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ABSTRACT

Objective. The authors study the use of a biofilm-disrupting wound gel designed for wound management to determine if disrupting
chronic wound biofilm would be therapeutically efficacious. Materials and Methods. This prospective, randomized, open-label clinical trial
was performed from September 2014 through March 2016. Forty-three patients (22 experimental, 21 control) with chronic, recalcitrant
wounds were randomized to a 12-week treatment with a biofilm-disrupting wound gel (experimental) or a broad-spectrum antimicrobial
ointment (control). The wound healing rate was assessed by measuring wound size reduction and wound closure rates. Results. Wound
size in the experimental group decreased significantly with a 71% reduction in wound area compared with 24% for the control (P < .001).
Wound closure was attained in more than half of the patients (14) treated with the experimental product. Fifty-two percent of these
patients achieved closure by 12 weeks as opposed to 17% for the control (P < .01). No adverse events related to the experimental product
were recorded, but 2 adverse reactions occurred with the control. Conclusions. The combination of the experimental product and wound
debridement significantly improved wound healing rates by disrupting the biofilm, which protects multispecies bacteria within a chronic
wound. Given the significant wound size reduction and closure rates observed in these long-term, nonhealing wounds, as well as the lack
of related serious adverse events, the investigators believe the biofilm-disrupting wound gel to be a safe and effective treatment for

recalcitrant chronic wounds.
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Although the definition of a chronic
wound varies, authors consider a wound
chronic when it fails to proceed through
an orderly reparative healing process that
produces an anatomic and functional
result within 1 to 3 months (as defined
in surgical textbooks).! All wounds have
the potential to become chronic, with the
most common etiologies being venous
insufficiency, arterial perfusion, diabetes,
or unrelieved pressure.>

As health care costs continue to
increase and conditions causing chronic
wounds become more prevalent, it
is necessary to find an efficacious yet

cost-effective treatment for these non-
healing wounds.? Chronic wound care
has been estimated to cost in excess of
$25 billion per year, with a median cost
of $3927 per wound.*s Traditionally, a
multidisciplinary treatment strategy is
employed with the aim of correcting the
underlying cause of the chronic wound;
physical debridement, topical therapies,
and dressings are in the armamentarium
of chronic wound treatment.®*°

The presence of biofilms in chronic
wounds presents significant obstacles
to treatment, and it is estimated that
biofilms are involved in more than 60%

of patients with chronic wound infec-
tions.”*> Biofilms form when bacteria
attach to a surface and aggregate to cre-
ate a structure of extracellular polymeric
substances (EPS) that protects bacteria
and allows growth in a sheltered environ-
ment.* Biofilms can grow on a variety of
surfaces, from medical devices to living
tissue, and they are inherently resistant
to antimicrobial agents.* The biofilm’s
resistance to antimicrobial agents occurs
through multiple mechanisms, including
physical protection from agents entering
the biofilm, reaction of the agents with
the EPS matrix (which may prevent deep
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Figure 1. Consolidated Standards of Reporting Trials flow diagram.

KEYPOINTS

e The authors study the use of a biofilm-disrupting wound gel designed for
wound management to determine if disrupting chronic wound biofilm would

be therapeutically efficacious.

e This was a 12-week to 16-week, 2-site, prospective, randomized, open-label
study of 43 patients diagnosed with a recalcitrant chronic wound.

e The treatment outcomes of standard debridement with topical application
of a biofilm-disrupting wound gel were compared against a triple-antibiotic,

maximum-strength ointment.

penetration), or low metabolic activity of
cells within the biofilm.*s This resistance
persists even with biofilm bacterial cells
located at the surface of the biofilm,
which would be expected to behave more
like single-celled planktonic bacterial
cells.* Ammons et al'® investigated bio-
films in chronic versus acute wounds and

suggested that disruption of the biofilm
aids in healing of chronic wounds.
Debridement is a mainstay of treat-
ment for wound care. Sharp debride-
ment removes nonviable tissue along
with the bacterial biofilm, making the
underlying bacterial load more suscep-
tible to targeted therapy.>” Wolcott and

Rhoads" assessed biofilm-based treat-
ment strategies, such as application of
lactoferrin and xylitol with selective
biocides, in combination with standard
of care treatment. They showed a 75%
healing frequency of chronic wounds in
patients with diabetes and critical limb
ischemia.” Wolcott® further showed that
biofilm-based strategies, biofilm-disrupt-
ing agents, and application of antibiotic
topical gels customized to each bacterial
biofilm community in a specific wound
resulted in over 40% chronic wound
volume reduction over 4 weeks.

