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ABSTRACT

Introduction To assess the efficacy of a chitosan-based
gel (ChitoCare) for the treatment of non-healing diabetic
foot ulcers (DFUs).

Research design and methods Forty-two patients with
chronic DFUs were randomized to the ChitoCare or placebo
gel for a 10-week treatment period and 4-week follow-
up. The primary study end point was the rate of complete
wound closure at week 10, presented as relative rate.
Results Thirty patients completed the 10-week treatment
and 28 completed the 4-week follow-up. The ChitoCare
arm achieved 16.7% complete wound closure at week 10
vs 4.2% in the placebo arm (p=0.297), 92.0% vs 37.0%
median relative reduction in wound surface area from
baseline at week 10 (p=0.008), and 4.62-fold higher
likelihood of achieving 75% wound closure at week 10
(p=0.012). Based on the results of the Bates-Jensen
Wound Assessment Tool, the wound state at week 10

and the relative improvement from the baseline were
significantly better (median 20 vs 24 points, p=0.018, and
median 29.8% vs 3.6%, p=0.010, respectively).
Conclusions ChitoCare gel increased the rate of the DFU
healing process. Several secondary end points significantly
favored ChitoCare gel.

Trial registration number NCT04178525.

INTRODUCTION
The estimated number of people with diabetes
was 537 million in 2021, and it is expected to
reach 783 million by 2045." About 15%-25%
of patients with diabetes develop foot ulcers
which are the leading cause of lowerlimb
amputations worldwide.”® Based on data
from 11 countries,” the major amputation rate
in patients with diabetes was 17 times higher
than in the general population in 2013, and
85% of these amputations were preceded by
a foot ulceration that subsequently worsened
to infection or gangrene.8 Therefore, it is
important to detect and treat diabetic foot
ulcers (DFUs) in their early stages.

The current standard of care (SOC) for
DFUs involves four processes: pressure relief,

,"2 Maja Navodnik Preloznik,® Mojca Fir,' Janja Jazbar,?
2 Héléne Liette Lauzon,*

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Diabetic foot ulcers (DFUs) are the leading cause of
lower-limb amputations.

= Some studies indicate that chitosan products may
have potential wound healing properties, but the
efficacy and safety in DFUs treatment is not well
studied.

WHAT THIS STUDY ADDS

= Efficacy and safety of a chitosan-based gel in treat-
ment of DFUs were evaluated.

= The chitosan-based gel accelerated the healing
process of DFUs and significantly improved wound
state after 10 weeks and showed a safety profile
comparable to placebo.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Chitosan-based gel proved to be a safe and effective
option for the treatment of DFUs.

debridement, infection management, and
revascularization when indicated.” Under
ideal conditions, the median time to healing
without surgery is around 12 weeks. However,
>30% of DFUs would not heal despite 20
weeks of SOC.'""* Such results indicate that
SOC may not properly address all factors
underlying wound persistence, highlighting
the need for new therapies to enhance the
healing of chronic DFUs and prevent ulcer
recurrence. Several new adjunctive therapies
(negative pressure wound therapy, hyperbaric
oxygen therapy, bioengineered skin substi-
tutes, topical plateletrich plasma, and stem
cell therapy”) are available and have already
been evaluated by the International Working
Group on the Diabetic Foot (IWGDF)."”
Some of these therapies paired with the best
SOC have already been demonstrated to
provide clinically relevant benefits, but they
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may require highly skilled professionals for their appli-
cation and/or may not be cost-effective.” '+ 1° However,
multifunctional hydrogels, such as chitosan-based gels,
could provide a simple, easy-to-apply, cost-effective, and
efficient therapy for the exceptionally complex pathology
of DFUs.

