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Benefit-Risk Summary and Assessment 

The Applicant Ferrer Internacional, S.A. has demonstrated the safety and efficacy of ozenoxacin cream, 1%, (Xepi) in two adequate and well-

controlled superiority trials for the topical treatment of impetigo due to Staphylococcus aureus or Streptococcus pyogenes in patients two months 

of age and older. The NDA cannot be approved during this review cycle due to outstanding issues regarding manufacturing facilities. The NDA 

will receive a Complete Response letter. Satisfactory resolution of these issues will be needed before the NDA can be approved. 

 

Impetigo is a common, generally self-limited, superficial bacterial skin infection caused by S. aureus and S. pyogenes. Impetigo may be treated 

with topical or systemic antibacterial drugs. Systemic (oral) therapy is recommended for patients with multiple lesions or in outbreak settings. 

There are FDA-approved topical therapies for impetigo including mupirocin ointment, retapamulin ointment, and gentamicin sulfate cream and 

ointment. FDA-approved oral therapies for impetigo and uncomplicated skin and skin structure infections (includes impetigo) include anti-

staphylococcal penicillins, cephalosporins, clindamycin, and fluoroquinolones.  

 

Study P-110880-01 was a three-arm trial comparing ozenoxacin cream with placebo; a third arm, retapamulin 1% ointment, was included to test 

internal validity; all treatments were administered twice daily for 5 days. Clinical response rates (success/cure) at the end of therapy were 34.8% 

for ozenoxacin, 19.2% for placebo, and 37.7% for retapamulin. The treatment difference was 15.6% (95% confidence intervals (CI), 5.8, 25.3, p 

= 0.002). Study P-110881-01 was a two-arm trial comparing ozenoxacin cream with placebo; treatments were administered twice daily for 5 

days. Clinical response rates (success/cure) at the end of therapy were 54.4% for ozenoxacin and 37.9% for placebo. The treatment difference 

was 16.5% (95% CI, 6.9, 25.8), p <0.001). In Study P-110881-01, the response rates in both arms were approximately 20% higher than that seen 

in Study P-110880-01. In this trial, a different version of the response rating instrument was used and the definition of the primary endpoint of 

success also differed with regard to some of the specific components of the endpoint. The treatment difference for ozenoxacin over placebo was 

consistent across trials.  Also, the response rate of the ozenoxacin group in Study P-110880-01 was similar to that of the retapamulin group. 

Subgroup analyses suggest the treatment benefit may be limited for patients over 12 years of age and for patients with bullous impetigo. 

 

No significant safety concerns were identified in the clinical program. Only one serious adverse reaction was reported; this was unrelated to the 

study medication. . 

 

The Office of Pharmaceutical Quality review team concluded that the NDA did not provide sufficient CMC information to assure the identity, 

strength, purity, and quality of the proposed drug product and recommended issuance of a Complete Response letter. A warning letter has been 

issued for the drug substance manufacturing site. Satisfactory resolution of the observations at this facility will be needed before the NDA can be 

approved.  

 

Reference ID: 4114932

(b) (4)







NDA 208945, Ozenoxacin Division Director Review 

 5 

2. Background 
 

Ozenoxacin cream, 1%, (Xepi) is a non-fluorinated quinolone antibacterial drug developed for 

the topical treatment of impetigo due to S. aureus or S. pyogenes in patients two months of age 

and older. The proposed dosage and administration is a thin layer of cream applied to the 

affected area twice daily for five days. The clinical program included 14 phase 1 studies, one 

Phase 2 trial, and two Phase 3 trials. 

Ozenoxacin 1% cream is not approved in any country. Ozenoxacin lotion, 2%, (Zebiax) is 

approved in Japan for the treatment of superficial skin infections and acne (accompanied by 

purulent inflammation).  

Impetigo is a contagious, superficial bacterial skin infection caused by S. aureus and Group A 

streptococci and is seen most commonly in children 2-5 years of age. Impetigo occurs in two 

forms: nonbullous and bullous. Nonbullous impetigo, the more common form, starts as 

papules or vesicles that rupture forming honey-colored crusts. Lesions typically develop on 

exposed areas at sites of minor trauma to the skin. S. aureus is now the most common cause of 

nonbullous impetigo. Bullous impetigo is occurs primarily in infants and young children and is 

characterized by flaccid, generally painless bullae that rupture easily, leaving moist, 

erythematous erosions that dry to a thin brown crust. This form is caused almost exclusively 

by S. aureus.  