Surfactants are of interest in regard to
autolytic debridement of chronic wounds.
Miller et al” found that surfactants emul-
sified the biofilm matrix of Pseudomonas
aeruginosa, and they also showed an
elimination of biofilm bacteria 1 day after
physical wiping and application of the
surfactant gel to an ex vivo model.

In this study, the biofilm-disrupting
wound gel is a polyethylene glycol-based
hydrogel with a pH buffer system and
benzalkonium chloride surfactant, which
destabilizes the biofilm matrix through
the chelation of calcium and removes
proteins from bacterial membranes,
causing cell lysis.” It is a white, virtually
odorless gel that helps maintain a moist
wound environment conducive to heal-
ing while eradicating biofilm from the
surface of the wound. This biofilm-dis-
rupting wound gel has been approved by
the US Food and Drug Administration
as a medical device; with full ISO 10993
safety testing, it was proven safe in a
full-thickness porcine wound, whereby it
had no negative effects on healing. The
efficacy of this product has been demon-
strated in in vivo* and in vitro models
(data on file). In vitro biofilm testing
was performed at the Montana State
University Center for Biofilm Engineer-
ing (Bozeman, MT) in a mixed-species
biofilm model, whereby the gel achieved
more than a 3-log reduction in P aerugi-
nosa and a 5-log reduction in Staphylo-
coccus aureus in 24 hours (data on file).
Miller et al” reported the efficacy of this
product in clearing biofilms from murine
models with chronic infections, which
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demonstrated the efficacy of this product
in vivo.

Wolcott® conducted the first clinical
study using this biofilm-disrupting gel
and showed a 62% chronic wound volume
reduction in 4 weeks (when applied 3%/
week), while a combined application of
both customized topical antibiotics and
the wound gel resulted in a 72% wound
volume reduction. In his 45-patient study,
80% of patients achieved at least 50%
wound volume healing success within 1
month with the biofilm-disrupting wound
gel alone.®

The present longer term clinical
study is the second investigation of the
efficacy of the biofilm-disrupting wound
gel in the treatment of nonhealing,
full-thickness chronic wounds to confirm
the potential therapeutic effectiveness
of this approach; this is achieved by
measuring changes in the healing rate
and wound closure when compared with
a broad-spectrum, maximum-strength,
triple antibiotic ointment over a 3-month
time period.

MATERIALS AND METHODS

Study design

Study protocol was approved by both

the Mayo Clinic Institutional Review
Board (Rochester, MN) and The Schul-
man Institutional Review Board (Cin-
cinnati, OH). This was a 12-week to
16-week, 2-site, prospective, randomized,
open-label study of patients diagnosed
with a recalcitrant chronic wound. This
study compared the treatment outcomes
of standard debridement with topical
application of a biofilm-disrupting wound
gel (experimental; BlastX; Next Science,
Jacksonville, FL) versus a triple-antibiot-
ic, maximum-strength ointment (con-
trol; Neosporin + Pain Relief; Johnson &
Johnson, New Brunswick, NJ).

Patients who presented with a chronic
wound had a medical evaluation prior to
being screened against the protocol’s in-
clusion/exclusion criteria. If criteria were
met, patients were presented with the
option to participate in the study and in-
formed consent procedures were carried
out in compliance with currently applica-
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Table 1. Inclusion and exclusion criteria

o Aged <18 years

¢ o Presence of a full-thickness wound <1
i month’s duration

i @ Wound <1cm? in area

e Not a candidate for vascular reconstruc-
tive surgery to restore blood flow to the
wound area

i wound area

© o Candidate for vascular reconstructive
: surgery to restore blood flow to the

e Willing to comply with study procedures
and be available for the duration of the

: complication likely

e Presence of bleeding dyscrasia or with
¢ conditions that would make a bleeding

e Provide signed and dated informed
consent

- e Known allergic reaction to the study
: products

© e Unable to provide signed and dated
- informed consent

Table 2. Demographics and characterization of study groups

No. of Patients

Male (%)

Female (%)

Age (y + SD)

Wound age (mos * SD)

Wound size (cm® £ SD)

SD: standard deviation

ble patients’ rights and safety regulations.

