other comparative trials available in osteoarthritis.
Data Compilation Table 
Table 6
Costs to Benefit One Additional Patient (≥ 50% Pain Reduction) 
	Joussellin et al. (French Study, Ankle sprains)13
	
	

	Treatment duration
	3 days
	7 days

	NNT (95% CI)
	4 (NC)
	12 (NC)

	Cost x NNT
	$81
	$566

	Beks et al. (UK/German Study, Soft tissue injuries)14
	
	

	Treatment duration
	3 days
	14 days

	NNT (95% CI)
	6 (4–14)
	NSD

	Cost x NNT
	$121
	—


Pharmacoeconomic Analyses
No prospective, trial-based cost-effectiveness studies have been conducted.

According to the Alpharma AMCP dossier, an economic modeling study compared DETP 1.3% patch, lidocaine patch, oral celecoxib, and oral naproxen over 15- (all drugs) and 30-day (lidocaine patch only) treatment periods.1 The researchers concluded that, in terms of cost-effectiveness and cost-minimization, DETP was better than lidocaine patch for 15- and 30-day treatments. Celecoxib and naproxen were better than DETP despite accounting for gastrointestinal adverse events during short-term use. 
There was insufficient information to assess the quality of these studies and the applicability of the results to a veteran population.
Conclusions

DETP was shown to have a small to moderate analgesic effect for short-term treatment of minor injuries in European patient populations (NNTs of 4 and 6 at day 3; and 12 at day 7). Its efficacy in U.S. veterans is unclear in the absence of studies involving veterans. In addition, two U.S. trials failed to show significant benefit (but were published in a positive light) and the European trial results have limited generalizability to an older veteran population with multiple comorbidities. 
Tolerability and adverse event rates with DETP are similar to those of placebo patches. When used as indicated, DETP seemed to be associated with low risks, with adverse events being nonserious and mostly confined to the local application area. The safety profile of DETP is consistent with pharmacokinetic data showing low systemic absorption and supported by favorable postmarketing safety experience abroad. Theories that DETP may be safer than oral NSAIDs have not been tested in direct comparative efficacy / safety trials. 
There is insufficient data supporting the use of DETP for longer than 14 days for the approved indication. Data is also lacking for use in elderly patients. For off-label use in chronic pain (e.g., osteoarthritis), the longest study was 15 days. As with topical NSAIDs, salicylates, and capsaicin, the short DETP study durations preclude assessment of long-term efficacy and safety, although there is evidence suggesting that topical NSAIDs lack efficacy in osteoarthritis at weeks 3 and 4. 
The safety of using DETP in patients with contraindications to oral NSAIDs, such as history of peptic ulcer disease and anticoagulant therapy, has not been evaluated. Further trials are needed to compare DETP with nonpharmacologic therapies, other topical analgesics (such as counter-irritants, capsaicin, and salicylates), oral NSAIDs, and acetaminophen; evaluate the safety and effectiveness of chronic episodic use of DETP; assess the safety of concurrent use of DETP and oral NSAIDs; and assess the cost-effectiveness of DETP in veteran patients. 
Besides the question of efficacy in U.S. veterans, the therapeutic role of DETP in the U.S. veteran patient population is unclear because there are a lack of large efficacy and safety trials with alternative OTC topical agents on VA National Formulary (VANF) and a lack of trials comparing DETP with alternative treatments. Trials comparing DETP with any active controls are lacking. Studies comparing formulary topical analgesics with active controls are also lacking, with the exception of limited indirect comparisons suggesting that DETP may have a larger analgesic effect size than diclofenac gel (nonformulary) for short-term (14-day) treatment of osteoarthritic pain. For osteoarthritis, however, the gel formulation is FDA-approved for osteoarthritis and is less costly than DETP. Perhaps the main potential advantage of DETP over diclofenac gel is the provision of a standardized, controlled dose, although there is very limited information supporting better analgesia and patient preference for DETP over the gel.  

There are a number of oral and topical analgesics on VANF that may be used to treat minor sports injuries, and there is a lack of evidence showing that DETP is superior to them. There are also no clinical studies comparing the safety of diclofenac with alternative VANF agents. However, the potential for severe or fatal unintentional or accidental overdoses are likely lower with NSAIDs than salicylates. 
Prepared: July 2009; Francine Goodman, PharmD, BCPS, Clinical Pharmacy Specialist, VACO Pharmacy Benefits Management Services; Maie Seif, PharmD, Pharmacy Practice Resident; VA Ann Arbor Healthcare System, Ann Arbor, MI; Ed LaHaie, PharmD, Drug Information Specialist; VA Ann Arbor Healthcare System, Ann Arbor, MI
Contact person:  Francine Goodman, PharmD, BCPS, Clinical Pharmacy Specialist, VACO Pharmacy Benefits Management Services
Appendix:  Clinical Trials
A literature search was performed on PubMed/Medline (1966 to October 2008) using the search terms diclofenac epolamine and Flector. The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. The FDA medical reviewer’s report was reviewed for relevant information. The two major randomized, placebo controlled trials evaluating the efficacy of diclofenac epolamine topical patches to placebo were included. The remaining randomized controlled trials were reviewed and briefly summarized.
Appendix Table 1
Major Efficacy / Safety Trial Methods
	Characteristic
	Jousselin et al

(French)
	Beks et al

(UK/German)

	Design
	MC DB PC PG Phase 3 RCT (24 centers)
	MC DB PC PG Phase 3 RCT (14 centers)

	
	
	

	Major Inclusion Criteria
	Minor ankle sprains in previous 48 h, VAS > 50 mm (0–100 mm); age 18–65 y; no requirement for orthopedic or surgical treatment
	Soft tissue injuries (contusions, strains, sprains, other with mild swelling) in previous 7 d; spontaneous pain ≥ 5 (0–10 VAS); age 18–65 y; ability to read and speak English / German

	Major Exclusion Criteria
	Allergy to aspirin, NSAIDs, or the excipients; a history of skin allergy; an open skin lesion within the injury area; recurring sprains; treatment with an NSAID or any other topical agent that may have interfered with the assessments within 1 wk prior to study entry; prior treatment of the sprain by local or oral enzyme therapy; oral or parenteral treatment by corticosteroids, NSAIDs or aspirin 7 days prior to study entry; treatment by an analgesic 6 hours prior to recruitment; treatment by physiotherapy or an alternative medicine; concomitant anticoagulant therapy entry
	Major soft tissue injury; open skin lesion in injured area; surgery in the same site in past 3 mo; ≥ 3 past injuries in the region; topical medication to the area in past 48 hours; an injury that was midline or involved the spine, digits or hands; drugs that may interact with DETP or affect the safety of DETP. Allergic disorders, asthma, coagulation defects, cardiac impairment, OTC analgesics or short-acting NSAIDs in past 6 h, narcotic analgesics in past 7 d, systemic anti-inflammatory steroidal drugs in past 60 days, long acting NSAIDs since injury, chronic pain disorder, history of GI bleeds/ulcers, liver or kidney disease; hypersensitivity to diclofenac or other NSAIDs, including aspirin.