Chitosan is composed of B-(1—4)-linked D-glucosamine
and N-acetyl-D-glucosamine units, and it is structurally
similar to tissue components such as glycosaminogly-
cans. These components interact with various growth
factors, receptors, and adhesion proteins, in addition to
being the biologically important mucopolysaccharides
in all mammals.'® Chitosan promotes cell chemotaxis
in the first stage of the inflammatory response, reduces
the duration of the inflammation phase, and allows the
growth, proliferation, and differentiation of cells with
histoarchitectural tissue organization. These charac-
teristics make chitosan ideal for use in skin and wound
repair, as well as tissue regeneration techniques.'” '® In
addition, chitosan can trigger blood clotting and block
nerve endings, reducing pain.'” When applied as a gel,
chitosan forms a protective film on drying, provides mois-
ture control and offers a physical barrier against external
skin irritants and contaminants. The physical interac-
tion and the non-pharmacological mode of action of the
chitosan film on the wound confirm its use as a medical
device.” Furthermore, chitosan carries a positive charge
and can interact with negatively charged groups at the
surface of bacterial cells, which consequently alters cell
permeability and potentially affects microbial growth or
survival.*'*

Since 2008, several clinical studies using different
chitosan treatments on chronic wounds have shown
the efficacy of chitosan in preventing infection, main-
taining a moist environment, protecting the wound, and
minimizing scar formation.**" Only a few studies have
evaluated chitosan-based products for DFU treatment,
however, with most including only a small number of
cases. Therefore, the aim of this study was to evaluate
the efficacy of a chitosan-based gel (ChitoCare medical,
Primex ehf, Iceland) in comparison with a placebo gel
for the treatment of DFUs that failed to heal with SOC.

RESEARCH DESIGN AND METHODS

Study design

The CHITOWOUND study (NCT04178525) was designed
as a prospective, multinational, multicenter, double-
blind, placebo-controlled, randomized, two-arm clinical
trial with four study centers in Slovenia and one center
in Croatia. All study centers had specialized diabetic foot
units. Monitoring of the study and statistical analysis were
performed by independent institutions.

Subjects

The main inclusion criteria for participation in the study
were as follows: patients aged 18 years or more with type 1
or 2 diabetes mellitus and a non-healing, uninfected DFU

of Wagner grade <3 (without osteomyelitis) or a postam-
putation wound that was present for at least 4 weeks and
measured 0.5-12 cm®. All selected patients had received
SOC (off-loading therapy with healing shoe or vacuum
cushioned removable cast walkers and inert dressing).
Patients who did not receive off-loading before inclusion
underwent a 4-week run-in period, after which their ulcer
had to have diminished in size by <40%, which indicated
that off-loading alone did not account for significant
wound reduction. Patients had to have a hemoglobin Ic
(HbA, ) value of <12% (108 mmol/mol) and adequate
perfusion of the affected limb with palpable foot pulses,
as assessed by the investigators. Detailed inclusion and
exclusion criteria for study enrollment are presented in
figure 1.

Randomization

Eligible patients were randomized at the baseline visit
(visit 1) to either the ChitoCare or the placebo arm.
Simple randomization was performed at a 1:1 ratio at the
study and study center level. Randomization was done
via previously prepared sealed randomization envelopes
containing unique three-digit randomization numbers,
pre-allocated to one of the treatment arms. Crossover
of patients from one treatment arm to another was not
allowed at any time during the study.

Interventions

All patients were recruited as outpatients at participating
sites. The patients visited their study center eight times:
screening visit, baseline visit with randomization and
first product application, five visits until the end of treat-
ment (weeks 2, 4, 6, 8, and 10), and the follow-up visit at
week 14. All patients received SOC provided by nurses
who specialized in DFU care and the application of a
study product, either ChitoCare medical gel or placebo
hydroxyethyl cellulose gel as described by Ravel et al.”!
The study products were supplied by the sponsor (Primex
ehf) in identical 5 mL airless containers.

Study treatment with the ChitoCare or placebo gel
started at the baseline visit (visit 1), up to 28 days post-
screening. If multiple wounds were present, the ulcer
with the largest area and at least 2 cm from other wounds
was designated as the index ulcer. The study gel was
directly applied to the wound as a thin layer, completely
covering the wound and extending 1 cm from the edges.
The gel then dried, forming a flexible film, and the
wound was covered with an inert standard dressing. The
frequency of application was done in accordance with
the frequency of dressing change, which was at least two
to three times a week. All secondary wounds were treated
with SOC.

