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Background. Topical antimicrobial therapy of infected diabetic foot ulcers can focus on the wound and avoid
the adverse effects of systemic anti-infective agents. We compared the efficacy of outpatient treatment using an
investigational topical antimicrobial peptide, pexiganan acetate cream, with the efficacy of systemic therapy using
an oral fluoroquinolone antibiotic, ofloxacin, for mildly infected diabetic foot ulcers.

Methods. In 2 consecutive, double-blind, controlled trials (study 303 and study 304), we randomized diabetic
patients with a mildly infected diabetic foot ulcer to receive the active topical agent or active oral antibiotic, plus
a respective inactive placebo. The primary outcome of interest was clinical cure or improvement of the infection.
Secondary outcomes included eradication of wound pathogens and wound healing, which was documented by a
semiquantitative scoring system.

Results. Overall, 835 patients were randomized; those in each treatment arm were similar with regard to
demographic and clinical characteristics. Although study 303 failed to demonstrate equivalence, study 304 and the
combined data for the 2 trials demonstrated equivalent results (within the 95% confidence interval) for topical
pexiganan and oral ofloxacin in clinical improvement rates (85%–90%), overall microbiological eradication rates
(42%–47%), and wound healing rates. The incidence of worsening cellulitis (2%–4%) and amputation (2%–3%)
did not differ significantly between treatment arms. Bacterial resistance to ofloxacin emerged in some patients
who received ofloxacin, but no significant resistance to pexiganan emerged among patients who received pexiganan.

Conclusions. Topical pexiganan might be an effective alternative to oral antibiotic therapy in treating diabetic
patients with a mildly infected foot ulcer, and might reduce the risk of selecting antimicrobial-resistant bacteria.

Clinical trials registration. NCT00563394 and NCT00563433.

Foot infections, a frequent and serious complication of

diabetes [1, 2], are among the most common diabetes-

related causes of hospitalization and the leading cause

of nontraumatic lower limb amputation [3]. Treating

a diabetic foot infection (DFI) requires proper wound

care and appropriate antibiotic therapy [3]. The anti-
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biotic(s) selected must cover the often-polymicrobial

organisms that cause these infections. Clinical trials

have demonstrated the effectiveness of various systemic

(oral and parenteral) antibiotics in treating DFI, in-

cluding fluoroquinolones, such as ofloxacin [4–9]. A

chosen antibiotic regimen must balance effectiveness

against potential adverse effects and the likelihood of

emergence of antibiotic resistance.

According to the internationally accepted [2, 10] and

verified [11] DFI classification, wound depth is an im-

portant determinant of severity. Thus, a mild wound

infection (superficial in depth and limited in size) could

be amenable to treatment with a topically administered

anti-infective agent. Topical treatment has the advan-

tages of avoiding systemic adverse effects, providing

increased target site concentration, and allowing the use
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Table 1. Diabetic foot ulcer wound infection score that was used to evaluate an infected wound at each visit during the study.

Parameter

Wound infection score

0 1 2 3

Purulent drainage Absent … … Present
Nonpurulent drainage (serous, sanguinous) Absent Mild Moderate Severe
Erythema None Mild: pink,

barely perceptible
Moderate: pale red,

defined edges
Severe: red to dark red

Induration None Mild Moderate Severe
Tenderness (sign) None Mild Moderate Severe
Pain (symptom) None Mild Moderate Severe
Local warmth (relative to uninfected contralateral foot) Same Mildly increased Moderately increased Severely increased

NOTE. Each of the 7 parameters was scored from 0 to 3, then all of the scores were added to generate a total wound infection score.

of agents not available for systemic therapy [12]. An acceptable

topical anti-infective agent would need to demonstrate activity

against the spectrum of bacteria that are known to cause DFI,

and it would need to avoid serious adverse effects, interference

with wound healing, or induction of drug resistance.