	DETP Regimen
	q.d.
	b.i.d.

	Comparator 
	Placebo
	Placebo

	Treatment Duration (d)
	7
	14

	Allowed Co-therapies
	APAP
Ice:  36.7% DETP vs. 40.9% PBO
	Originally:  None

Amended:  NSAID, APAP up to 6 h before study entry

	Allowed assistive aids (e.g., devices or braces)
	Not stated in protocol
	—


Appendix Table 2
Analysis Methods of Major Efficacy / Safety Trials

	Characteristic
	Jousselin et al

(French)
	Beks et al

(UK/German)

	Analysis Method
	ITT
	ITT, LOCF for patients who discontinued due to injury resolution; BOCF for other premature discontinuations

	Primary Efficacy Measure
	Per Dossier:  Pain on active mobilization

Per FDA:  Not clear; “mean pain score at end point”
	Original:  Time to significant pain resolution or discontinuation

Amended:  Mean post-treatment pain score over 14 d divided by baseline score

FDA:  Mean change in pain

	Jadad Score (0–5) for published report
	Not assessable (English abstract only)
	Not assessable (English abstract only)


APAP, Acetaminophen; IGA, Investigator Global Assessment; PGA, Patient Global Assessment
Appendix Table 3
Baseline Patient Characteristics in Major Efficacy / Safety Trials
	Characteristic
	Jousselin et al

(French)
	Beks et al

(UK/German)

	Age (y)
	31.5 ± 12.9
	38.9 ± 13.6

	Male, N (%)
	72 (53.7)
	206 (49.3)

	Female, N (%)
	62 (46.3)
	212 (50.7)

	Caucasian, N (%)
	
	416 (99.5)

	Weight (kg)
	69.2 ± 16.2
	75.4 ± 14.2

	Injury, DETP vs. PBO, % of pts
	
	

	
Contusion
	
	43 vs. 42

	
Strain
	
	33 vs. 29

	
Sprain
	
	22 vs. 27

	
Ankle
	100
	21 vs. 19

	
Shoulder
	
	20 vs. 18

	
Knee
	
	16 vs. 16

	Time to Injury, d (range)
	0.8 ± 0.6 (0.02–2)
	1.4 ± 1.7 (0–8)

	Pain Score, mean
	6.8 ± 1.1
	7.4 ± 1.3

	
DETP vs. PBO
	
	7.3 vs. 7.5 *

	Restricted/Immobile ROM, DETP vs. PBO, % of pts
	
	87.9 vs. 78.2 *


Source:  FDA Medical Reviewer Report2; * p < 0.05; ROM, Range of motion
Appendix Table 4
Patient Disposition, Major Efficacy / Safety Trials
	
	Jousselin et al

(French)
	Beks et al

(UK/German)

	Enrolled, N
	134
	418

	Randomized, N DETP / PBO
	68 / 66
	207 / 211

	Completed, N (%), DETP / PBO
	64 (94) / 61 (92)
	21 (10) / 35 (17)

	Discontinued, N (%), DETP / PBO
	4 (6) / 5 (7.5)
	184 (89) / 172 (81)

	  Injury resolved
	0 / 0
	92 (44) / 68 (32)

	  Lost to follow-up
	4 (6) / 0
	

	  Lack of efficacy
	0 / 3 (4.5)
	

	  Adverse event
	0 / 1 (1.5)
	4 (2) / 8 (4) †

	  Noncompliance
	0 / 1 (1.5)
	

	  Another therapy
	
	20 (10) / 22 (10)

	  Study admission problems
	
	46 (22) / 51 (24) ‡

	  Another reason
	
	22 (11) / 23 (11) §

	N Analyzed, Efficacy (mITT)††
	
	207 / 210

	N Analyzed, Safety (ITT)
	
	207 / 210


†
No SAE or deaths occurred.
†
Includes inappropriate enrollment, noncompliance with protocol, or need for a prohibited medication

§
Defined on case report form as patient wishes to withdraw from the study for another reason
††
Patients who received at least one dose of study drug
Appendix Table 5
Primary Efficacy Measures, Major Efficacy / Safety Trials
	Measure
	Jousselin et al

(French)
	Beks et al

(UK/German)

	Pain score at 7 d, mean, mm (ITT)
	
	

	
LSM, DETP vs. PBO
	12.1 vs. 21.4
	

	
Diff (DETP–PBO)
	–9.3 *
	

	Mfr PEM:  Mean pain score post-treatment ÷ baseline score, (% diff) 
	
	

	
Multiple Imputation Analysis
	
	0.40 vs. 0.47 (14.8) **

	
LOCF Analysis
	
	0.44 vs. 0.53 (18.2) ***

	
GEE Analysis
	
	0.57 vs. 0.63 (9.8) **

	FDA Preferred PEM:  Pain Score
	
	

	
At end point, mean
	
	2.9 vs. 3.6 (–0.7) ****†

	
Change from baseline, mean
	
	–4.4 vs. –3.9 (–0.49, NSD)

	
Change from baseline, LSM (SE)
	–57.0 (2.2) vs. –49.8 (2.3) ****
	


* p = 0.0041; ** p ≤ 0.009; *** p < 0.001; **** p ≤ 0.037
† Does not take into account lower pain scores in DETP group at baseline for UK/German study; ITT analysis (includes imputed data)
GEE, Generalized estimating equations model; LOCF, Last observation carried forward; LSM, Least squares mean; PEM, Primary efficacy measure
Appendix Table 6
Secondary Efficacy Measures, Major Efficacy / Safety Trials
	Measure