Localized impetigo may be treated with topical antimicrobial therapy.  FDA-approved topical 

therapies for impetigo include mupirocin ointment, retapamulin ointment, and gentamicin 

sulfate cream and ointment. Systemic therapy is used for patients with widespread lesions or in 

outbreak settings. FDA-approved oral therapies include anti-staphylococcal penicillins, 

cephalosporins, clindamycin, and fluoroquinolones; the approved indication for the oral 

therapies is generally skin and skin structure infections or uncomplicated skin and skin 

structure infections, which include impetigo.  

3. Product Quality 
 

Dorota Matecka, PhD is the Application Technical Lead for this NDA. 

 

Ozenoxacin drug substance specifications provided in the NDA were considered adequate. The 

drug substance is manufactured by . Stability data support a retest 

period of months. 

 

The drug product manufacturer for the Phase 3 trials was Ferrer Internacional, S.A., Spain; the 

proposed commercial manufacturer is Teligent Pharma, Inc., U.S. The drug product, 

ozenoxacin cream, 1%, is a pale yellow cream supplied in 10-, 30-, and 45-gram aluminum 

tubes. The drug substance is . Inactive ingredients 

include octyldodecanol, peglicol 5 oleate, pegoxol 7 stearate, propylene glycol, stearyl alcohol, 

purified water, and benzoic acid . The drug product 
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specifications provided in the NDA were considered acceptable. Stability data support 

expiration dating for the drug product of 36 months when stored at room temperature. 

 

The product quality microbiology reviewer found the data to be adequate and recommends 

approval of the NDA from a product quality microbiology perspective. The biopharmaceutics 

reviewer noted that the in vitro release test method and in vitro drug release data were 

adequate to support the proposed change in manufacturing site from Ferrer to Teligent. 

 

Multiple cGMP deficiencies were identified at the drug substance manufacturing site, 

, during the most recent inspection in .  A warning letter was issued for 

this facility in . The drug product manufacturing and testing facilities were 

acceptable. The overall recommendation from the Office of Process and Facilities for this 

NDA is “Withhold”. 

 

The Office of Pharmaceutical Quality review team concluded that the NDA did not provide 

sufficient CMC information to assure the identity, strength, purity, and quality of the proposed 

drug product and recommended issuance of a Complete Response letter, pending resolution of 

the issues with the drug substance manufacturing facility. I agree with their assessment. 

4. Nonclinical Pharmacology/Toxicology 

Tessie Alapatt, Ph.D., is the pharmacology/toxicology reviewer for this NDA. Ozenoxacin 1% 

showed low potential for dermal irritation after repeated application to rats, rabbits, and 

minipigs. It was well-tolerated when administered to intact and abraded skin in a 4-week 

repeat-dose study in minipigs. Ozenoxacin plasma concentrations were below the lower limit 

of quantitation when ozenoxacin 1% cream was applied topically to intact and abraded skin in 

minipigs.  

Safety pharmacology studies using an oral form of ozenoxacin revealed no effects on the 

cardiovascular system of dogs or the respiratory and central nervous systems of rats. 

Ozenoxacin did not affect fertility or reproduction in male and female rats. Delays in 

ossification of rib pairs and alterations in the numbers of thoracic and lumbar vertebrae were 

observed in rats, and low fetal weights were observed in rats and rabbits. Dr. Alapatt 

considered the safety pharmacology and reproductive and developmental toxicity findings to 

be of limited relevance as there is minimal systemic exposure with topical use. There was no 

evidence for genotoxicity in the in vitro or in vivo tests.  

Dr. Alapatt concluded that the nonclinical studies support the approval of ozenoxacin 1% 

cream for the topical treatment of impetigo in patients two months of age and older.  