To date, no topical anti-infective agent has been proven to

be effective for treating DFI [13]. Antimicrobial peptides, a

class of agents generated by most animals [14], provide a de-

fense against environmental microbes while largely sparing host

cells and avoiding the induction of resistant organisms [14–

16]. These peptides are active against a wide spectrum of path-

ogens, including antibiotic-resistant bacteria, and provide an

antimicrobial shield that covers and sterilizes the healing

wound. Thus, they are promising candidates for the treatment

of various skin infections [17]. Pexiganan is a 22–amino acid

synthetic analogue of the peptide magainin II [18–21]; it is

engineered for potency against many bacteria. In vitro, pexi-

ganan has activity against most clinical bacterial isolates cul-

tured from infected diabetic foot ulcers [18, 19, 22]. We there-

fore undertook 2 randomized clinical trials to compare the

efficacy of topical pexiganan acetate cream with oral ofloxacin.

PATIENTS AND METHODS

Study Design

We conducted 2 outpatient, multicenter, phase 3, double-blind,

randomized, parallel group-controlled (active control and dou-

ble-dummy placebo) studies involving patients with a mildly

infected diabetic foot ulcer. Participating sites for the sequential

independent studies (designated study 303 and study 304 and

carried out in different centers) were in the United States. Ma-

gainin Pharmaceuticals sponsored the studies, which were iden-

tical in design, except that study 303 initially randomized 100

patients to receive a 2% (rather than 1%) concentration of

pexiganan. Study protocols met Declaration of Helsinki and

Good Clinical Practices principles and were approved by the

institutional review boards of participating centers.

Patients

Men or women aged �18 years who had diabetes mellitus

(according to American Diabetes Association definitions) could

potentially be enrolled if they had an infected wound below

the malleoli that exceeded 0.5 cm2 in area after appropriate

debridement. Wounds had to be full thickness (i.e., through

the epidermis and into or through the dermis, but not involving

tendon, bone, or joint capsule). Infection was defined by the

presence of purulent drainage or �2 of the following: erythema,

warmth, pain or tenderness, or edema or induration. The DFI

had to be severe enough to require antibiotic therapy, but it

had to be amenable to outpatient treatment. Patients were ex-

cluded if they had an abscess, extensive gangrene, an immi-

nently limb-threatening infection, evidence of systemic infec-

tion (e.g., fever, chills, or hypotension), plain radiograph

findings suggestive of osteomyelitis, no palpable dorsalis pedis

or posterior tibial pulse or a pedal systolic pressure (by Dopp-

ler) of �40 mm Hg on the affected limb, requirement for renal

dialysis, need for immunosuppressive medication, or hyper-

sensitivity to either study medication.

Patients were instructed to take 2 tablets (either 200 mg of

active ofloxacin [Floxin; Ortho-McNeil] or placebo) orally

twice daily and to apply a cream (either active pexiganan acetate

or placebo, sufficient to form a dime thick layer) twice daily

directly onto the ulcer and to dress the wound with sterile, dry

gauze. Patients randomized to treatment with pexiganan re-

ceived placebo tablets, and those randomized to ofloxacin treat-

ment received placebo cream. Investigators performed appro-

priate local wound care, including any necessary debridement

and pressure off-loading of the infected site, and they obtained

wound tissue specimens for aerobic and anaerobic culture at

enrollment. Nonstudy systemic or topical anti-infective agents

were not allowed after enrollment.

Investigators used a wound scoring system devised for this

study, based on the system from Knighton et al. [23] as mod-

ified by Pecoraro et al. [24], that measured the wound and

assessed signs and symptoms of inflammation or infection. In-
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Figure 1. Diagrams of 2 randomized, double-blind controlled trials comparing topical pexiganan cream with oral ofloxacin for the treatment of mildly
infected diabetic foot infections. ITT, intention to treat; ITTM, intention to treat microbiological.

Table 2. Clinical and microbiological outcomes at end of treatment (EOT) and follow-up visits for patients who received either
pexiganan or ofloxacin in the intention-to-treat populations.