The sample size was calculated to be 15
patients per group by power analysis
(95% power at P = .05 comparing experi-
mental group to control, assuming a 23%
standard deviation and 32% difference),
referencing the results by Wolcott.?

The 2 study sites were the Mayo Clinic
in Jacksonville, Florida, and River City

Clinical Research in Jacksonville, Florida.

The study coordinators at each site
enrolled and assigned participants into
their respective groups in the order of
enrollment per the randomization table
provided by the experimental product

manufacturer. Patients were randomized
1:1 to apply either the experimental or
control once daily with the prescribed
daily wound dressing change.

Patients randomized to the control
group were required to complete 1 month
of treatment comprising a screening/
baseline, 2-week, and 1-month visits. Af-
ter 1 month, the following occurred based
on wound progression and/or the prin-
cipal investigator’s (PI) clinical judgment:

1. Patient continued daily control

application (8-week and 12-week
visits).

2. Patient crossed over to the exper-
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Table 3. Patient comorbidities

CONDITION

Diabetes mellitus
Peripheral arterial

0%
disease o

Hypertension

Obesity 26%

. PREVALENCE
60%

35%

imental group with daily product
application (4-week, 8-week, and
12-week visits).

Patients randomized to the experimen-
tal group were evaluated for 3 months,
which comprised 5 visits: screening/base-
line, 2-week, 4-week, 8-week, and 12-week
(Figure 1). After the last research study
visit (12-week or 16-week visits), patients
could continue treatment as long as
beneficial per PI judgment; no limit was
set on the duration of extension. During
the extension, visits were scheduled and
carried out per standard clinical care.
During the exit visit of the study (at the
end of the treatment extension period),
the wound measures were retrospectively
obtained from the patients’ charts.

Wound area measurements were
assessed at weeks 0, 2, 4, 8, 12, and 16
using the Silhouette Star camera (ARANZ
Medical, Christchurch, New Zealand).
The primary endpoint was defined as
a percentage reduction in wound area
after 12 weeks of experimental treatment
compared with the control.

There were 2 defined secondary end-
points for this study. The first secondary
endpoint was defined as an improvement
in the percentage of patients with closed
wounds after 12 weeks of treatment
compared with the control. The other
secondary endpoint was to determine
if there was a difference in the bacterial
load and/or biodiversity in the wound
when comparing treatments and treat-
ment time.

Inclusion and treatment
Patients participated in the study if they

r r 1
100
1
| —
80
g
3
£ 60
©
c
>
2
40
20
0 T T T T T
0 2 4 8 0 2 4 8 12
Control Experimental
Time (wk)

Figure 2. Comparison of normalized wound area reduction over time. After 12 weeks of treatment
with the experimental product, the average wound area reduction was 72% versus 15% in the control
group (P < .o1). P value for treatment time was <.01. Histogram shows that wound areas were continu-
ing to decrease at 12 weeks compared with the plateau in the control group. Bars depict one-standard
error from the mean; grouping bars depict groups that are equivalent. Treatment bars that do not fall
under the same grouping bar are statistically distinct (P < .05).

met all of the inclusion criteria and none
of the exclusion criteria listed in Table 1.

At the first visit, the screening/eligibil-
ity form and enrollment checklist were
completed, identification numbers were
assigned, and patients were randomized
into either the experimental or control
group. Demographics were obtained
along with wound-related history and
concomitant medications.

At each visit, the patients’ wounds
were debrided with sharp instruments,
and wound measurements and images
were obtained. Measurements included
wound area, volume, and depth.

Biofilm samples were obtained at
baseline and after 1 month of treatment.
Samples were analyzed in 2 ways: (1) by
quantitative real-time polymerase-chain
reaction (PCR) test for bacteria and
fungi (which also included a qualitative
real-time PCR test for resistance factors
to vancomycin and methicillin); and (2)
by DecodEX Microbial Genetic Identifica-
tion Sequencing (MicroGen DX, Lubbock,
TX) to detect bacterial organisms and
fungal pathogens that may be present in
patient specimens.