(All comparisons:  DETP vs. PBO)
	Jousselin et al

(French)
	Beks et al

(UK/German)

	Pain Score at 3 d, mm
	
	

	
LSM
	17.8 vs. 30.5
	

	
Diff, DETP–PBO
	–12.7 **
	

	PGA “of Efficacy”, 3 and 7 d
	DETP > PBO *****
	

	IGA “of Efficacy”
	DETP > PBO *****
	

	IGA “Good” to “Excellent”, % of pts
	
	58 vs. 48

	Onset of significant difference in pain, h
	4
	

	Original PEM:  Time to pain resolution††, median, d
	
	10 vs. 13.5 *****

	APAP use (% of pts)
	NSD
	

	Use of ice, n
	25 vs. 27 (NSD)
	

	No. of ice applications
	NSD
	

	Pain at rest†, n
	
	

	
Day 3
	49 / 18 / 1 / 0 vs. 
33 / 25 / 8 / 0 * 
	

	
Day 7
	60 / 8 / 0 / 0 vs.
41 / 19 / 6 / 0 **
	

	Pain on passive stretch†
	
	

	
Day 3 or last value
	12 / 34 / 20 / 2 vs.
4 / 26 / 30 / 6 ***
	

	
Day 7 or last value
	30 / 29 / 7 / 2 vs.
17 / 22 / 23 / 4 **
	

	Pain on palpation†
	
	

	
Day 3 or last value
	7 / 28 / 25 / 8 vs.
2 / 19 / 29 / 16 ****
	

	
Day 7 or last value
	20 / 33 / 12 / 3 vs.
8 / 25 / 20 / 13 **
	

	Possibility of single foot leaning‡, n
	
	

	
Day 3 or last value
	36 / 31 / 1 vs.
23 / 37 / 6 *
	

	
Day 7 or last value
	56 / 11 / 1 vs.
37 / 28 / 1 **
	

	Swelling, mean, days 0, 3, 7
	NSD
	NSD

	Range of motion, % of pts 
	
	70.3 vs. 59.9§

	Patients improved by ≥ 20 mm from baseline to end point, n/N (%)
	
	

	
Day 3
	62/68 (91) vs.
53/66 (80)
	

	
Day 7
	63/68 (93) vs.
61/66 (92)
	

	Responders at day 3, n/N (%) (ITT)
	
	

	
≥ 50% ( in pain
	57/68 (84) vs.
41/66 (62)****
NNT (95% CI):  5 (3–15)
	119/207 (58) vs. 
86/211 (41)**
NNT (95% CI):  6.0 (4–14)

	
≥ 30% ( in pain
	62/68 (91) vs. 
52/66 (79) (p = 0.08)
	134/207 (65) vs. 
100/211 (47)**
NNT (95% CI):  6 (4–13)

	Responders at day 7, % of pts (ITT)
	
	

	
≥ 50% ( in pain 
	62/68 (91) vs. 
55/66 (83)
	

	
≥ 30% ( in pain 
	63/68 (93) vs. 
61/66 (92)
	

	Responders at day 14, % (n/N) (ITT)
	
	

	
≥ 50% ( in pain 
	
	106/207 (51) vs.
88/211 (42) (p = 0.06)

	
≥ 30% ( in pain 
	
	108/207 (52) vs.
92/211 (44)


* p = 0.002; ** p ≤ 0.001; *** p = 0.003; **** p ≤ 0.008; ***** p < 0.05
† None / Low / Moderate / High; ‡ OK without pain / OK with pain / Impossible; § Range of motion approached statistical significant primarily because a higher percentage of DETP patients with restricted mobility at baseline able to move freely at end of treatment (p = 0.058); †† Patients were censored at 15 d and injury resolution was defined as 4 consecutive pain scores of ≤ 2 (11-point numerical rating scale)
Appendix Table 7
Conclusions of Major Efficacy / Safety Trials
	
	Jousselin et al

(French)
	Beks et al

(UK/German)

	AMCP Dossier
	Spontaneous pain was significantly less by the fourth hour of treatment in patients that were in the DETP study group.  Overall efficacy in the DETP group (as determined by the investigator) was superior at days 3 and 7 to those receiving placebo patches (p<0.05).  

There were no significant differences between the two groups with regards to tolerability and adverse events.  


	Median time to pain resolution was significantly shorter in the DETP group (10 days) than in the placebo group (13.5 days), p<0.014).  Patient tolerability and incidences of ADRs were similar in both groups and not statistically significant, although application site dermatitis and pruritus was higher in patients that received DETP.

	FDA Medical / Statistical Reviewer
	Both DETP and PBO groups improved by more than 90% at day 7. Although the magnitude of improvement in mean pain score at day 7 (9.3 mm on 100-mm VAS) was small, the clinical relevance of the change was supported by secondary outcomes. DETP was superior to PBO in terms of mean pain score on day 3, responder analysis, and onset of analgesia. The apparent reduction in efficacy at the end of the study is likely related to spontaneous improvement in pain on PBO. The results of this study were definitive evidence of efficacy.
	Using conventional censoring methods, the protocol-specified primary efficacy variable (time to pain relief) showed a statistically significant treatment difference. Pain relief sustained over time and pain relief at end of study could not be assessed because of a very high drop-out rate from days 7 to 14. However, responder analyses supported evidence of efficacy. Because of data quality issues and conflicting data on reasons for patient discontinuation, the study provided marginal evidence of efficacy for DETP.


Appendix Table 8
Major Supportive Trials
	Ref

Design

Quality
	Major Entry Criteria

Population characteristics
	Main Results
	Conclusion

Comments

	Galer et al. (2000)1 
U.S. Study-01

MC (2) DB PC PG RCT

NR = 222

NITT = 213

NC = 202
Included in FDA safety dataset only
DETP b.i.d. x 14 d vs. PBO
Jadad Score:  2 of 5 (from Mason et al. 2004)21
	Inclusion Criteria:  18 to 85 years of age with a minor athletic injury (sprain, strain or contusion) within 72 hours; spontaneous pain score ≥ 5 on a 10 cm VAS. 
Exclusion Criteria:  Major athletic injury; open skin lesion within the injured area; prior injury to the same site within the past 3 months; 3 or more prior injuries to the region in the past; prior use of topical medication to the involved area within 72 hours of study entry; prior use of OTC analgesics or NSAIDs within 36 hours of study entry; prior use of anti-inflammatory steroid drugs, by any route of administration, within 60 days of study entry; prior use of long-acting NSAIDs since injury; prior history of GI bleeds; liver/kidney disease; and known hypersensitivity of diclofenac.