Visit and study(s)

Clinical cure or improvement Microbiological responsea

Pexiganan
treatment group

Ofloxacin
treatment group Difference (95% CI)

Pexiganan
treatment group

Ofloxacin
treatment group Difference (95% CI)

EOT

303 210/247 (85.0) 224/246 (91.1) �6.04 (�11.74 to � 0.33) 91/189 (48.1) 94/198 (47.5) 0.68 (�9.29 to 10.63)

304 153/171 (89.5) 153/171 (89.5) 0.00 (�6.51 to 6.51) 63/138 (45.7) 66/140 (47.1) �1.49 (�13.22 to 10.24)

303 and 304 363/418 (86.8) 377/417 (90.4) �3.57 (�7.87 to 0.74) 154/327 (47.1) 160/338 (47.3) �0.25 (�7.84 to 7.35)

Follow-up

303 186/243 (76.5) 201/240 (83.8) �7.21 (�14.29 to �0.12) 78/185 (42.2) 90/194 (46.4) �4.23 (�14.23 to 5.77)

304 134/163 (82.2) 137/163 (84.0) �1.84 (�9.97 to 6.29) 55/130 (42.3) 62/134 (46.3) �3.96 (�15.94 to 8.02)

303 and 304 320/406 (78.8) 338/403 (83.9) �5.05 (�10.41 to 0.31) 133/315 (42.2) 152/328 (46.3) �4.12 (�11.80 to 3.56)

NOTE. Data are proportion (%) of patients, unless otherwise indicated. Equivalence was demonstrated between pexiganan and ofloxacin if the 95% CI
included zero.

a Patients in the intention-to-treat population in whom some or all of the initially isolated pathogens were eradicated, in whom there were no new pathogens
isolated, and who experienced clinical cure or improvement.

vestigators conducted follow-up clinical evaluations (including

wound scoring) and obtained wound cultures (when possible)

at 3, 10, 14, and 21 days after enrollment; at end of treatment

(EOT); and at follow-up (2 weeks after EOT). The minimum

treatment course was 14 days, but investigators could extend

the treatment for up to 28 days, if necessary. Thus, the EOT

visit was 14–28 days after enrollment and the follow-up was

28–42 days after enrollment. For patients who withdrew from

the study early, the date of the last recorded clinical evaluation

(and wound culture) was deemed to be EOT.

Analysis of Results

The primary outcome was the clinical improvement of infection

in response to antimicrobial treatment. Secondary outcomes of

note included eradication of the wound pathogens, healing of

the ulcer, development of resistance to a study drug, and safety

of the treatments.

Clinical outcome. At each visit after enrollment, the in-

vestigator graded the clinical response as (1) “infection resolved

or cured” (all signs and symptoms of infection resolved), (2)

“infection improving” (most, but not all, signs and symptoms

of infection improved or resolved), (3) “treatment failure” (�1

signs or symptoms of infection substantially worsening), (4)

“unevaluable” (!3 days of study treatment or patient lost to

follow-up), or (5) “recurrence” (a previously cured or improved

infection showing worsening of signs or symptoms of

infection).

Wound assessments. Investigators compiled a “total wound

score” that included ratings of signs and symptoms of infection,

wound measurements (maximum length, width, and depth),

and assessment of granulation tissue. A “wound infection score”

(table 1) was semiquantitatively assessed by grading each of 7

parameters with a score of 0–3: (1) purulent drainage, (2) non-

purulent drainage, (3) erythema, (4) induration, (5) tenderness,

(6) pain, and (7) local warmth. Investigators measured wound

area by planimetry of wound tracings [25] and measured

wound depth with a probe.

Microbiological assessments. Investigators cultured sam-

ples obtained from the wound at baseline, at day 3, and at all

other study visits at which culturable material and signs of
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Table 3. The number of individuals with wound pathogens isolated at baseline and the eradication of those
pathogens at follow-up in the microbiological intention-to-treat population in studies 303 and 304.

Pathogen

Pexiganan treatment group Ofloxacin treatment group

No. of patients
with pathogen

isolated at baseline

No. (%) of patients
with pathogen
eradicated at

follow-up

No. of patients
with pathogen

isolated at baseline

No. (%) of patients
with pathogen
eradicated at

follow-up

Staphylococcus aureus 142 72 (51) 161 97 (60)
Enterococcus faecalis 105 58 (55) 105 67 (64)
Streptococcus agalactiae 59 31 (53) 66 39 (59)
Enterococcus species 26 16 (62) 12 7 (58)
Staphylococcus epidermidis 24 15 (63) 23 16 (70)
Pseudomonas aeruginosa 22 11 (50) 36 21 (58)
Proteus mirabilis 20 12 (60) 21 15 (71)
Escherichia coli 19 15 (79) 16 12 (75)
Streptococcus species 14 11 (79) 12 7 (58)
Xanthomonas maltophilia 14 10 (71) 5 4 (80)
Streptococcus canis 13 6 (46) 17 10 (59)
Enterobacter cloacae 12 9 (75) 15 13 (87)
Enterobacter species 12 10 (83) 5 3 (60)
Serratia marcescens 12 8 (67) 5 4 (80)
Bacteroides fragilis 8 7 (88) 7 5 (71)