Statistics

Statistical analyses were performed
using Minitab (Version 17.3.1; Minitab,
Inc, State College, PA) on the intent-
to-treat population. All patients who
were enrolled and randomly allocated to
treatment were included in the analy-

sis and were analyzed in the groups to
which they were randomized as well as

in the crossover group where indicated.
Statistical significance to the control was
determined by analysis of variance (ANO-
VA) using a general linear model with
factors as the treatment (experimental;
control), time (0, 2, 4, 8, and 12 weeks),
clinical research site (Mayo Clinic; River
City Clinical Research), comorbidities,
and patient. Tukey’s pairwise compari-
sons were performed for grouping (P <
.05). In the Figures, interval bars in the
results section depict one-standard error
and the grouping bars depict groups that
are equivalent (for the healed wounds
and percent of wound closure). Treat-
ment bars that do not fall under the same
grouping bar are statistically distinct (P <
.05; for the healed wounds and percent of
wound closure).
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Table 4. Wound size measurements

| TIME (wk) . MEAN (cm?) MEDIAN (cm?)
276.0 : 833
§7o.1 87.8
COI‘ItI’Ol . T SO P
:68.4 90.2
1708 951
262.1 63.5
. 554 579
Experimental % T
A4 : 385
280 194
Table 5. \Wound size measurements
(control excluding crossover patients)
TREATMENT TIME (wk) N . MEDIAN (cm?)
: 19 83
19 878
Control B
‘9 458
9 50.0
34 635
. 34 £ 57.9
Experimental ; e
28 365
27 94
RESULTS a control group of 21 patients (Table
Demographics 2). Patients ranged in age from 32 to 91

Forty-three patients were enrolled in

the study with 32 completing all study
visits. The study visits ended after each
patient finished 12 weeks of treatment or
the patient’s wound was healed. The first
patient visit occurred in September 2014
and the last patient study visit was in
March 2016.

At the end of the enrollment period,
22 patients were randomized to the
experimental group and 21 were ran-
domized to the control group; however,
12 of the control patients crossed-over
to the experimental group due to the
wound worsening or failure to heal/lack
of improvement, resulting in an experi-
mental product group of 34 patients and

woundsresearch.com

years (average, 62 years). The age range
of the wounds in the study ranged from 1
month to 20 years (average, 21.2 months).
Wound size ranged from 1 cm? to 114 cm?
(average wound area, 10 cm?).

The patient population had a high
number of comorbidities (Table 3), with
all patients except 1 presenting with 1
or more. These comorbidities were not
statistically significant factors affecting
wound closure or healing rates when
analyzed by ANOVA.

Wound size reduction

The primary endpoint was the decrease in
wound area at 12 weeks (Figure 2). The
statistical power of the wound closure

Kim et al

percentage was greater than 99% (type

I error of 0.05 comparing experimental
to control), indicating that sufficient
patients were evaluated to yield meaning-
ful results.

The mean and median values for the
percent wound area at each time point,
with all patients included in the control
group, is demonstrated in Table 4. The
average wound area reduction in the
experimental group was 72% + 8% at 12
weeks; this was statistically significant in
comparison with the control (P < .o1) and
for treatment time (P < .o1). The wound
healing reduction of the experimental
group was 2.44 times greater than the
control. In the case of median wounds,
which removes the bias from the outli-
ers, the difference is even greater, with
median wound size for the experimental
group being 90% compared with 5% for
the control. The wound reduction rate in-
creased as the treatment time progressed,
indicating that those wounds that were
not yet closed were progressing towards
closure.

The number of patients at each time
point as well as the mean and median
values for the percent wound area at each
time point, with the crossover patients
removed from the control group, is
shown in Table 5.

The average wound area reduction
of the experimental product was 72% +
8% at 12 weeks; this was statistically sig-
nificant versus control (P < .o1) and for
treatment time (P < .o1). Even including
only those patients that were showing
improvement with the control (and not
including those that failed treatment with
the control [ie, crossed over]), the wound
healing reduction was 36% greater than
the control product. In the case of medi-
an wound size reduction, which removes
the bias from the outliers, the difference
is even greater, with the median wound
size reduction for the experimental group
being 90% compared with 50% for the
control. As such, median improvement
with the experimental product is 1.8
times greater than the control. Moreover,
the wound reduction rate in the experi-
mental group increased as the treatment



Assessment of Biofilm-disrupting Agent

[— [ —
n=19 n=34
100 I \
n=19 —
80 n=19
g n=34 —
§ n=9 n=9 n=34
< 60
T n=28
3
=
40 n=27
20
0
0 2 4 8 0 2 4 8 12
Control Experimental