Age, mean, y:  30.5

Men:  148 (69%)

Most common injury:  ankle (27%), sprain (39%)
	Per authors:  “Diclofenac patch was superior to placebo patch in relieving pain. Statistical significance was seen on clinic days 3 (P = 0.036) and 14 (P = 0. 048), as well as the daily diary pain ratings at days 3, 7, and 14 (P < or =0.044).”
Per FDA:  PEM not clear. 

Per Mfr and FDA:  None of the primary efficacy measurements (PID, SPID, POPD, SPOPD) showed statistically significant treatment differences. 
Secondary outcomes did not entirely support PEMs and were confounded by baseline differences in population characteristics.
No differences in reported AEs.

In FDA-requested re-analyses on second NDA submission (2006), using mean pain as the primary end point and multiple imputation strategies, DETP seemed to have an analgesic effect (no data).
	Study failed to show beneficial effect of DETP on original analyses. 
On re-analyses, DETP seemed to show an analgesic effect.
Submitted in original NDA in 2000. The PEMs were atypical and only partially fulfilled FDA requirements. 

According to an FDA medical reviewer, this study is reported in a positive light in a published report.
 Significant p-values reported in the abstract were not found in the manufacturer’s NDA.

	Rowbotham et al. (2003)12
U.S. Study-02
MC (4) DB PC PG Phase 3 RCT

N = 411

NITT = 372

NC = 365 (PP analysis)
Included in FDA safety dataset only

DETP b.i.d. x 14 d vs. PBO

Jadad:  Not assessable (Foreign language with English abstract)
	Minor sports injuries (sprains, strains, contusions) within 72 h.
Ankle sprain 23%

Knee sprain or contusion 17%

Age, mean, y:  32.9
Male:  241 (68%)

Caucasion:  67%

Weight: 75.4 vs. 79.9 (–4.5 kg, p = 0.01). 
	PEM:  Time to pain resolution (1st NDA); mean pain at study end divided by baseline pain (2nd NDA)

Mfr’s PEM, unadj for wt, ITT2:  Days to pain “resolution”, DETP vs. PBO, d:  9 vs. 12.3 (p = 0.016)
(“Success” was defined as 4 consecutive 12-h pain scores ≤ 2.) [This actually represented a 60% reduction in pain.]
All secondary efficacy measures:  NSD.
FDA analyses:  
PEM adjusted for pt wt:  NSD.

Using FDA-requested “nominal” day to define time to pain resolution:  NSD.

In FDA-requested re-analyses on second NDA submission (2006), using mean pain as the primary end point and multiple imputation strategies, DETP seemed to have an analgesic effect (no data).
	According to published abstract, results of PP analyses showed statistically significant treatment differences in time to pain resolution and average daily pain. Flector Tissugel® seems to be a safe and effective pain reliever for minor painful sports injuries.
According to FDA medical reviewer, there were multiple problems with the trial. Statistical differences at baseline indicated randomization had failed. The trial failed to show a significant treatment benefit in relieving daily pain.
On re-analyses, DETP seemed to show an analgesic effect.



PEM, Primary efficacy measure; PID, Pain intensity difference; POPD, Pain on pressure difference; PP, Per protocol; SPID, Summed pain intensity difference; SPOPD, Summed pain on pressure difference
Appendix Table 9
Other Supportive Studies

	Ref1
	Major Inclusion Criteria
	Major Exclusion Criteria
	Conclusion

	Saillant et al. (1998)

European

MC DB PC PG Phase 3 RCT
NR = 140

DETP vs. PBO q.d. x 7 d

Jadad:  Not assessable (trial summary in AMCP dossier)
	Age 18 to 65 years; acute pain due to a post-traumatic sprain located on the external lateral

ligament occurring within 48 hours with justification for treatment with NSAIDs over 7 days; and VAS pain ≥50 mm at baseline (benign ankle sprains). 
Age:  NR

Male:  77 (55%)
% of male to female was 1.5 times higher in the DETP group (p < 0.02). Gender differential was shown to not have a significant influence on treatment effect.
	History of skin allergies or an allergy to aspirin, NSAIDs or excipients; wounds or cutaneous lesions affecting the region to be treated; a recurring sprain; a sprain greater than 48 hours old or a sprain located on the internal lateral ligament; recurring spasms or shooting or nighttime pain for more than 24 hours; abnormal movements on examination; local or general treatment with a corticosteroid, NSAID, or aspirin during the previous 7 days; treatment with analgesics within 6 hours prior to the physician appointment; physiotherapy or treatment with alternative medicine; treatment with anti-coagulants that could not be interrupted; or participation in another clinical trial in the previous month
	DETP was significantly better than PBO in the primary efficacy variable, pain on active movement (100-mm VAS) on Days 3 (diff ~10 mm, p < 0.004) and 7 (diff ~ 10 mm, p < 0.0008). 
Pain reduction occurred earlier on DETP (starting at 3rd hour of Day 0) and was greater relative to PBO.

Periarticular swelling was significantly less on DETP than PBO at Days 3 and 7.

APAP use:  NSD
No AEs were reported for either group in the study.



	Jenoure et al. (1993)

European

OL SC Phase 4 Study
NE = 101
NA = 100
DETP b.i.d. x 14 d

Jadad:  Not assessable
	Age 18 to 45 years; inflammatory symptoms, particularly pain arising from tenosynovitis and bursitis, periarthropathy, and traumatic inflammation of tendons, ligaments, muscles and articulations
Age, mean, y:  32.6

Male:  68 (67%)

Baseline spontaneous pain score (VAS), cm:  5.59

Baseline verbal spontaneous pain, mean (4-point scale):  2.31

Baseline pain on pressure, mean (4-point scale):  2.63
	Steroid injections within 3 months or other anti-inflammatory therapies including steroids and nonsteroidals within previous 1 wk; skin condition or skin trauma at the application site; significant clinical or laboratory evidence of liver, kidney, hematopoietic or other diseases or dysfunctions; history of diclofenac allergy, hypersensitivity or severe adverse reactions to aspirin or related compounds; any situation or condition which the investigator deemed as likely to interfere with optimal study participation
	Spontaneous pain (10-cm VAS) and pain on pressure (4-point scale) decreased significantly from baseline to day 7 (p < 0.01) and to day 14 (p < 0.01), across all pathologies.
No AEs reported.