Table 4. Baseline wound assessment values and the change from baseline to end of treatment (EOT) and to follow-up
for wound assessment variables in the intention-to-treat population.

Study(s) and variable

Pexiganan treatment group Ofloxacin treatment group

Baseline
value

Change from
baseline

Baseline
value

Change from
baseline P

EOT Follow-up EOT Follow-up EOT Follow-up

303
Total wound score, mean value 25.5 �7.6 �8.5 24.2 �8.0 �8.7 .61 .78
Wound infection score, mean value 7.1 �4.5 �5.1 6.9 �5.0 �5.3 .13 .55
Wound area, median mm2 131.5 �61.9 67.8 117.3 �58.3 �64.4 .53 .57
Wound depth, median mm 3 �1.0 �1.5 3.0 �1.0 �1.5 .30 .48

304
Total wound score, mean value 26.2 �8.6 �9.0 25.7 �8.5 �8.9 .92 .87
Wound infection score, mean value 6.9 �4.5 �4.7 7.5 �5.1 �5.2 .11 .24
Wound area, median mm2 146.9 �63.0 �64.7 160.8 �70.2 �86.4 .17 .03
Wound depth, median mm 3 �1.0 �1.5 3.0 �1.0 �2.0 .42 .58

303 and 304
Total wound score, mean value 25.8 �8.0 �8.7 24.8 �8.2 �8.7 .75 .91
Wound infection score, mean value 7 �4.5 �5.0 7.2 �5.1 �5.3 .03 .22
Wound area, median mm2 138 �62.6 67.1 138.7 �65.8 �72.1 .17 .07
Wound depth, median mm 3 �1.0 �1.0 3.0 �1.0 �2.0 .20 .36

infection were present. They obtained specimens using tissue

curettage with a sterile scalpel, placed them into transport me-

dia, and shipped them to a central laboratory (Corning SciCor)

for species identification and antibiotic susceptibility testing.

Microbiological responses, comparing results of the initial

wound culture with those obtained during post-baseline visits,

were scored as “resolved” if all initial pathogens were eradicated

or “improving” if at least 1, but not all, of the initial pathogens

were eradicated and no additional organisms were isolated.

Patients who achieved these 2 responses and who were clinically

improved were “microbiological responders.” Microbiological

nonresponders were considered to have experienced “treatment



Pexiganan for Diabetic Foot Infections • CID 2008:47 (15 December) • 000

Figure 2. Changes in MIC for pexiganan or ofloxacin for pairs of Staph-
ylococcus aureus isolates recovered from subjects before (at baseline
visit) and after (at follow-up visit) treatment with pexiganan (24 isolate-
pairs) (top) or ofloxacin (26 isolate-pairs) (bottom). The change in the MIC
of the isolates is presented as number of 2-fold dilutions by which MIC
differed between values measured for baseline isolates and for isolates
recovered at follow-up, tested with pexiganan (white bars) and ofloxacin
(black bars). Statistical significance of the differences in MIC noted for
pexiganan, compared with ofloxacin, for isolates recovered from each
treatment group were determined using the x2 test. , for isolatesP 1 .05
recovered from patients treated with pexiganan (top). , for isolatesP ! .001
recovered from patients treated with ofloxacin (bottom).

failure” if all original pathogens persisted, to have “coloniza-

tion” if organisms other than the original pathogens appeared

in a setting of clinical resolution, or to have “superinfection”

if they experienced clinical failure. Pathogens were any bacteria

other than Corynebacterium, Propionibacterium, or Bacillus spe-

cies, unless one of these 3 species were isolated in pure culture.