5. Clinical Pharmacology  
 

Xiaohui (Tracey) Wei, Ph.D., is the clinical pharmacology reviewer for this NDA. Three 

pharmacokinetic studies evaluated systemic absorption of ozenoxacin in healthy subjects and 

in patients with impetigo, with single or repeated application of up to 1 g to intact or abraded 

skin (up to 200 cm
2
 surface area). Plasma ozenoxacin concentrations were below the lower 
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limit of quantitation (0.489 ng/mL) for 84 of 86 subjects; two pediatric patients had levels 

slightly above the lower limit of quantitation. 

In healthy subjects administered ozenoxacin 2% cream, ozenoxacin concentrations were high 

in the stratum corneum and epidermis and near the lower limit of quantitation (5.01 ng/mg) in 

the dermis, indicating that ozenoxacin penetrates poorly into deeper layers of the skin. 

 

Ozenoxacin is to be applied to the affected area twice daily for five days. The affected area 

may be up to 100 cm
2
 in adult and pediatric patients 12 years of age and older or 2% of the 

total body surface area and not exceeding 100 cm
2
 in pediatric patients less than 12 years of 

age.   

 

Dr. Wei recommends approval of this NDA, pending agreement on labeling. I agree with her 

assessment. 

  

6. Clinical Microbiology  

Avery Goodwin, PhD is the clinical microbiology reviewer for this NDA. Ozenoxacin acts by 

inhibiting bacterial DNA gyrase A and topoisomerase IV and has been shown to be 

bactericidal against S. aureus and S. pyogenes. Quinolone resistance can arise through 

mutations of one or more of the genes that encode DNA gyrase or topoisomerase IV. The 

frequency of resistant mutants selected in vitro by ozenoxacin was ≤10
-10

. 

 

The in vitro activity of ozenoxacin was evaluated against Gram-positive isolates from multiple 

sources, including skin, wounds, abscesses, tissue, and blood, collected from centers in the 

U.S. and worldwide. The MIC90 against S. aureus isolates was 0.25 mg/L and against             

S. pyogenes isolates was 0.015 mg/L. 

 

In the Phase 3 trials, S. aureus and S. pyogenes were identified in 66% and 50% of patients 

respectively. A few patients had infection due to methicillin-resistant S. aureus. No significant 

differences were seen in cure rates by baseline pathogen. 

 

Dr. Goodwin recommends approval of the NDA and I agree with this assessment. 

 

7. Clinical/Statistical-Efficacy 
 

Nicholas Rister, MD is the clinical reviewer and Christopher Kadoorie, PhD is the statistical 

reviewer for this NDA. 

 

Phase 2 trial 

 

In this four-arm placebo-controlled trial in 199 adult patients with Secondarily Infected 

Traumatic Lesions (SITL), three concentrations of ozenoxacin cream, 0.25%, 1%, and 2% 

were studied. At the end of seven days of treatment, clinical responses in the 1% arm were 
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better than placebo; the 0.25% and 2% arms did not demonstrate significant improvement over 

placebo. 

 

Phase 3 trial 

 

The Applicant conducted two adequate and well-controlled trials in patients with impetigo to 

support the indication. 

 

Study P-110880-01 (Study 880) was a multicenter, three-arm (ozenoxacin, placebo, 

retapamulin), investigator-blind trial that compared the efficacy and safety of ozenoxacin 

cream with placebo in the treatment of impetigo; retapamulin was included to test internal 

validity. This trial enrolled patients 2 years of age and older and was conducted at 27 sites in 

the U.S., Europe, and South Africa from March 2012 to January 2013. Study P-110881-01 

(Study 881) was a multicenter, randomized, double-blind trial that compared the safety and 

efficacy of ozenoxacin cream with placebo in the treatment of impetigo. This trial enrolled 

patients 2 months of age and older and was conducted at 44 sites in the U.S., Puerto Rico, 

Europe, and South Africa from June 2014 to May 2015. 

 

The clinical evaluation of impetigo was based on a Skin Infection Rating Scale (SIRS). 