On each study visit, wound assessment and debride-
ment were performed before digital photographs of the
wound were taken. Off-loading therapy was provided for
the duration of the study.
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[ 46 PATIENTS SCREENED J

' ™

Inclusion criteria:
+ Writteninformed consent signed
+ Age =z 18 years

Up to 4-week run-in with SOC :

4 patients were excluded:
3 meeting Exclusion criteria,
1 Drop-out: COVID-18
resfrictions

‘ 42 PATIENTS

RANDOMIZED ‘

h 4

h

CHITOCARE ARM - VISIT 1
10-week treatment + 4-week FU

PLACEBO ARM -VISIT 1
10-week treatment + 4-week FU

[

3 Drop-outs: 2 Infections of
wound, 1 SAE

.

Diagnosed with type 1 or type 2 diabetes mellitus

HbA,. = 12%

Presence of foot ulcer that met the following criteria:

a) Size of the wound 0.5- 12 cm?

b) Wagner grade 1 or 2

¢) Wound was not infected

d) Wound was present for at least 4 weeks

With multiple wounds, the biggest wound fitting the criteria was
selected and the distance from other wounds had to be at least
2cm

Post-amputation wound could be included if it fulfilled all other
criteria

Adequate perfusion (good, strong foot pulses). If foot pulses
were weak, evaluation of perfusion pressures with Doppler
ultrasound was performed.

Able to understand and comply with the requirements of the trial

)

N=18 N=24
A
VISIT 2 VISIT 2
2-week treatment 2-week treatment
N=18 N=24
3 Drop-outs: 1 Infecti
wound, 2 COVID-19
restrictions
A
VISIT 3 VISIT 3
4-week treatment 4-week treatment
N=15 N=21

wound, 1 COVID-19

wound, 1 COVID-18

criteria:

Known history of alcohol or drug abuse

Use of any antibiotic medication within the last 7 days prior to
the first application of study product

Ulcer grade Wagner 3 or higher ulcer

Severe comorbidity (cancer, heart failure (NYHA class V),
severe anemia(Hb<100 g/L), neoplasia)

Any significant condition that may preclude the participant from

[ 2 Drop-outs: 1 Infection of }

[ 2 Drop-outs: 1 Infection of ]

the study (e.g., severe depression or psychiatric illness)

+ Severe ischemiaof the affected limb requiring revascularization
procedure

Excessive lymphedema that could interfere with wound healing
(if there was mild edema treated with compression therapy the

1 Drop-out: Infection of
wound

+ Autoimmune connective tissue disease

I patient could be included)
+ Previous participationin a study involving this study product

L A
VISIT 4 VISIT 4
G-week treatment G-week treatment
N=13 N=19
p
VISIT 5 VISIT 5
8-week treatment B-week treatment
N=13 N=18

[ 1 Drop-out: Patient decision ]

h

Participation in another clinicaltrial involving a device or

systematically administered investigational study drug or

treatment within 30 days of the randomization visit

+ Receiving or scheduled to receive a medication or treatment
which, in the opinion of the investigator, was known to interfere
with or affect the rate and quality of wound healing

+ Medical condition likely to require systemic corticosteroids
during the study period

+ Allergic to shellfish, chitosan or one of product compounds

Immabile patients

2 Drop-outs: 1 Infection of
wound, 1 Lostto FU

Pregnant and lactating wormen
Significantincrease in wound healing during run-in period
(reduction of wound area size = 40%)

VISIT 6 VISIT &
10-week treatment 10-week treatment
N=12 N=18

b
FU VISIT FU VISIT
4-week FU 4-week FU
N=12 N=16

Figure 1

Diagram of study flow. BMI, body mass index; FU, follow-up; Hb, hemoglobin; HbA

+ BMI > 39 kg/m?

hemoglobin 1c; NYHA, New

1c’

York Heart Association; SAE, severe adverse event; SOC, standard of care.

Outcomes and end points

At each visit, the photograph of the index wound
included a ruler next to the wound to enable assessment
of complete wound closure, reduction of wound size area
and time to heal. Image] software (NIH, V.1.51, 2017)
was used to convert the measurements shown by the
ruler to pixels for calculating the width, length and area
size of the wound. This method enabled determining
the wound size more accurately than the standard length
by width approximation, especially because most of the
wounds were not rectangular in shape. The wound state

was assessed using the Bates-Jensen Wound Assessment
Tool (BWAT)* and Wagner Ulcer Classification® ** at
each visit.

Ulcer recurrence was tracked for the patients with a
completely healed wound. Adverse events were evalu-
ated for each patient at every visit to ensure patient safety
during the study. Secondary infections, including infec-
tions of the index wound or any other diabetic ulcer,
were recorded as adverse events.