Changes in study drug susceptibility. To determine

whether the study treatment altered susceptibility of isolated

pathogens to either agent, we compared the MIC (by broth

dilution) of both study drugs for all bacterial isolates cultured

from a wound at baseline that were also recovered at follow-

up.

Safety parameters. We actively monitored patients for ad-

verse clinical events at each postbaseline visit. This included

questioning patients, examining them for abnormal physical

findings, testing for clinical laboratory abnormalities, and

(when indicated) repeating radiographic studies.

Statistical Analyses

The trials were designed to be equivalence studies and used US

Food and Drug Administration guidelines that have been op-

erative since 1992. To achieve an efficacy of �90% for the better

of 2 agents, the 95% CI must cross zero and remain within a

lower bound delta of 0.10; for an efficacy of 80%–90%, the

lower bound delta must be within 0.15. For adequate statistical

power, each study required �142 evaluable patients in each

treatment arm, assuming a 90% response rate in �1 group

[26–28].

We statistically analyzed the “intention to treat” population,

which included all enrolled patients. Patients who experienced

treatment failure within 10 days after enrollment were scored

as having “treatment failure.” Patients who withdrew from the

study early were scored as either a “responder” (cured or im-

proved) or a “nonresponder” (treatment failure) on the basis

of the last recorded clinical evaluation. For microbiological out-

comes, we used the “intention to treat microbiological” pop-

ulation, which was the subset of the intention to treat popu-

lation who had �1 pathogen isolated in culture of wound

samples. Microbiological response was considered “resolved” if

initially isolated pathogens were proven (by culture) or pre-

sumed (by lack of culturable material) to be eradicated on

follow-up.

We compared baseline characteristics between the 2 groups

with use of 2 sample t tests for continuous data and either

exact probabilities or x2 test for discrete data. We analyzed the

clinical response of infection to treatment at EOT and follow-

up by calculating the 2-tailed 95% CIs between the 2 treatment

groups for the difference in the proportion of patients with

either resolved or improving infection versus those who ex-

perienced treatment failure, were not evaluable, or had an in-

fection recurrence. We analyzed the microbiological response

similarly.

RESULTS

From August 1994 through July 1996, study 303 was conducted

at 42 centers and involved 493 randomized patients, and study

304 was conducted at 39 centers and involved 342 randomized

patients (figure 1). Baseline characteristics of patients random-

ized to the 2 treatment groups in each of the 2 studies were

not statistically different. The median age of enrolled patients

was ∼60 years; 68% were men, 82% were white (13% were

black and 5% were Hispanic), 66% were receiving insulin treat-

ment, 65% had experienced a foot ulcer previously, 22% had

a history of foot osteomyelitis, and 42% had undergone foot

surgery. The mean duration of antibiotic therapy (with either

pexiganan or ofloxacin) was similar for the 2 treatment groups

and was ∼23 days (median duration, 27 days) in study 303 and

25 days (median duration, 22 days) in study 304.
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Table 5. Ulcer-related adverse events that led to patient withdrawal from
the study and lower extremity amputations, by treatment group.

Event

No. of patients who experienced adverse event

Pexiganan
treatment group

(n p 418)

Ofloxacin
treatment group

(n p 417)
Total

(n p 835)

Cellulitis 15 7 22
Worsening infection 4 4 8
Osteomyelitis 4 3 7
Lower extremity amputation 11 9 20

NOTE. , by paired t test for difference in frequency of combined adverse eventsP p .36
for each group.

Clinical Outcome

Table 2 shows the percentage of individuals who demonstrated

a clinical cure or improvement (responders) for the intention

to treat populations in studies 303 and 304 (separately and

combined) at both EOT and follow-up. The difference in the

rates of clinical cure or improvement in study 304 were within

the 95% CIs for equivalence at both EOT (89% for both the

ofloxacin group and the pexiganan group) and follow-up (84%

for the ofloxacin group and 82% for the pexiganan group). In

study 303, however, pexiganan did not demonstrate equivalence

to ofloxacin either at EOT (rates of clinical cure or improve-

ment were 85% and 91%, respectively) or follow-up (77% and

84%, respectively). For the 2 studies combined, the difference

in the rates of clinical cure or improvement for the 2 treatment

arms were within the 95% CI for equivalence at EOT (87% for

the pexiganan group and 90% for the ofloxacin group) and at

follow-up (79% for the pexiganan group and 84% for the of-

loxacin group).