Majority of both patients and investigators reported tolerability as excellent. 

	Jenoure et al. (1997)
European Epicondylitis Study

MC DB PC 28-d Phase 4 Study
NE = 85

DETP vs. PBO b.i.d. x 14 d then 14-d tx-free follow-up
	Age 16–85 y; diagnosis of epicondylitis except old muscular lesions, old osseous avulsion, elbow’s intra-articular effusion, and muscular evident contracture.
Age:  NR

Male:  54 (64%)

Majority of strains were due to tennis
	Steroid injections within 2 mo; anti-inflammatory therapies including steroid and nonsteroidal treatments within 1 wk; significant skin condition or trauma at application site; liver, kidney, hematopoietic disorders; hypersensitivity or severe adverse reactions to aspirin or related compounds
	Statistically significant decreases in spontaneous pain scores (10-cm VAS) on Days 7, 14, and 28 for DETP and on Days 14 and 28 for PBO. 
Greater reduction in VAS pain score on DETP than PBO on Day 28 (p = 0.05).

Spontaneous pain on 5-point verbal scale:  treatment differences “not always detected.”

Moderate to severe pain at day 14:  26.8% DETP vs. 60.6% PBO (p < 0.01).

Tolerability:  NSD

AEs:  2 DETP vs. 1 PBO.




Appendix Table 10
Published and Unpublished Studies Evaluating Off-label Use of Diclofenac Epolamine

	Ref
	Major Inclusion Criteria
	Major Exclusion Criteria
	Conclusion

	Osteoarthritis of the Knee

	Dreiser and Tisne-Camus1,

DB PC RCT

DETP (N = 78) vs. PBO (N = 77) b.i.d. x 15 d
	Osteoarthritis of the knee

Age 40 to 80 years; OA on an ambulatory basis (i.e., not hospitalized); radiologically diagnosed gonarthrosis (radiography <1 year) femorotibial and/or femoropatellar, clinically symptomatic in 1 knee only; initial global spontaneous pain of greater than 40 mm on a 100 mm VAS
	Severe infections or organ disease, including cardiac, renal, hepatic insufficiencies, and hemopoetic diseases; severe psychiatric diseases that would interfere with adherence to the protocol, alcoholism, or ongoing or previous toxicomania <1 year; nonarthrosic osteoarticular signs, including articular

condrocalcinosis without arthrosis or gout, poorly established monoarthritis of the knee,

posttraumatic algodystrophy, problems with ligaments or meniscus, or pagetoid arthropathy;

clinically symptomatic bilateral OA; gonarthrosis with hydrarthrosis or in need of a puncture or infiltration; knee surgery performed in the previous 3 months or was going to be performed in the upcoming months; infiltration (corticoids and/or local anesthetics) in the preceding months; synoviorthese, arthroscopy, or any kind of surgical act on the knee in the previous 6 months; antiarthrosics or chondroprotectors in the past 3 months; corticotherapy by general route of administration in the previous 6 weeks; NSAIDs by general or local route during 4 to 8 days before the beginning of the study; subjects with lesions in the region to be treated; known existence of allergies (in particular, asthma) or intolerance to diclofenac, aspirin or NSAIDs; history of gastroduodenal ulcers or digestive hemorrhage; pregnancy or lactation; refusal or incapacity to give written consent; patient susceptible to not being able to follow the directions of the study; or patients participating in other experimental treatment within <2 months
	Primacy efficacy measure was global spontaneous pain. Patients in the DETP group experienced a statistically significant reduction in pain at all time points.



	Bruhlmann and Michel1
DETP (N = 51) vs. PBO (N = 52) b.i.d. x 14 d
	Osteoarthritis of the knee

Age 18 to 85 years; acutely painful OA of the knee; radiologically diagnosed gonarthrosis (radiography <1 year); initial global spontaneous pain of ≥4 mm on a 0 to 10 numerical scale. Patients with

bilateral knee OA were eligible, but only the more symptomatic knee was treated and considered for the study.
	Severe infections or organ disease, including renal, hepatic insufficiencies, and hematopoietic diseases; severe psychiatric diseases that would interfere with adherence to the protocol, alcoholism, or ongoing or previous drug abuse <1 year; osteoarticular pathologies other than arthritis; corticotherapy by general route of administration in the previous 1 week; NSAIDs by general or local route during 3 days before the beginning of the study; subjects with skin disorders or skin trauma in the region to be treated; allergies or intolerance to diclofenac, aspirin or NSAIDs 

	Primacy efficacy measure was global spontaneous pain. Patients in the DETP group experienced a statistically significant reduction in pain at all time points.



	Giamberardino (2005), IBSA data on file1
2 studies:

1) DETP vs. PBO b.i.d. x 1 d (N = 20)

2) DETP vs. PBO b.i.d. x 3 d (N = 26)


	Osteoarthritis of the knee
	—
	Both studies showed significantly decreased pain sensitivity on pressure in the periarticular tissue after 24 hours. In the second study, decreased pain sensitivity was also shown 24 hours after removal of the patch.

	Lin et al. (2004)20 
Meta-analysis of RCTs, topical NSAIDs vs. PBO or oral NSAIDs
	Osteoarthritis

5 / 13 trials (1983 pts) involved topical diclofenac

2 / 5 trials evaluated DETP:  Bruhlmann and Michael (2003) and Dreiser and Tisne-Camus (1993)

Note:  This meta-analysis does not include the major efficacy/safety trials for diclofenac gel.
	—
	DETP was statistically superior to placebo in osteoarthritis of the knee in both trials with effect sizes of 1.08 and 0.71 (see table below). The reported NNT for clinical response for the trial by Dreiser (1993) was 2.9 (95% CI:  2.1–4.7).