Time (wk)

Figure 3. Comparison of normalized wound area reduction over time, including only those control
patients who were not crossed over. After 12 weeks of treatment with the experimental product, the
average wound area reduction was 72% versus 53% in the control group (P < .02). P value for treatment
time was < .01. Histogram shows that wound areas were continuing to decrease at 12 weeks compared
with the plateau in the control group. Bars depict one-standard error from the mean; grouping bars
depict groups that are equivalent. Treatment bars that do not fall under the same grouping bar are

statistically distinct (P <.05).

KEYPOINTS

e The average wound area reduction of the experimental product was 72% +

8% at 12 weeks, which was statistically significant versus control (P <.o1) and

for treatment time (P < .01).

e The mean number of bacteria present in the wound was 2.9 species per

wound (range, 0-13 bacteria); there was no statistically significant relationship

between the bacteria present in the wound or number of bacterial species

present and wound healing or healing rates.

time progressed, indicating that those
wounds that were not yet closed were
still progressing towards closure.

Wound closure

The secondary endpoint was the increase
in the percentage of wounds that were
closed after 12 weeks of treatment (Fig-
ures 4, 5). The use of the experimental
agent improved the success rate for
chronic wound healing. The statistical
power of the wound closure percentage
was 90% (type I error of 0.05 comparing
experimental product to vehicle), indicat-

ing that sufficient patients were evaluated
to yield meaningful results.

After 12 weeks of treatment with
the experimental product, 52% of
patients achieved wound closure. This
was statistically significant versus the
control (P <.o1) and for treatment time
(P < .oo1). The percentage of patients
with healed wounds was 3.12 times great-
er in the experimental group than the
control (17% closure). Also, it is inter-
esting to note that 40% of the wounds
treated with the experimental agent were
closed within 8 weeks of once per every

other day application; in fact, wound clo-
sure started to occur as soon as 2 weeks
in the case of a wound that had failed to
heal with the use of numerous treatments
for more than 20 years. The wound size
range for the group with healed wounds
was 0.7 cm* to 7.3 cm?® (average, 2.3 cm?),
and the age range of the wounds was 1.5
to 240 months (average, 29 months).

Biofilm analysis

There were 9o bacterial and 4 fungal
species found in the wounds. Only 5% of
patients had fungi in their wounds. Of the
90 bacteria, only 17 were found in at least
10% of patients. Figure 6 shows a histo-
gram of these bacteria. The mean number
of bacteria present in the wound was 2.9
species per wound (range, 0-13 bacteria).
There was no statistically significant rela-
tionship between the bacteria present in
the wound or number of bacterial species
present and wound healing or healing
rates. An ANOVA of the bacterial load
also was not statistically significant for
wound closure or wound healing.

A PCR analysis for vancomycin-
resistant and methicillin-resistant genes
resulted in an incidence rate too low
to provide enough power for statistical
evaluation.

Complications

All patients enrolled in this study
presented with 1 or more comorbidities
and 60% had diabetes (N = 26). There
were no unanticipated problems.

The root cause of all adverse events
was evaluated (Table 6). There were 2
adverse events that were directly related
to product application in the control
group; one was an allergic reaction to the
control product with skin desquamation,
and the other was burning sensations.

In both cases, the control antibiotic
ointment was discontinued, and then the
issues resolved and did not reoccur with
the experimental product. There were no
adverse events that were attributed to the
experimental product, although 1 patient
was discontinued in the group due to
wound site pain, which was present prior
to the study treatment application and
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persisted with the new treatment of
PolyMem (Ferris Mfg. Corp, Fort Worth,
TX) dressings.

There were 11 study discontinuations: 4
patients in the experimental group and 7
in the control (Table 6).