The primary study end point was the rate of complete
wound closure at week 10, presented as the relative rate

BMJ Open Diab Res Care 2024;12:2004195. doi:10.1136/bmjdrc-2024-004195
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(RR). Secondary end points included (1) wound area
reduction from baseline, (2) atleast 50% and 75% wound
closure, (3) HR (ChitoCare vs placebo) for time to 50%,
75%, and complete wound closure, (4) improvement of
wound state assessed with BWAT score and Wagner Ulcer
Classification, and (5) occurrence of adverse events.
Study end points referring to 50% and 75% wound
closure were introduced after study commenced due to
low occurrence of complete wound closure at week 10.

Statistical analysis

Sample size and design rationale

The sample size calculation was based on the primary
end point. Based on prior data,35 50% wound closure
in the placebo arm at week 10 was expected. Assuming
85% wound closure rate for ChitoCare arm at week 10,
27 patients would be needed in each arm to enable rejec-
tion of the null hypothesis that wound closure for Chito-
Care and placebo arms is equal. Type 1 error or alpha was
set to 0.05 and power to 0.80. Assuming a 10% drop-out
rate, a total of 60 patients would be needed (30 per study
arm).

Statistical methods

Numerical variables are presented as medians with
an IQR and as means with an SD. Differences in study
end points presented as categorical variables, such as
number of patients achieving complete, at least 75%
or 50% wound closure, number of patients with wound

improvement (Wagner Ulcer Classification), incidence of
adverse events, and secondary infection occurrence were
analyzed using Fisher’s exact test. The relative reduction
of diabetic ulcer wound size and wound state improve-
ments using BWAT score were evaluated using Mann-
Whitney non-parametric U test. The time to complete, at
least 75%, and at least 50% wound closure was analyzed
by survival analysis using Kaplan-Meier method and
log-rank test with HR calculation. Median times were
reported if 50% probability was reached. Proportional
hazards assumption was tested using x” test and by plot-
ting Schoenfeld residuals versus time. The significance
level was set at 0.05. Statistical analysis was performed in
IBM SPSS Statistics for Windows (V.27.0, IBM, Armonk,
New York, USA) and under R environment for statistical
computing using RStudio (Boston, Massachusetts, USA).

RESULTS

Between August 2018 and May 2020, 46 patients were
screened for the study. Of these, three patients did not
meet the inclusion criteria and were excluded from
randomization and one patient dropped out owing to
COVID-19 restrictions during the run-in period. There-
fore, 42 patients were included in the intention-to-treat
(ITT) population (figure 1), with 18 patients random-
ized in the ChitoCare arm and 24 in the placebo arm.
During the treatment phase, 12 patients dropped out (6
in each arm) leading to 30 patients in total at week 10.

Table 1 Intention-to-treat population characteristics (n=42)

ChitoCare arm Placebo arm
Characteristic N=18 N=24 P value
Sex 6 (33.3) 3 (12.5) 0.212*
N (%) female
Age, years 59.2 (10.0), 58.7 (35.8-77.0) 66.5 (9.3), 66.4 (45.9-84.9) 0.016t
Mean (SD), median (min-max)
BMI, kg/m? 31.4 (4.1), 32.1 (22.5-39.7) 30.7 (3.9), 30.6 (23.8-38.6) 0.608t1
Mean (SD), median (min-max)
Duration of diabetes at baseline, years 17.5 (12.6), 14 (1-54) 20.6 (11.1), 25 (1-37) 0.273%
Mean (SD), median (min-max)
eGFR, mL/min/1.73 m? 80.9 (28.5), 90.4 (31.4-113)f  70.4 (28.3), 76.6 (12.6-108) 0.244%
Mean (SD), median (min-max)
HbA, 7.3(1.1),7.0 (5.6-9.7) 7.3(1.3), 6.9 (5.5-10.2) 0.990t1
%: Mean (SD), median (min-max) mmol/mol: 56 (12), 53 (38-83) 56 (14), 52 (37-88)
Baseline wound area size, cm? 2.55 (1.87), 1.66 (0.50-5.80) 2.01 (1.51), 1.33 (0.30-4.90) 0.309t
Mean (SD), median (min-max)
Baseline Bates-Jensen score 27.9 (4.2), 28 (19-36)F 27.2 (3.1), 27 (21-34)% 0.5361
Mean (SD), median (min-max)
Wound duration, months 16 (28), 6.1 (1.3-109)f 22 (28), 5.6 (1.0-97) 0.459t

Mean (SD), median (min-max)

“x? test.
TMann-Whitney U test.