	Effect Size for Pain Relief With Topical Diclofenac

REF

OA Location

Diclofenac (N)

Comparator (N)

Duration (wk)

Effect Size (SE) †
95% CI Includes Zero‡
Week 1

Week 2

Bruhlmann, Michel (2003)

Knee

Patch b.i.d. (51)

PBO (52)

2

1.08 (0.21)

No

No

Dreiser (1993)

Knee

Patch t.i.d. (78)

PBO (77)

2

0.71 (0.17)

No

No

Grace (1999)

Knee

Gel (38)

PBO (36)

2

0.66 (0.24)

No

No

Roth (1995)

Hip, knee, hand

Gel q.i.d. (59)

PBO (60)

2

0.31 (0.18)

Yes

Yes

Zacher (2001)

Hand

N/A (165)

Oral IBU t.i.d. (16)

3

–0.05 (0.11)

NR

NR

Source:  Meta-analysis by Lin et al (2004).20
†
Effect Size > 0 favors diclofenac; < 0 favors placebo.

‡
Based on Figure 3 of meta-analysis report.


	Localized Inflammatory Diseases

	Arroyo et al. (conference abstract)1 
DB PC CO Phase 3 RCT

DETP (Tissugel) b.i.d. x 6 d vs. PBO x 6 d, follow-up on day 14

N = 40 each group
	Shoulder and knee tendinopathy

Age over 65 y; hospitalized for specific and clearly detected periarticular pathologies of the shoulder and knee; acute pain greater than 10 days with functional impairment due to pain; unresponsiveness to a previous pharmacological (NSAID or analgesic) or physiotherapeutic treatment 
	Serious organic, uncompensated illnesses; acute infectious disease; terminal illness; acute liver or kidney failure; uncompensated psychiatric illnesses; treatment with antidepressants or anxiolytic agents for less than a month prior to study entry; an acute inflammatory disorder of the shoulder or knee justifying a more specific therapeutic approach; treatment with analgesics, NSAIDs (topical and systemic), or physical therapy for the treatment of the affliction within 10 days of study entry; intra-articular or periarticular steroid injections within a month of study entry; the presence of skin lesions or ulcers in the area of plaster application; cutaneous allergies and/or reactions to topical or systemic NSAIDs; gastroduodenal ulcerations
	Primary efficacy measures were self-assessment of spontaneous pain, pain on movement and the physician’s evaluation of pain. No statistically significant difference in primary efficacy measures in the two groups.



	Rosenthal and Bahous (1993)1
DETP b.i.d. (N = 96) vs. Diclofenac gel (Voltaren Emulgel®) q.i.d. (N = 94) x 14 d
	Localized inflammatory diseases (periarthropathies, epicondylitis / styloiditis, tendinitis / bursitis).
	—
	DETP was better than diclofenac gel in reducing pain and pain on pressure.

	Galleazzi and Marcolongo (1993)1
PC

DETP b.i.d. (N = 30) vs. PBO (N = 30) x 14 d
	Localized inflammatory diseases (isolated periarticular pathology, inflammatory periarticular pathology during rheumatic disease, and inflammatory extraarticular pathology)
	—
	DETP was superior to PBO in terms of safety and efficacy in reducing spontaneous pain and movement pain.

	Camarri (1991), IBSA Data on File 1
DETP (N = 31) vs. PBO (N = 30) b.i.d. x 14 d
	Localized inflammatory diseases (isolated periarticular and/or tendinous pathologies [tendinitis, bursitis, epicondylitis] and inflammatory extraarticular pathologies)
	—
	DETP was safe and efficacious in reducing spontaneous and movement pain in patients with either periarticular or extra-articular pathologies.

	Bahous (1991)1
Observational study

DETP b.i.d. x 10 d (N = 306)
	Localized inflammatory diseases
	—
	DETP was safe and effective.

	Rollo et al. (1994), conference abstract1
DB PC RCT

N = 20 (40 knees)

DETP (Tissugel®) (20 knees) vs. PBO (20 knees) b.i.d. x 14 d + 14 d for follow-up
	Localized inflammatory disease (bilateral gonarthritis with underlying rheumatoid arthritis) that was resistant to systemic antirheumatic therapies.
Periarticular and/or joint effusion; bilateral OA of the knee; morning stiffness for 60 minutes or more; ESR greater than 28 mm in the first hour; subcutaneous rheumatoid nodules; positivity for rheumatoid factor; bone alterations on X-rays; symmetric arthritis (in at least 3 joint regions at the same time)
	—
	Efficacy was measured by evaluating spontaneous pain, pain on pressure, pain on movement and joint swelling.  Statistically significant reduction in spontaneous pain was observed on DETP. Other outcome measures, including joint swelling and functional capacity of the knees, did not exhibit a statistically significant reduction in pain.



	Acute Thrombophlebitis

	Angehem (1999)1
Open-label

DETP (N = 50) vs. Usual Therapy (local heparin gel 50,000 [U] (N = 50) x 10 d, followed u to 14 d
	Acute Thrombophlebitis
	—
	DETP was safe and as efficacious as usual therapy.

	Venous Pain and Postsurgical Pain

	Agarwal et al. (2006)1
DETP applied to the buttock (N = 24) or hand (N = 24) vs. PBO (N = 24), applied 1 h before venous cannulation
	Venous pain and postsurgical pain
	—
	DETP was safe and efficacious in decreasing the incidence and severity of pain without local skin reactions. The incidence but not severity of venous cannulation pain decreased when DETP was applied to the buttock.

	Agarwal et al. (2007)1
DETP vs. EMLA vs. PBO patches (N = 150 in each group), applied 1 h before venous cannulation, then removed
	Venous pain and postoperativepain
	—
	DETP applied to the cannulation site decreased venous cannulation pain with minimal local reactions. DETP and EMLA were similar in efficacy. Relative to EMLA, DETP had a lower incidence of skin blanching and signs of PVT.

	Postoperative Pain

	Alessandri et al. (2006)1
PC

DETP vs. PBO q12h, applied to incisional sites postop x 36 h or until hospital discharge

Standard analgesics also given.
	Pain following laparoscopic gynecologic surgery
	—
	DETP was better than PBO and could also help shorten hospital stays.