Microbiological Outcome

Overall. In the intention to treat population, 80% of patients

had at least 1 pathogen isolated from a wound culture. Table

2 shows the overall percentage of patients who had a micro-

biological response for studies 303 and 304, both separately and

combined. The percentages of patients who were microbiolog-

ical responders in both trials were not significantly different

between the ofloxacin and pexiganan arms at both the EOT

(∼47% for each) and follow-up (46% and 42%, respectively)

time points. Rates of microbiological failure at follow-up were

low, and similar rates were noted for the pexiganan and of-

loxacin groups in studies 303 (8% and 6%, respectively) and

304 (10% and 8%, respectively). The prevalence of colonization

and superinfection (the main reasons patients were categorized

as microbiological nonresponders) did not differ significantly

between treatment groups (19%–24% and 4%–8%, respectively,

in studies 303 and 304 for both treatment arms).

Baseline pathogen eradication. Table 3 shows the patho-

gens that were isolated most frequently from wound samples

in the intention to treat microbiological populations of studies

303 and 304 combined and the percentage of patients in whom

the isolated pathogens at baseline were eradicated at follow-up.

Although eradication rates were somewhat greater for 10 or-

ganisms in the ofloxacin-treated population and for 5 organ-

isms in pexiganan-treated populations, none of these differ-

ences were statistically significant (2-tailed Fisher’s exact test).

Wound Assessments

As table 4 shows, there were no statistically significant differ-

ences between the ofloxacin- and pexiganan-treated patients at

baseline in the mean total wound score or wound infection

score or in median wound area or depth. The wound assess-

ment scores decreased at the EOT visit for all measurements

in both studies for both treatment arms, and they decreased

further for each measurement at the follow-up visit. The mag-

nitude of the decrease in score was similar for the 2 treatment

groups; none of the differences were statistically significant,

except for the greater decrease in wound area score at follow-

up for patients in study 304 who were receiving ofloxacin,

compared with that for patients who were receiving pexiganan.

Changes in Study Drug Susceptibility

Pathogens isolated at baseline were also recovered from the

wound at follow-up for 155 patients, including 87 pexiganan-

treated patients and 68 ofloxacin-treated patients. We deter-

mined whether resistance developed during the course of ex-

posure to each study drug. Figure 2 shows the changes in MICs

for pairs of isolates of Staphylococcus aureus recovered from

patients both before and after treatment with either pexiganan

(24 patients) or ofloxacin (26 patients). For isolates from pex-

iganan-treated patients, there was no significant change in MIC

values for pexiganan or ofloxacin ( ) (figure 2, top), butP 1 .05

there was a significant increase in MICs for ofloxacin but not

for pexiganan among isolates from ofloxacin-treated patients

( ) (figure 2, bottom). Similarly, MICs for ofloxacin butP ! .001
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not for pexiganan increased in some persisting isolates of Strep-

tococcus and Enterococcus species and several gram-negative aer-

obic species (data not shown) [19].

Safety

The overall incidence and types of systemic and cutaneous

adverse events were comparable in the 2 treatment arms of

both studies. In study 303, adverse events were experienced by

98 (39.8%) of the pexiganan-treated patients and by 109

(44.3%) of the ofloxacin-treated patients; in study 304, they

occurred in 76 (44.4%) of the pexiganan-treated patients and

84 (49.1%) of the ofloxacin-treated patients. Patients who re-

ceived pexiganan experienced insomnia statistically significantly

more frequently than did patients who received pexiganan (25

vs. 3 patients). A total of 37 patients (4.4%) were withdrawn

from the studies because of progression of the infected ulcer

(i.e., the development of cellulitis, worsening infection, or os-

teomyelitis), and 20 (2.4%) required some type of lower-ex-

tremity amputation. The overall incidence of these adverse out-

comes was not statistically significantly different between the

2 treatment arms (table 5).