FData missing for one patient within study arm (n=17 or n=23).

BMI, body mass index; eGFR, estimated glomerular filtration rate using CKD-EPI 2009 equation; HbA

max, maximum; min, minimum.

hemoglobin A1c;

1c’
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Table 2 Study outcomes at week 10 for ChitoCare and placebo arms

ChitoCare arm Placebo arm P value
Complete wound closure: patients with event/all (%) 3/18 (16.7) 1/24 (4.2) 0.297*
75% wound closure: patients with event/all (%) 8/18 (44.4) 3/24 (12.5) 0.033*
50% wound closure: patients with event/all (%) 11/18 (61.1) 7/24 (29.2) 0.060"
Relative reduction in wound surface area, n total 12 18 0.008¢t
Median (Q,; Q,), % 92.0 (61.6; 98.7) 37.0 (-22.9; 68.4)F
Mean (SD), % 76.1 (31.9) 20.5 (68.2)
Bates-Jensen Wound Assessment, n total 10 17
Relative change from baseline score: median (Q,; Q,), % -29.8 (-59.1; -15.8) -3.6 (-15.4; 3.7) 0.0101
Relative change from baseline score: mean (SD), % —-34.0 (22.6) -10.3 (25.5)
Score§ at week 10: median (Q,; Q,) 20 (10; 22) 24 (21; 28) 0.018%
Adverse events; no. of patients with (%) 6 (33.3) 4(16.7) 0.281*
Infection of primary wound, n (%) 2(11.1) 14.2)
Infection of secondary wound, n (%) 1(5.6) 2 (8.3)
Acute bronchitis, n (%) 1(5.6) 0(0)
Injury (twisted ankle, humerus fracture due to fall), n (%) 2(11.1) 0(0)
Hospitalization for pre-existing conditionq], n (%) 0 (0) 14.2)

Total n is smaller for some outcomes due to drop-outs and some missing data at week 10.

*Fisher’s exact probability test.

TMann-Whitney U test.

TA negative value implies an increase in wound surface area.
§A lower score implies a better wound state.

{|Benign prostate hyperplasia.

Characteristics of the ITT population are presented in
table 1. Patients in the ChitoCare arm were statistically
younger compared with the placebo arm (mean differ-
ence of 7.3 years). No other major differences were
observed between the two arms (table 1). The frequency
of applications of the study product (ChitoCare or
placebo gel) differed between study sites, with some
patients applying the gel six to seven times per week and
others two to four times per week, all in accordance with
the study protocol. Randomization was performed per
study site; therefore, there were no statistical differences
between ChitoCare and the placebo arms regarding the
number of applications per week, with an overall mean
4.4 applications per week for ChitoCare arm (n=12) and
4.8 applications per week for placebo arm (n=17) (Mann-
Whitney U test, p=0.375).

Primary outcome

In the ChitoCare arm, three patients (16.7%) achieved
complete wound closure compared with one patient
(4.2%) in the placebo arm at week 10 (RR 4.00, 95% CI
0.453 to 35.4, p=0.297; table 2). Detailed results for weeks
2-8 are presented in online supplemental table S1. Addi-
tionally, the ChitoCare arm showed a 4.44-fold higher
likelihood to completely heal over 10 weeks compared
with the placebo arm (95% CI for HR 0.461 to 42.7), but
the difference was not statistically significant (p=0.158).
The Kaplan-Meier curves presented in figure 2A clearly
show the difference in the rate of complete wound closure

between ChitoCare and placebo arms. Median times were
notreached in either of the study arms. The proportional
hazards assumption was not violated (p=0.560).