However, the two trials used different versions of the rating scale as well as slightly different 

classifications for signs and symptoms. In Study 880, total SIRS scores were calculated using 

a rating scale of 0 to 6 (0 = absent, 2 = mild, 4 = moderate, 6 = severe) for 7 signs or 

symptoms (exudate/pus, crusting, erythema/inflammation, tissue warmth, tissue edema, 

itching, and pain); the maximum score is 42. In Study 881, total SIRS scores (modified 

version) were calculated using a rating scale of 0 to 3 (0 = absent, 1 = mild, 2 = moderate, 3 = 

severe) for 5 signs or symptoms (exudate/pus, crusting, erythema/inflammation, blistering, and 

itching/pain); the maximum score is 15. The scale used in Study 881 is based on the Draft 

Guidance on Mupirocin from the Office of Generic Drugs.
2
 

 

In Study 880, patients ≥2 years of age with a clinical diagnosis of bullous or nonbullous 

impetigo with an affected area of 1-100 cm
2
 and a total SIRS score of at least 8, including a 

pus/exudate score of at least 1, were eligible for enrollment. In Study 881, patients ≥2 months 

of age with a clinical diagnosis of bullous or nonbullous impetigo with an affected area of 2-

100 cm
2
 and a total SIRS score of at least 3, including a pus/exudate score of at least 1, were 

eligible for enrollment.  

 

In both trials, surrounding erythema could not extend for more than 2 cm from the edge of any 

affected area, and, for patients under 12 years of age, the total affected area could not exceed 

2% of body surface area. Patients were excluded if they had an underlying skin disease with 

evidence of a secondary infection, a bacterial infection that could not be treated appropriately 

with a topical antimicrobial, or signs or symptoms of a systemic infection. In addition, patients 

could not have been treated with an oral antimicrobial within the previous 7 days, a topical 

antimicrobial within 5 cm of the edge of the affected area within the previous 7 days, or a 

long-acting injectable antimicrobial within the previous 30 days. Any topical therapeutic agent 

                                                 
2
 FDA Draft Guidance on Mupirocin (June, 2010) 
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could not have been applied to the affected area within the previous 24 hours. Samples from 

the affected area were to be collected for culture at baseline and at subsequent visits if material 

was present and could be collected. 

 

In Study 880, patients were randomly assigned (1:1:1) to receive ozenoxacin 1% cream, a 

matching placebo cream, or retapamulin 1% ointment. In Study 881, patients were randomly 

assigned (1:1) to receive ozenoxacin 1% cream or a matching placebo cream. Randomization 

was stratified by age (<12 years, 12-<18 years, >18 years). Patients received treatment twice 

daily for 5 days.  

 

The primary efficacy endpoint in both trials was clinical response (success or failure) at the 

end of therapy visit on Day 6-7. In Study 880, success was defined as having a SIRS score of 0 

for exudate/pus, crusting, tissue warmth and pain, and 0 or 1 for erythema/inflammation, tissue 

edema, and itching. In Study 881, success was defined as having a SIRS score of 0 for 

blistering, exudate/pus, crusting, itching/pain, and 0 or 1 for erythema/inflammation. In both 

trials, for success, the clinical response had to be such that no additional antimicrobial therapy 

for the affected area was necessary.  

 

The primary analysis population was the intent-to-treat clinical (ITTC) population, which 

included all patients who were randomized.  The intent-to-treat bacteriological (ITTB) 

population, included all patients in the ITT population who had a baseline pathogen identified; 

in Study 881, this had to be S. aureus or S. pyogenes. The per protocol clinical (PPC) 

population, included the subset of ITTC patients without protocol deviations, and the per 

protocol bacteriological (PPB) population, included the subset of PPC patients who had 

baseline pathogen identified. 

 

Both trials tested the superiority of ozenoxacin over placebo for clinical response at the end of 

therapy visit in the ITTC population.  

 

In Study 880, 465 patients were randomized, 155 to ozenoxacin, 156 to placebo, and 154 to 

retapamulin. The median age was 9 years; 61% patients were 2 years to <12 years of age, and 

52 (11%) were 12 to <18 years of age; ~60% of patients were male, and 50% were black. Most 

patients (67%) were from South Africa and 6% were from the U.S. Approximately 80% of 

patients had nonbullous impetigo. S. aureus was isolated from 61% of patients and S. pyogenes 

from 46%. Approximately 50% of patients had a single affected area. The mean total SIRS 

score was 14.7. 