DISCUSSION
This study confirms that topical appli-
cations of a biofilm-disrupting wound
gel in conjunction with debridements
produce clinically significant wound size
reductions and wound closure versus
a broad-spectrum topical antibiotic
treatment control. In this study, medi-
an wound area reduction was 72% with
daily use of the experimental product for
12 weeks versus 24% with the control.
Chronic wound closure occurred in 52%
of patients with the use of the experimen-
tal product versus 17% closure with the
control.® These results reinforce those
obtained by Wolcott,® who observed a
wound volume reduction of 62% with
the biofilm-disrupting wound gel applied
3 times per week for 4 weeks. Notably,
Wolcott® achieved the 47% wound volume
reduction with standard of care treat-
ment versus 24% wound area reduction
seen with the control treatment in this
study.It is important to note that in that
clinical study, Wolcott’s standard of care
treatment was a proprietary topical anti-
biotic gel customized and compounded
based on each patient’s identified biofilm
bacterial community.®

The control treatment used in this
study was a maximum-strength, widely
available, triple-antibiotic ointment that
targets common bacteria found in chron-
ic wounds**; per 1 gram, the ointment
contains 500 units of bacitracin, 3.5 mg of
neomycin, 10 000 units of polymyxin B,
and 10 mg of pramoxine hydrochloride.
This product was chosen as the control
treatment because it is a comparable
antimicrobial agent with similar indica-
tion to the experimental wound gel with
the broadest spectrum of activity versus
bacitracin or other single-species-specific
antibiotic ointments. The triple-anti-
biotic components aim at medically
significant species implied in skin infec-
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Figure 4. Comparison of percentage of healed wounds over time. After 12 weeks of treatment with
the experimental product, 52% of patients achieved wound closure (P<.01) versus 16% in the control
group. P value for treatment time was <.o1. In the experimental group, 43% of the wounds were closed
at 8 weeks versus 17% in the control group. Bars depict one-standard error from the mean; grouping
bars depict groups that are equivalent. Treatment bars that do not fall under the same grouping bar
are statistically distinct (P < .05).
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Figure 5. Comparison of percentage of healed wounds over time (excluding control patients that were
not crossed over to experimental). After 12 weeks of treatment with the experimental product, 52% of
patients achieved wound closure versus 33% in the control group (not statistically significant). P value
for treatment time was < .01. In the experimental group, 43% of the wounds were closed at 8 weeks
versus 33% in control group. Bars depict one-standard error from the mean; grouping bars depict
groups that are equivalent. Treatment bars that do not fall under the same grouping bar are statistically
distinct (P < .05).

tions, such as S aureus, S epidermis, and
Streptococcus pyogenes. This also includes
polymyxin B specific to gram-negative

species such as P aeruginosa and neomy-
cin, which has a partial efficacy spectrum
on gram-positive bacteria, Enterobacter
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Figure 6. Histogram of the most frequently found bacteria in the study wounds. Bacterial species were

detected in at least 10% of the patients’ wounds.

Table 6. Study discontinuations

REASON FOR DISCONTINUATION

Gangrene/osteomyelitis requiring amputation

2 1 3
Withdrawn as per physician decision : 1 -
Patient withdrew consent 3 o 3
Lost to follow-up 1 o 1
Popliteal artery occlusion o 1 L
Pain o 1 .
Total 7 4 1

cloacae, E coli, and Proteus vulgaris in ad-
dition to gram-negative species activity.
Furthermore, broad-spectrum topical
antibiotics are used in chronic wounds to
provide a high concentration of medi-
cation directly to the wound site and to
avoid systemic disturbance of the normal
microbiota as well as systemic allergic
reactions.”® Prior to this study, patients
were treated with various therapies,
including oral and topical antibiotics, an-
timicrobial dressings, silver alginate, and
wound vacuum devices that had all failed
to resolve the chronicity of their wounds.
In this study, biofilm data analysis
showed that neither wound size reduc-
tion nor wound closure was significantly

affected by total bacterial load or number
of bacterial species. However, it has been
shown that the number of individual
bacteria is not considered a reliable pre-
dictor of wound healing, as numbers will
change based on virulence of the bacteria,
biofilm formation, and comorbidities.*
In addition, antagonistic and synergistic
interactions of bacterial species within
the biofilm can result in changes in its
makeup, which also was observed in this
study.* Further study into the change in
specific bacterial loads after application
of the experimental wound gel may be
helpful to better understand the wound
gel’s effects on the biofilm.

In the literature on chronic wound

management, there is a lack of prospec-
tive, randomized, controlled clinical
studies, which makes it challenging for
practitioners to compare the efficacy

of topical products currently available.
Also, articles seldom provide analysis of
clinically meaningful wound healing rates
and closure; in most cases, the percent
wound size reduction is provided as a
measure of efficacy, which alone is only

a partial indication of wound improve-
ment. This leaves a desire for clinically
meaningful wound healing, as the goal is
for wounds to heal and remain healed.
Further, biofilm-disputing technology

is new and most topical treatments are
antibiotic-based with narrow spectrum of
efficacy.