Secondary outcomes

Rate of 75% and 50% wound closure

Eight patients (44.4%) achieved 75% wound closure
in the ChitoCare arm compared with three patients
(12.5%) in the placebo arm at week 10, and the differ-
ence was statistically significant (RR 3.56, 95% CI 1.09
to 11.6, p=0.033). A similar trend was observed for 50%
wound closure (61.1% vs 29.2% patients, RR 2.10, 95%
CI 1.02 to 4.32, p=0.060). Detailed results for weeks 2 to
8 are presented in online supplemental table S1. Addi-
tionally, the ChitoCare arm showed a statistically signif-
icant 4.62-fold higher likelihood to achieve 75% wound
closure over 10 weeks compared with the placebo arm
(95% CI for HR 1.22 to 17.2, p=0.012). The median
time for 75% wound closure in the ChitoCare arm was
8 weeks (figure 2B). A statistically significant finding was
also observed for 50% wound closure, with an HR of 3.46
(95% CI 1.31 to 9.10, p=0.008). The median time for
50% wound closure in the ChitoCare arm was 6 weeks
(figure 2C). The proportional hazards assumption was
not violated in either of the outcomes.

Reduction in wound surface area
The median relative reduction in wound surface area
from baseline was 92.0% for the ChitoCare arm compared

BMJ Open Diab Res Care 2024;12:¢004195. doi:10.1136/bmjdrc-2024-004195
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A Complete wound closure
100%
3.:" 90%
o] 80%
= 70%
=)
g 50%
& 40%
3 30%
E 2w
o 10% 0
0% e —
0 2 4 6 8 10
Time [Weeks]
Number at risk
ChitoCare 18 17 15 12 12 10
Placebo 24 24 20 17 17 13
B 75% wound closure
100%
> 90%
E
B 80%
5] 70%
2 6%
(=%
n>.| 50%
= 40%
= 30%
;E, 20%
O 1%
0%
0 2 4 6 8 10
Time [Weeks]
Number at risk
ChitoCare 18 17 12 9 7 6
Placebo 24 23 19 17 15 1
C 50% wound closure
100% A
> 90% 1
=
= 80% 7
L] 70% A
Q
5 60% 1
o 50% 7
I B
= .
§ 20% 1
O 1091
0%
0 2 4 6 8 10
Time [Weeks]
Number at risk
ChitoCare 18 17 12 T 4 2
Placebo 24 23 18 15 14 9

Figure 2 Kaplan-Meier curves showing probability of
complete, 75%, and 50% wound closure for ChitoCare (blue
line) and placebo (red line) arms. The dashed line in each
graph indicates the median time to wound closure.

with 37.0% for the placebo arm (p=0.008) at week 10
(table 2). Results for weeks 2-8 are presented in online
supplemental table S2.

Improvement in wound state

A significantly better wound state was reported in the
ChitoCare arm (median 20 points) compared with the
placebo arm (median 24 points) at week 10 based on
BWAT (p=0.018, table 2). The relative improvement from
the baseline wound state was also significantly higher in

the ChitoCare arm (median 29.8%) compared with the
placebo arm (median 3.6%, p=0.010). Figure 3 compares
the observed improvement of each BWAT domain from
baseline to week 10 in both arms and displays the main
effects of ChitoCare gel. Seven domains (size, under-
mining, necrotic tissue type, necrotic tissue amount, skin
color surrounding wound, peripheral tissue edema, and
peripheral tissue induration) had low scores at baseline,
leaving little room for improvement during the study. Six
domains (depth, edges, exudate type, exudate amount,
granulation tissue, and epithelialization) had higher
baseline scores, enabling observation of noticeable
improvement during the study. The share of patients with
improvement in these six domains at week 10 was greater
in the ChitoCare arm (50%-80%, n=10) compared with
the placebo arm (15%-45%, n=17), with the greatest
improvement in the epithelialization domain. However,
the sample size was too small to permit adequate power
for statistical analysis.

The results of the Wagner Ulcer Classification (the
number of subjects with wound improvement) showed
no statistical difference between ChitoCare and placebo
arms (data not shown). This method of wound state
assessment is less sensitive to change compared with
BWAT, because there is only one domain with six levels of
wound assessment (grades 0-5).

Ulcer recurrence

In the 4 weeks of follow-up, no ulcer recurrence was
reported in any patient with a completely healed wound
in either arm of the study.