 

In Study 881, 412 patients were randomized, 206 to ozenoxacin and 206 to placebo. The 

median age was 10 years; 28 (7%) patients were 2 months to <2 years of age, 199 (48.3%) 

were 2 years to <12 years of age, and 46 (11%) were 12 to <18 years of age.  Approximately 

50% of patients were male, and 64% were white; 36% of patients were enrolled in Europe and 

34% were from the U.S. Approximately 86% of patients had nonbullous impetigo. S. aureus 

was isolated from 54% of patients and S. pyogenes from 9%. Approximately 40% of patients 

had a single affected area. The mean total SIRS score was 7.6. 
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Table 1 shows clinical response rates at the End of Therapy (EOT) in Study 880. The FDA 

primary analyses considered all patients with missing or indeterminate outcomes as failures. 

Success rates at the end of therapy were significantly greater for both ozenoxacin and 

retapamulin compared with placebo. The finding for retapamulin supports the internal validity 

of the trial. 

 

Table 1: Clinical Outcome in Study 880 at End of Therapy (ITT Population) 

 
Clinical Outcome Ozenoxacin 

(n=155) 

Retapamulin  

(n=154) 

Placebo 

(n=156) 

 n (%) n (%) n (%) 

Clinical Success/Cure 54 (34.8) 58 (37.7) 30 (19.2) 

Clinical Failure 

 

Improvement 

Failure 

Unable to determine 

 

101 (65.2) 

 

97 (62.6) 

1 (0.6) 

3 (1.9) 

96 (62.3) 

 

90 (58.4) 

1 (0.7) 

5 (3.2) 

126 (80.8) 

 

119 (76.3) 

1 (0.6) 

6 (3.8) 

Difference in success rate vs. 

placebo (95% CI) 

15.6 (5.8, 25.3) 

     p = 0.002 

18.4 (8.5, 28.2) 

       p < 0.001 

 

Modified from statistics review, Table 10 

 

For nonbullous impetigo, clinical success rates at EOT were 49/122 (40.2%) in the ozenoxacin 

arm and 22/122 (18.0%) in the placebo arm. For bullous impetigo, success rates were 5/33 

(15.2%) in the ozenoxacin arm and 8/34 (23.5%) in the placebo arm. Clinical success rates at 

the follow-up visit on Day 10-13 were also significantly greater in the ozenoxacin and 

retapamulin arms compared to placebo. 

 

Table 2 shows clinical response rates at EOT in Study 881. As with Study 880, in the FDA 

primary analyses all patients with missing or indeterminate outcomes were considered as 

failures. Success rates at the end of therapy were significantly greater for ozenoxacin over 

placebo. Success rates in this trial were ~ 20% higher than in Study 880 in both the ozenoxacin 

and placebo arms, but the treatment difference was consistent across trials, with differences in 

success rates of 15.6% and 16.5% in favor of ozenoxacin. The trials used different SIRS 

versions and different primary endpoint definitions. 
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Table 2: Clinical Outcome in Study 881 at End of Therapy (ITT Population) 

 

Clinical Outcome Ozenoxacin 

(n=206) 

Placebo 

(n=206) 

Difference in success 

rate vs. placebo  

(95% CI) 

 n (%) n (%) 16.5 (6.9, 25.8) 

p < 0.001 Clinical Success/Cure 112 (54.4) 78 (37.9) 

Clinical Failure 

 

Improvement 

Failure 

Unable to determine 

 

94 (45.6) 

 

84 (40.8) 

7 (3.4) 

3 (1.5) 

128 (62.1) 

 

105 (51) 

16 (7.8) 

7 (3.4) 

Modified from statistics review, Table 11 

For nonbullous impetigo, clinical success rates at EOT were 100/182 (55.3%) in the 

ozenoxacin arm and 66/172 (38.4%) in the placebo arm. For bullous impetigo, success rates 

were 12/25 (48.0%) in the ozenoxacin arm and 12/34 (35.3%) in the placebo arm. Clinical 

success rates at the follow-up visit on Day 10-13 were also significantly greater for ozenoxacin 

compared to placebo.   