In addition, biofilm testing methods
with clinical relevance to practitioners
are lacking. To the best of the authors’
knowledge, there are 3 methods that
could be used for product efficacy com-
parison, but all 3 are time-consuming to
perform and reporting is too delayed for
them to be used in routine practice. Mon-
tana State University has developed an in
vitro biofilm model where mixed-species
colonies of P aeruginosa and S aureus are
grown in a chronic wound with exudate-like
environment.* This drip-flow biofilm
model can be used to test a product’s effi-
cacy against gram-positive and gram-neg-
ative bacteria, and it provides a measure-
ment of log reduction of both biofilm
species. The University of Florida (UF;
Gainesville, FL) also has developed a test
method that detects and quantifies sever-
al viable biofilm microorganisms through
a series of targeted specimen washes and
selection by differential growth media.>#*
This method could compare product
efficacy as it provides the type and the
amount of viable microorganisms present
in patient specimens.** The third meth-
od available is the molecular analysis
method described earlier in this clinical
study, which was developed by Wolcott.?

All 3 of the aforementioned methods
have limitations. For instance, the MSU
and the UF methods are limited in the
number of viable species of biofilm
microorganisms that can be analyzed,
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Table 7. Reported clinical study results

. WOUNDS

' MEAN USE

'SAMPLE | W/SIZE | : ' ADVERSE | STUDY
PRODUCT i SIZE { REDUCTION : ;DURAT'ON { REACTIONS : DESIGN
: i fo, : - (WK) : :
: (%) : : : :
A : : : : A Prospective,
Biofilm-disrupting agent® P . v
. 34 90 52 71 12 None randomized,
(this study)
i controlled
: : : : : Prospective,
Biofilm-disrupting agent®® 45 93 8o° 62 4 None randomized,
. controlled
: : : : : | Retrospective
Dressing with ionic silvere 112 65 13 NR 3.9 3 post market
¢ surveillance
: : : © Retrospective
Dressing with ionic silverc® 29 90 34 62 5.4 NR post market
i surveillance
Prospective,
: ; ; ; ; ; . randomized,
Cadexomer dressing with iodine? # : 153 NR NR 62 12 Pain; burning
controlled mul-
| ticenter
‘ ‘ ‘ ‘ ‘ BUMing: pain: © Prospective,
Cadexomer dressing with iodine?* : 75 NR NR NR 24 itchin & paim randomized,
§ & . controlled
Wound cleansing solution : : .
. . {59 iNR i 60 iNR P12 iNR ¢ Retrospective
_containing PHMB and betaine®®  :~ S T : : : : S
Wound cleansing solution and gel : : :
(10 70 iNR iNR iNR iNR i Case reports

NR: not reported; PHMB: polyhexanide

2 BlastX (Next Science LLC, Jacksonville, FL)

®50% reduction at 4 weeks

¢ Aquacel Ag Extra (ConvaTec, Deeside, Flintshire, UK)

41ODOSORB (Smith & Nephew, Hull, UK)

¢ Prontosan Wound Irrigation Solution (B. Braun Medical Inc, Bethlehem, PA)
fProntosan Wound Irrigation Solution and Gel (B. Braun)

and these are not available as large-scale is unlikely to originate from nonviable
clinical diagnostic tests. The molecular microorganisms. This molecular method
analysis is available as a clinical tool that has been shown to be clinically relevant
provides qualitative and quantitative in improving the diagnostic and treat-
results on innumerable bacterial and ment outcomes of patients with chronic
fungal species but does not differentiate wounds® as well as actionable diagnosis
live from dead or pathogenic from non- where conventional diagnostic work-up is
pathogenic microorganisms.* However, unrevealing.*

results from the molecular analysis are A comparison of the available antibio-
reliable, and high representation of 1 film wound products’ clinical data shows
or more species in a patient specimen that the experimental agent results in the

woundsresearch.com

highest percentages of healed wounds
and wound size reduction available to
date (Table 72%323%), Although this prod-
uct was evaluated under more stringent
randomized controlled study conditions
compared with the retrospective record
reviews of other similar products, the
average wound closure rates with the
experimental agent was greater than
AQUACEL Ag Extra (ConvaTec, Deeside,
Flintshire, UK). Compared to Pron-
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tosan Wound Irrigation Solution and