Safety

Actotal of 12 adverse events occurred during the treatment
and follow-up phase in 12 patients, 7 (38.9%) patients in
the ChitoCare arm and 5 (20.8%) patients in the placebo
arm (p=1.000, table 2). All reported adverse events were
determined to be non-related to the treatments. Hospi-
talization of patients owing to wound infection was not
considered a serious adverse event per this study protocol
because it was an expected progression of the primary
disease. However, severe adverse event was reported in
one patient in the ChitoCare arm (hospitalization due
to a humerus fracture) and in one patient in the placebo
arm (hospitalization due to pre-existing benign prostate
hyperplasia).

DISCUSSION

Although several studies have evaluated chitosan in the
promotion of chronic wound healing,”*™ only a few
have evaluated chitosan in DFUs and only one of these
studies® was assessed in the 2019 IWGDF guidelines for
DFU treatment. The goal of the CHITOWOUND study
was to explore the effect of chitosan as an easy-to-apply
gel on healing of DFUs.

Outcomes related to wound healing
The primary end point of the study was to compare
complete wound healing after a 10-week treatment period
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Figure 3 Heatmaps of mean scores in each domain of the Bates-Jensen Wound Assessment Tool for the ChitoCare and
placebo arms from baseline to week 10. Lower scores (blue color) indicate better wound state. The upper heat map includes

the four domains with a score scale of 0-5 and the lower heat map includes the other nine domains with a score scale of
1-5. Improvement in wound state is seen in the domains that have a higher mean baseline score. In these domains, the
improvement (shift to blue shades by week 10) is more pronounced in the ChitoCare arm than in the placebo arm.

between patients receiving ChitoCare treatment and
those receiving a placebo treatment. Although the effect
size favoring the ChitoCare study arm was high, no statis-
tically significant difference for this outcome was found
between the arms, likely owing to the small number of
healed wounds at week 10. The low healing rate could
be due to the fact that only chronic wounds, lasting at
least 4 weeks, were included in the study. It is noted that
the mean duration of wound prior to inclusion in the
study was >1 year in both study arms (table 1). Addition-
ally, a 4-week run-in period was performed prior to the
start of the intervention, during which wounds that had
already healed significantly (>40%) were excluded from
the study. In comparison with the study by Totsuka Sutto
et al,” in which a threefold higher effect was observed for
the chitosan arm after 75 days of treatment, the effect
of ChitoCare gel was fourfold higher compared with
placebo after 70 days. A comparison of our placebo arm
(4.2% patients healed at week 10) with patients receiving
other standard treatments'®"? ** * indicates the impor-
tance of a longer treatment time for enhanced healing.
The time to complete wound closure analysis also
favored ChitoCare gel. The likelihood of complete wound
closure at any time point within the treatment period was
more than fourfold higher for the patients in the Chito-
Care gel arm compared with the placebo arm, although
the outcome did not reach statistical significance.
However, statistical analysis revealed that significantly

more patients in the ChitoCare arm achieved atleast 75%
wound closure at week 10. The statistically significant
difference for rate of at least 50% wound closure, which
favored the ChitoCare arm at weeks 6 and 8 but not at
week 10, suggests that wound healing in the placebo arm
had slightly improved at the end of treatment period.
Altogether, these results imply a favorable effect of Chito-
Care gel on wound healing, although longer treatment
would be needed for complete wound healing.

Additionally, it was observed that wounds treated
with ChitoCare gel healed faster than those treated
with placebo gel. This observation is supported by the
outcomes of several secondary end points in the study.
First, the relative reduction of wound size area at weeks 6,
8, and 10 was significantly in favor of the ChitoCare arm,
with a mean relative reduction estimated at 60.3%, 70.3%,
and 76.1%, respectively, compared with 24.8%, 19.1%,
and 20.5% in the placebo arm. Interestingly, during the
10-week treatment, the mean relative reduction of wound
size area in the ChitoCare arm of our study was higher
than in the chitosan arm of the study by Totsuka Sutto et
al® However, the methods of wound size area calculation
were different. Totsuka Sutto et a”® used multiplication
of the largest by the smallest wound diameter to calculate
the wound size area, while we calculated the area based
on the number of pixels from wound photographs.