Brief Summary of Other Studies Relevant to Topical NSAIDs and Other Topical Analgesics
Oral vs. Topical NSAIDs

Systematic reviews have assessed the benefit and harm of topical NSAIDs in comparison with placebo and oral NSAIDs in the treatment of osteoarthritis of the knee,
,
 and musculoskeletal disorders.21 Relative to placebo, topical NSAIDs were shown to be superior in reducing pain and improving function and stiffness in patients with osteoarthritis. Adverse event rates, including local effects at the application site, were no higher with topical NSAIDs than with placebo.21 

Efficacy of topical NSAIDs have not been shown beyond 2 weeks and long-term safety has not been adequately evaluated. In sensitivity analyses of one of the meta-analyses, only the type of NSAID (salicylate, diclofenac, eltenac, ibuprofen) influenced effect sizes.20 

Relative to oral NSAIDs, topical NSAIDS were not statistically different in relieving osteoarthritic pain20,21 with the exception that one of the meta-analyses showed a statistical difference favoring oral NSAIDs in only the first week of therapy.20 One meta-analysis showed no difference between topical and oral NSAIDs in clinical response rates.21 Adverse event rates, including gastrointestinal and systemic effects, and withdrawals due to adverse events with topical NSAIDs were lower than20 or similar to21 those of oral NSAIDs, except local effects at the site of application were more common with topical NSAIDs.20,21 
Efficacy of topical NSAID in chronic musculoskeletal pain are shown in Appendix Table 11. “Success” was author-defined as outcome measures (from the original double-blind, randomized trials) that represented about 50% or greater reduction in pain.
Appendix Table 11
Efficacy in Chronic Musculoskeletal Pain by Topical NSAID

	Topical NSAID
	Trials
	Patients
	NSAID Success
	Placebo Success
	Relative Benefit (95% CI)
	NNT (95% CI)
	Outcome Time Point(s), d

	Ketoprofen
	6
	517
	203/261
	101/256
	2.1 (1.7–2.5)
	2.6 (2.2–3.3)
	7, 8

	Felbinac
	3
	413
	112/210
	57/203
	1.6 (1.2–2.2)
	4.0 (2.9–6.2)
	7

	Ibuprofen
	5
	365
	112/183
	67/182
	2.0 (1.5–2.6)
	4.1 (2.9–6.9)
	7, 14

	Piroxicam
	3
	563
	179/283
	118/280
	1.4 (1.1–1.7)
	4.7 (3.4–7.7)
	7, ≤ 9

	Indomethacin
	3
	394
	95/197
	76/197
	1.3 (0.99–1.6)
	10 (5.2–()
	7


Source:  Mason et al. (2004)21 
The results of a large database case-control study suggested that topical NSAIDs are associated with a lower risk of gastrointestinal harm relative to oral NSAIDs.
 Another study has suggested topical NSAIDs are not associated with increased renal failure.

Topical NSAID vs. Topical NSAID

Two studies included in a meta-analysis by Mason, et al (2004) compared different topical NSAIDs in chronic musculoskeletal pain.21 One study showed no significant difference between diclofenac gel 1%and indomethacin gel 1% in terms of successful outcome based on physician global assessment at day 14 in 40 patients with rheumatic disease (mean age 76 years). Another study showed no significant difference between flurbiprofen patch and piketoprofen cream 1.8% in terms of improvement at day 14 in 129 patients with rheumatism (age ≥ 18 years).
Other Topical Analgesics vs. Topical NSAIDs

In chronic musculoskeletal pain, results of meta-analyses suggest that NNTs with topical NSAIDs (4.6, 95% CI:  3.8 to 5.9 at 1 week) are similar to those of topical salicylates (5.3; 3.6 to 10 at 2 weeks) and lower (better) than those for capsaicin (8.1; 4.6 to 34 at 4 weeks); however, apparent treatment differences are inconclusive because of different outcome time points and overlapping confidence intervals.21 
Capsaicin showed moderate to poor efficacy in chronic neuropathic or musculoskeletal pain; however, about one third of patients developed local skin irritation and one in 10 patients discontinued treatment.

One poor-quality study included in a meta-analysis by Mason, et al (2004) showed that etofenamate gel 5% had a lower success rate than diethylamine salicylate gel 10% in terms of patient global assessment at day 7 (8/25, 32% versus 24/25, 96%; calculated p < 0.001) in patients with chronic disorders (mean age 49 years).21  

A meta-analysis of topical rubefacients containing salicylates included an assessment of their efficacy in the treatment of acute pain due to sprains, strains, and sports injuries.
 The meta-analysis included 3 randomized (not necessarily double-blinded) trials (published from 1981 to 1987) involving a total of 182 patients. The salicylate products in the trials contained various combinations of ingredients:  diethylamine salicylate 5% and aescin (anti-inflammatory) 1%; salicylic acid 2%, mucopolysaccharide 0.2%, and adrenocortical extract 1%; or ethyl salicylate 1.7%, methyl salicylate 2.6%, glycolsalicylate 0.9%, salicylic acid 0.9%, camphor 0.4%, menthol 5.5%, and capsicum oleoresin 1.5%. It showed that topical salicylate combination products achieved success (outcome measure representing around 50% or greater reduction in pain at day 7) in 67% of patients (range, 25%–90%) as compared with 18% (range, 0–59%) for placebo. The relative benefit was 3.6 (95% CI:  2.4–5.6) and NNT was 2.1 (1.7–2.8). There were no significant treatment differences in local adverse events. The results suggest that rubefacients with salicylates may be efficacious in acute pain, but the data should be interpreted with caution because the trials were limited and of poor quality. It is questionable whether the results can be applied to products containing menthol and methyl salicylate (VANF item) because none of the three trials evaluated this particular combination. 

Limited pharmacokinetic data are available despite the longstanding, widespread use of topical methyl salicylate. One small (N = 8) study of the systemic absorption of camphor, menthol, and methyl salicylate after 8-hour application of topical patches showed average maximum methyl salicylate plasma concentrations of 29.5 ng/ml with 8 patches, 16.8 ng/ml with 4 patches, and measurable but low concentrations with 2 patches.
 The mean terminal half-life of methyl salicylate was 3.0 ± 1.2 hours. Another small study in four healthy volunteers showed that the bioavailability of methyl salicylate (6.7 g and 20 g of Ben Gay cream 15% [equivalent to 1 and 3 g methyl salicylate, respectively]) was 0.5 relative to oil of wintergreen (1 ml, equivalent to 0.98 g methyl salicylate), and plasma salicylate was undetectable after brief buccal exposure (holding 5 g of Ben Gay cream 15%—equivalent to 0.75 g methyl salicylate—in the buccal cavity for 1 minute then expectorating).
 However, methyl salicylate absorption was shown to increase three-fold in 6 healthy volunteers during exercise and heat exposure, presumably because of increased skin temperature, hydration, and blood flow.32 One fatality has been attributed to excessive use or excessive absorption of topical methyl salicylate “sports cream” in a young athlete.