DISCUSSION

These 2 prospective, randomized studies, with 835 enrolled

patients, are, to our knowledge, the largest that have been con-

ducted on the treatment of DFIs. The results support the po-

tential of topical pexiganan as a therapeutic alternative to an

orally-administered antibiotic for treating mildly infected di-

abetic foot ulcers. The primary end point of the studies was

clinical resolution (cure or improvement) of wound infection.

In study 303, topical pexiganan failed to demonstrate statistical

equivalence to oral ofloxacin, but there were no statistically

significant differences between the treatments in study 304. We

found no differences in population demographic characteris-

tics, study execution, or pexiganan preparations that might

explain the outcome disparity between the 2 trials.

Among the secondary end points, wound healing, infection

progression, and the number of amputations required were all

statistically comparable for the 2 therapies. Overall microbio-

logical response was also statistically equivalent for the 2 treat-

ments, although eradication rates for more pathogens were

greater (although not statistically significantly) for ofloxacin-

treated patients. Because ofloxacin was administered systemi-

cally, it could have more effectively reduced the numbers of

susceptible microbes from body surfaces, compared with topical

pexiganan applied solely to the wound. Thus, microorganisms

from surrounding skin or mucosa could potentially have col-

onized healing wounds in pexiganan-treated patients. We used

a stricter definition of microbiological response than most sim-

ilar studies; the pathogen eradication rate was similar to those

previously reported [4–8]. Our results confirmed results from

in vitro studies that demonstrated a low probability of selection

of resistance for pexiganan, even after repeated exposure to

concentrations below the MIC [15, 18, 19]. Surprisingly, we

detected increasing MICs to ofloxacin for several species of

organisms after the relatively brief treatment period used in

these trials.

Several antimicrobial peptides or analogs are under devel-

opment, especially for use in treating localized infections, and

will probably be important for future anti-infective therapy

[29]. Some remaining obstacles for treatment of skin infections

(e.g., low tissue penetrability, high production costs, and un-

certain cytotoxicity) are addressed by topical administration

[17]. Pexiganan is not absorbed intact from open wounds,

which makes it most suitable for the treatment of mild, rela-

tively superficially infected ulcers. Unlike many topical anti-

microbials [12], pexiganan has not provoked allergic sensiti-

zation on the basis of data from ∼1300 exposed subjects (M.Z.,

unpublished data). It has a broad spectrum of activity against

the aerobic gram-positive bacteria (including methicillin-resis-

tant S. aureus), aerobic gram-negative bacteria, and obligate

anaerobes [18, 19, 21, 22] that typically cause DFIs. Topical

antimicrobial therapy allows treatment with new antimicrobial

agents, avoids potential systemic adverse effects, does not drive

resistance to systemic antibiotic agents, and encourages patients

to examine the site daily (when applying the treatment). A

recent systematic review found only 4 previous studies of topical

DFI treatments, 2 of which were available only in conference

proceedings [13]. All of these studies used antiseptics, rather

than antibiotics, and selected ulcer healing, rather than cure of

infection, as the primary end point.

The comparator in these studies was ofloxacin, a relatively

broad-spectrum oral agent shown to be effective for treating

DFIs [8]. It has largely been replaced by levofloxacin, its L-

isomer, which was not available at the time of our study. Flu-

oroquinolones are among the anti-infective agents currently

recommended in authoritative DFI guidelines [2, 9]. Conceiv-

ably, for mildly infected foot wounds, adequate wound care

alone may be sufficient, but in diabetic patients, many of whom

have vascular insufficiency and immunological deficiencies,

current guidelines recommend antimicrobial therapy [3, 10].

Our results demonstrate that, for mildly infected diabetic

foot ulcers, topical pexiganan was clinically comparable to an

oral antibiotic. We believe these data are the first comparing a

topical antimicrobial compound with a systemic antibiotic for

treating DFIs. These data suggest that, for mildly infected ulcers,

topical pexiganan, when accompanied by appropriate wound

care, can provide a therapeutic alternative to a broad-spectrum

oral antibiotic agent. In addition, topical pexiganan appears to
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be safe and may avoid the selection of resistant bacteria that

can develop after oral systemic antibiotic therapy.
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