The enhanced ChitoCare gel efficacy observed in our
study compared with the chitosan arm in the study by
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Totsuka Sutto et al® could be due to differences in gel
composition. The higher chitosan concentration and
pH® could have caused the gel to be less mucoadhesive
and biologically active. In addition, the organic acid used
in the gel may influence chitosan properties. Previously,
acetic acid was found to be less desirable than lactic
acid, which allowed for a more flexible and bioadhesive
chitosan film that had better skin suitability.”® *

The improvements in 75% and 50% wound closure
coincide with the significant improvement in wound state
(BWAT) observed at all time points favoring the Chito-
Care arm. Specifically, the BWAT domains of epitheli-
alization, exudate type and amount, wound depth, and
edges improved faster in the ChitoCare arm than in the
placebo arm. This coincides with earlier publications
indicating that chitosan can help regulate an appro-
priate inflammatory microenvironment conducive for
healing,” promote tissue granulation,* and enable faster
wound contraction," while providing a matrix for tissue
growth and stimulating cell proliferation."”

Study strengths and limitations

The CHITOWOUND study aimed to achieve objec-
tive results; therefore, the primary outcome was set as
complete wound closure rather than wound size reduc-
tion or a similar outcome. Still, a calculation based on
Image] analysis of wound photographs was used to deter-
mine the wound size, instead of the classic length by
width calculation. For determining other wound charac-
teristics, the study used BWAT, a very detailed tool. The
run-in period with off-loading allowed for an equal base-
line between participants and excluded ‘fast-healers’.
Prohibition of the use of antibiotics or other medication
that could affect the healing process also allowed for
more objective comparisons; however, the strict inclu-
sion/exclusion criteria resulted in drop-outs.

Although the participants in the ChitoCare arm were
statistically younger, other more important characteristics
such us BMI, HbA, , eGFR, and duration of wound did
not differ. In fact, the mean duration of a wound before
inclusion was >1 year in both arms, which could account
for the few completely healed wounds at week 10. Never-
theless, other important outcomes, such as wound dura-
tion, size, and depth clearly showed positive effects due
to chitosan and could be a predictor of complete wound
healing. This prediction is consistent with previous find-
ings* that the per cent change in foot ulcer area after 4
weeks of observation is a robust predictor of healing at
12 weeks.

The study was performed during the COVID-19
pandemic, which hindered recruitment, caused drop-
outs and protocol deviations, and consequently led to
an early termination in order to safeguard patient safety
and data integrity. The original sample size calculation
was 60 patients (30 per arm) but ultimately, 46 patients
were recruited and 42 patients were included in the ITT
analysis. However, the number of patients included in the
ITT analysis per arm (18 in ChitoCare and 24 in placebo)

was comparable to that of Totsuka Sutto et af (4 arms, 17
patients per arm).

Despite its limitations, our study also had numerous
strengths. This study represents one of the few random-
ized controlled studies of DFU treatment with chitosan,
and to the best of our knowledge, it is the largest one to
date. The high number of analyzed outcomes offers an
important contribution to the broader understanding of
the effects of chitosan in DFU treatment.

Conclusions

DFUs are often associated with adverse outcomes
including protracted healing, failure to heal, infection,
sepsis, amputation, a high risk of recurrence in those that
do heal, and death. The management of DFUs remains
a challenge.”” The cornerstones of DFU management
are off-loading, wound debridement, restoration of foot
perfusion, control of infection, and choice of appro-
priate dressing. A wide variety of adjunctive treatments
are available on the market, but appropriate good-quality
evidence of their efficacy and effectiveness is often
lacking.

Our study addressed the effect of ChitoCare gel on DFU
healing. Although the primary end point of complete
wound closure at week 10 was not met, the ChitoCare
gel obviously increased the rate of DFU healing, demon-
strating a fourfold effect compared with placebo. This
conclusion is supported by several secondary end points
that significantly favor ChitoCare gel treatment. We
speculate that a slightly longer treatment time could
contribute to complete healing of complex DFUs. Chito-
Care gel, paired with SOC, proved to be safe to use as
a topical treatment for DFUs. One of its advantages is
its easy application, which enables home use and thus
eliminates the need for frequent clinic visits. This could
considerably reduce DFU treatment costs.

The study contributed new data on chitosan applica-
tion and DFU healing. However, additional studies with
unified SOC, larger sample sizes, and longer treatment
and follow-up periods are required to obtain definitive
evidence regarding the positive effect of chitosan on
DFU healing and optimal treatment.
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