A small study in 4 healthy adults showed marked prolongation of absorption (Tmax of 7 versus 2.4 h) and higher Cmax (145 mg/L, range 120–201 mg/L; versus 42 mg/L, range 36–51 mg/L) after oral ingestion of a high quantity of menthol/methyl salicylate (BenGay) 15% cream (20 g, equivalent to 2700 mg salicylate) as compared with a low quantity (6.7 g, 900 mg salicylate).
 The Tmax and Cmax with the high quantity of BenGay cream were higher than those for 1 ml of oil of wintergreen (1060 mg salicylate) (2.4 h, range 1.5–4 h, and 70 mg/l, range 52–81 mg/L, respectively). This study showed that the relative bioavailability of BenGay was 50% (range, 33%–69%) that of oil of wintergreen (for example, 50% x 180 mg/kg ingested dose = 90 mg/kg aspirin equivalent dose).
Although topical rubefacients contain lower percentages (e.g., ≤ 30%) of methyl salicylate than oil of wintergreen, one small study (N = 12) showed that salicylate levels achieved from topical application of methyl salicylate ointment 12.5% are dose-dependent, can be substantial, and highly variable between individuals.
 Based on small studies, factors that may contribute to increased absorption include menthol,
 camphor,31 repeated or prolonged use (> 3 to 4 applications),30 heat,
 and exercise.32 A small study (N = 5) showed that the site of application affects the extent of drug absorbed, with plasma salicylate concentrations highest after application to the abdomen, followed by the forearm, instep, heel, then plantar area.31 The type of formulation may also be a factor. A small trial (N = 8) showed that systemic salicylate, camphor, and menthol levels after application of adhesive patches containing methyl salicylate, camphor, and menthol were low even after long application times.
 Ingestion of other salicylate products during use of topical salicylates increase systemic salicylate exposure. 

A major disadvantage of methyl salicylate is its inherent toxicity. Salicylate analgesics are associated with significant adverse effects in therapeutic doses and substantial toxicity in overdoses. In poisonings, salicylates cause deleterious effects on cellular metabolism by uncoupling mitochondrial oxidative phosphorylation and inhibiting specific Krebs Cycle dehydrogenases. Direct and indirect effects of salicylates lead to mixed acid-base disorders (mainly metabolic acidosis and respiratory alkalosis), hyperthermia, hypotension, pulmonary edema, seizures, encephalopathy, cerebral edema, and other central nervous system toxicity. Acute ingestions of greater than 150 mg/kg aspirin equivalent doses and chronic ingestions of greater than 100 mg/kg/day for 2 days are potentially toxic. Thus, methyl salicylate can result in life-threatening acute toxicity when ingested or percutaneously absorbed from topical products. Small doses of oil of wintergreen (98% methyl salicylate) can be fatal in small children. Infants, the elderly, patients who have chronic overdoses, and those who have comorbid conditions generally develop more severe toxicity.34 
In contrast, NSAIDs carry significant risks in therapeutic doses but relatively low risk of severe toxicity or death in overdoses. Most acute overdoses of NSAIDs result in no or mild effects (typically lethargy and gastrointestinal upset).
 Severe overdoses may rarely cause hypotension, coma, respiratory depression, gastrointestinal bleeding, or acute renal insufficiency. Chronic toxicity may be manifested as blurred vision, vomiting, and diarrhea. 
In 2004, 12,005 (30%) of 40,405 human exposures to salicylates involved methyl salicylate.
 According to data from the Toxic Exposure Surveillance System (TESS), over an 18-year period from 1985 to 2003, there were 23 reported deaths due to either aspirin (15) or methylsalicylate (8). Of the 8 methyl salicylate deaths, 6 involved persons age 45 to 91 years old. There was wide variability in the severity of toxic effects from salicylate plasma concentrations and overdoses. Plasma concentrations of salicylate for mild, moderate, and severe overdoses overlapped. Notable case reports of systemic or significant dermal toxicity associated with topically applied methyl salicylate describe 

· tinnitus, diplopia, shortness of breath, mixed metabolic acidosis and respiratory alkalosis, and a plasma salicylate concentration of 515 mg/L after application of methyl salicylate ointment (strength not reported) twice daily to the thigh for several weeks35; 

· local skin necrosis in a 62 year old male who applied BenGay (18.3% methyl salicylate / 16% menthol) to his forearms and legs, and used a heating pad periodically35; 

· prolongation of the prothrombin time following the use of topical salicylate
,
,
; and
· chronic unspecified symptoms from increasing doses of methyl salicylate (as low as 6640 mg over 10 h) in adult patients convalescing from acute rheumatic fever.35 

These data suggest that calls to poison control centers due to exposure to methyl salicylate are common and that systemic salicylate toxicity and death due to percutaneous absorption of drug are relatively uncommon (probably because of the unpalatability of ointments and creams) but still possible. Indirect comparisons between topical salicylates and topical diclofenac are not possible because the TESS and the National Poison Data System that replaced TESS in 2006 do not provide poison data for any topical NSAIDs. 

Little published data is available on the local effects of topical salicylates. A cosmetic ingredient review expert panel evaluated various salicylate preparations, including methyl salicylate, as cosmetic ingredients.31 Their report mentioned that in clinical trials methyl salicylate > 12% was associated with pain and erythema, whereas an 8% solution was nonirritating. Atopic patients experienced irritation as a function of the methyl salicylate concentration, with no irritation at ≤ 15%. 

Evidence of the safety and efficacy of topical salicylate rubefacients is limited. The only studies found on topical salicylate were those included in one meta-analysis.25 Literature searches in PubMed (1966 to December 2008) and Cochrane Central Register of Controlled Trials found no randomized clinical trials evaluating topical methyl salicylate, camphor, menthol, or nicotinates (heat-producing substances) in the treatment of patients with pain. 
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