 

In both trials, sensitivity analyses performed by Dr. Kadoorie showed that the treatment effect 

was generally consistent with various assumptions made regarding the analysis population, 

timing of visit, and missing data. Additional analyses for some secondary endpoints such as 

changes in Total SIRS scores, reduction in size of the affected area, and complete resolution of 

lesions supported the primary analyses. Drs. Rister and Kadoorie concluded that the Applicant 

has provided adequate evidence to support the efficacy of ozenoxacin cream 1% for the 

treatment of impetigo. Dr. Smith, the CDTL agrees with their assessment. I agree with their 

assessment that the efficacy of ozenoxacin cream 1% for the treatment of impetigo has been 

demonstrated in two adequate and well-controlled trials. 

8. Safety 

The clinical development program for ozenoxacin included 17 clinical studies: 14 Phase 1 

studies, one Phase 2 trial, and two Phase 3 trials. A total of 1354 subjects were exposed to 

ozenoxacin cream of varying strengths or ozenoxacin ointment. 

 

No deaths were reported. A single serious adverse event (SAE) was reported; a patient in a 

dermal sensitization study had an SAE of upper limb fracture, which was unrelated to study 

drug. 

 

Eight Phase 1 studies evaluated dermal tolerability of ozenoxacin 1% and 2% creams and 

showed low potential for irritation, photo-irritation, photoallergy, and dermal sensitization. 

The most commonly reported adverse events (AEs) in these studies were nasopharyngitis and 

headache. The most commonly reported AEs in the six phase 1 studies were erythema 

associated with the adhesive dressing, application site erythema, and application site pruritus. 
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In the Phase 2 SITL trial in adults, application site irritation and application site pruritus were 

the most commonly reported AEs. The three AEs leading to withdrawal from the trial were 

worsening skin laceration in a placebo-treated patient, diabetic nephropathy in a patient 

receiving ozenoxacin 1% cream, and application site irritation in a patient receiving 

ozenoxacin 2% cream. 

 

In the pooled Phase 3 trials, AEs were reported in 16 of 352 (4.4%) ozenoxacin-treated 

patients and in 17 of 361 (4.7%) placebo-treated patients. The most commonly reported AEs 

were nasopharyngitis, diarrhea, eosinophilia, and rhinitis.  

 

Dr. Rister concluded that there were no significant safety concerns with ozenoxacin 1% cream 

for the treatment of impetigo in patients 2 months of age and older. Dr. Smith, the CDTL for 

this NDA concurs with his assessment. I agree with Drs. Rister and Smith that there are no 

safety concerns with the topical use of ozenoxacin that preclude approval. 

9. Advisory Committee Meeting   
 

This NDA was not discussed at an advisory committee meeting as there were no specific 

questions/issues that needed input from the committee. 

10. Pediatrics 
 

The Applicant requested a partial waiver of pediatric studies in children less than 2 months of 

age as studies are impossible or highly impracticable in this age group. The partial waiver 

request and the pediatric assessment were discussed with the Pediatric Review Committee 

(PeRC) on May 17, 2017, and PeRC concurred with the Division to grant the partial waiver. 

11. Other Relevant Regulatory Issues 

Sharon Gershon, PharmD is the reviewer from the Office of Scientific Investigations. 

Inspections of three clinical investigator sites from the Phase 3 trials and the Applicant were 

conducted. Inspection of the three clinical sites did not show any major violations and were 

classified as no action indicated (NAI). Inspection of the Applicant was also classified as NAI. 

Dr. Gershon concludes that the data submitted to support the NDA are acceptable.   

12. Labeling 

Labeling recommendations provided by the review team, including OPDP and DMEPA have 

been incorporated in labeling. The trade name Xepi was considered acceptable by DMEPA. 

13. Postmarketing 
 

There are no postmarketing commitments or requirements at this time. The DRISK reviewer, 

Till Olickal notes that a REMS is not needed to ensure the benefits of ozenoxacin cream 1% 
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outweigh its risks. The NDA will be receiving a complete response due to outstanding issues 

with the manufacturing facility.  
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