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Concurrent optical and magnetic
stimulation therapy in patients with
lower extremity hard-to-heal wounds

Objective: The treatment of patients with hard-to-heal wounds
represents a major multidisciplinary challenge. Therefore, the
development and clinical validation of new technologies remains
extremely important. The novel application of concurrent optical and
magnetic stimulation (COMS) offers a promising noninvasive
approach to support physiological wound healing processes,
especially in hard-to-heal wounds.

Method: In a multicentre, prospective, comparative, clinical trial,
patients with hard-to-heal wounds on lower extremities of different
aetiologies were treated with COMS as an adjunct to standard of
care (SOC). The primary endpoint was safety; secondary endpoints
were wound healing, pain and wound-specific quality of life
(Wound-Qol).

Results: A total of 40 patients were enrolled in this study (intention
to treat population (ITTP), n=40). Of these patients, 37 were included
in the analysis of the primary endpoint (primary endpoint population,
(PEP), n=37). A further subgroup of 30 patients was included in the
analysis of the secondary endpoint (secondary endpoint population
(SEP), n=30). Finally, the SEP was stratified regarding patients’
responsiveness to SOC in an SOC non-responder subgroup (NRSG),
n=21, and in an SOC responder subgroup (RSG), n=9. A total of 102
adverse events (AEs) were recorded, of which 96% were ‘mild’ or
‘moderate’, and 91% were either a singular or transient event. Only
11 AEs were serious and associated with inpatient treatments
unrelated to the studied intervention. In the NRSG, reductions in

wound size were found to be statistically significant within the
different study periods. Additionally, an acceleration of the healing
rate was detected between the baseline and the first four weeks of
COMS treatment (p=0.041). The rate of near-complete and complete
wound closure in the SEP after 12 weeks were 60% and 43%,
respectively. Pain reduction across the treatment group was
statistically significant (p<0.002 for both the SEP and NRSG). The
Wound-QoL score improved by 24% during the study (p=0.001).
Conclusion: In this study, COMS treatment for patients with hard-
to-heal wounds on lower extremities was a safe and effective novel
treatment option, especially for patients who did not respond to SOC.
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he treatment and associated economical
burden of hard-to-heal wounds represent a
major challenge for modern healthcare
systems around the globe.? Common
causes of impaired wound healing of the
lower legs are chronic venous insufficiency (CVI) and
peripheral arterial disease (PAD), or a combination of
both.3 Adequate diagnosis and therapy of the underlying
causes are key aspects for treatment.? In addition,
topical treatment approaches need to be considered, as

wound healing can stall in the inflammatory or
proliferative phase.> New technologies which address
the processes of modulating inflammation and tissue
perfusion are thus a promising step forward in enabling
the transition to successful wound healing.>!! The
concurrent optical and magnetic stimulation (COMS)
system incorporates the technologies of pulsed
modulated electromagnetic fields and photon emission
which is then locally applied to the wound area with
the aim of accelerating wound tissue repair (Fig 1).1213
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Endogenous electric signals have been reported as
essential to driving tissue regeneration and wound
healing.!? A short-circuit of the transepithelial electrical
potential (TEP) induced by a disrupted epithelium was
reported to be an essential physical cue required to
induce wound healing.'® The electrical field, sensed by
cells in the local vicinity, induces biological responses,
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which occur at small differences in electrical potential
(0.1-0.2mV) in <15 minutes.'* The risk of reduced
transepithelial potential and, consequently, of impaired
wound healing guiding currents is high in lower
extremity hard-to-heal wounds, which are characterised
by poor microcirculatory perfusion.'® Re-induction of
these vital electrical currents in compromised tissue can
be achieved by externally applying electromagnetic fields
with time-varying characteristics that exert a force on
charged particles.'® These electromagnetic fields in the
COMS device are produced by a coil that emits pulsed
modulated electromagnetic fields in the extremely low
frequency (ELF) range of the electromagnetic spectrum.
The signal is emitted in an asymmetrical trapezoidal
shape at 20Hz, with an increasing peak field strength of
up to 1.6mT (16 Gauss), at the treatment location, for a
duration of 16 minutes per session.