Gel (B. Braun Medical Inc, Bethlehem,
PA) products, treatment of chronic
wounds with the experimental agent in
this study resulted in substantially more
healed wounds and a higher percentage
of improved wounds (Table 7%283:3),
While iodine-based topical products have
been commercialized for more than 170
years,* efficacy data against biofilm is
based on limited clinical evidence.*%
When comparing the results of a pro-
spective, randomized controlled study by
Hansson® with the experimental product
in the present study at 12 weeks of treat-
ment, IODOSORB (Smith & Nephew,
Hull, UK) showed a 62% average wound
closure rate and the experimental agent
showed 71%.

Another important aspect for the
practitioner is the patient’s tolerance to
wound care treatment. The use of the
experimental agent did not result in any
product-related pain, redness, swelling,
burning/stinging, or other adverse
reactions in the 34 patients in this study.
This is in line with the observations of
the Wolcott clinical study® where 30
patients were treated with the same
biofilm-disrupting agent.

LIMITATIONS

The greatest challenges for patients
with chronic wounds involve getting the
patient to adhere to dressing changes
and weekly standard of care visits for
surgical wound debridements.*3 This
was also a study limitation as patient
wounds were clinically assessed at
weeks 0, 2, 4, 8, 12, and 16, and patient
compliance with the daily dressing and
proper daily application of the wound
gel was gauged by patient report alone.
However, results show the wound re-
duction rate increased as the treatment
time progressed, indicating that those
wounds that were not yet closed were
progressing towards closure despite the
visit interval and compliance limiting
factors. This may be explained by the
mechanism of action and properties of
the experimental product. Preclinical
testing has shown biofilm bacterial load

10

is reduced by 3.5 log to 8 log within

24 hours, and planktonic bacteria is
reduced by 4 log to 7 log in 60 minutes
in in vitro measurements; its residence
time in the wound is measured up to 2
days following application.®*

Another limitation was that the pa-
tient populations between the exper-
imental group and the control group
were not matched with regards to their
comorbidities. Statistically, the experi-
mental and control groups were equiv-
alent for the number of patients with
diabetes and hypertension. There were
statistically significantly higher percent-
ages of patients with peripheral arterial
disease and classified as overweight
in the experimental group than in the
control, indicating that the experimen-
tal product was presented with a more
challenging group to treat.

Confounding factors encountered
during this study included prescribed
wound treatments other than the
experimental or control agent, such as
becaplermin, skin grafts, and antibiotics,
which rendered data invalid after that
point. However, as the wound size de-
creases and they start to progress anew
through the healing stages, using skin
grafts and other debridement products is
part of the multiple approaches the prac-
titioner may use to further accelerate
wound closure. Although specific con-
comitant treatments were confounding
factors that would impair interpretation
of the data analysis, previous study re-
sults® have shown that combining antimi-
crobial and the experimental agents have
a synergistic effect on chronic wounds.

In the future, efficacy of the wound gel
in specific types of chronic wounds, such
as those caused by diabetes and venous
insufficiency, should be investigated. In
addition, further investigation of various
standard of care protocols versus the ex-
perimental product is warranted, as well
as those protocols in combination with
the biofilm-disrupting agent. Finally,
this experimental product’s role in the
prevention of chronic wounds should be
investigated and could be tested in post-
operative and burn treatment settings.

CONCLUSIONS

In summary, the results of this study
confirm that the use of a biofilm-
disrupting agent combined with
debridement is more effective than
the experimental antibiotic oint-
ment combined with debridement or
prior failed wound treatments. This
reinforces previous results® obtained
when combining this product with
other ointments and debridement

or with debridement alone. As the
experimental agent specifically
targets the biofilm by degrading the
EPS, the results seen provide further
confirmation that biofilm bacteria
significantly contribute to the delay
or arrest in the healing of chronic
wounds. Given the significant wound
healing and closure rates observed in
these long-term, nonhealing wounds,
as well as the lack of related serious
adverse events, using the biofilm-dis-
rupting wound gel appears to be safe
and effective for the management of
chronic wounds. A\
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