Optical stimulation

In living organisms, the absorption of photonic energy
by molecules with photoreceptive properties can trigger
biological responses necessary for wound healing.!”18
Photobiomodulation within tissues can occur at
wavelengths in the far-red to near-infrared spectral
range (600-1000nm), the so-called bio-optical window,
where the photonic energy can reach deeper into the
tissue and is not reflected at the surface.'”

The most prominent target for biomodulative action
is the enzyme cytochrome C oxidase in the inner
mitochondrial membrane.?° The haemoprotein which
contains two iron ions (haem a and haem a3) and two
copper centres (CuA and CuB) at its catalytic cleft is
known to absorb light in the far-red and near-infrared
spectral range, in a redox state-dependent course.?!
Simultaneous application of these wavelengths can
therefore be more effective than either one applied
alone.?? Exposure to light in the absorption spectrum of
660-840nm induces nitric oxide (NO) photo
dissociation which, among other factors, is a potent
mediator for vasodilation.??

The optical stimulation component of the COMS
device is designed to emit light by two types of
light-emitting diodes (LEDs) in the wavelengths of
660nm (far-red) and 830nm (near-infrared). The optical
signal is pulsed at 1kHz with a maximum pulse width
of 0.3ms. The device emits a pulse peak power of
25mW/cm?, at an average power output of SmW/cm?
at the treatment area.

Concurrent optical and magnetic stimulation

The concurrent application of both technologies is
intended to facilitate the dynamic and synergistic
processes of wound healing. The anti-inflammatory
action attributed to magnetic stimulation (MS)
originates from a shift in the cytokine profile, which
drives the process through the pro-inflammatory state
towards its resolution.?4-28 Triggering the process of
neoangiogenesis and tissue perfusion is critical for
effective regeneration of wounded skin. The support of
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Fig 1. Concurrent optical and magnetic stimulation therapy in a patient
with a hard-to-heal wound on the lower extremity (picture taken at
Venenklinik Bellevue, Kreuzlingen, Switzerland)

coordinated proliferative behaviour through optical
stimulation (OS) augments the tissue’s regenerative
capacity to restore functional integrity in the dermal
layers of mammalian skin.?°-31 In addition, the
facilitation of collagen deposition and reorganisation
through OS during the subsequent remodelling phase
is crucial to the biomechanical strength of scar tissue,
for cell-to-cell adhesion and for communication within
the newly formed tissue.3?33

These new technologies do not replace standard of
care (SOC) measures; however, they represent a
promising intervention in expediting wound healing. It
can therefore be stated that OS and MS have significant,
scientifically proven, positive effects on almost all
phases of tissue repair. While MS is associated with
immunomodulatory action®* and stimulation of tissue
perfusion,3> OS induces cell proliferation3® and
connective tissue remodelling.3’” The aim of this
prospective clinical study was to assess the primary
safety outcomes of the concurrent application of these
technologies in wound healing while measuring
improvements in wound healing, pain and quality of
life (QoL) as secondary outcomes.

Methods

This clinical investigation was planned as a multicentre,
prospective, comparative, clinical study. The study was
approved by the Ethics Committee Ostschweiz,
Swissmedic reference number 2017-MD-0008
(ClinicalTrials.gov Identifier: NCT03112395) according
to the requirements of the International Conference on
Harmonisation Good Clinical Practices (ICH GCP)
guidelines, based on the ethical principles of the
Declaration of Helsinki.

Patients were recruited from four centres in
Switzerland (Venenklinik Bellvue AG, Kreuzlingen;
Kantonsspital Nidwalden, Stans; Spital Madnnedorf;
Kantonsspital St. Gallen) over a period of 32 months. In
consultation with the regulatory authorities, patients
were recruited for the study using the following
inclusion criteria:
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Fig 2. CONSORT diagram. ITTP—intention to treat population;
COMS —concurrent optical and magnetic stimulation
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inclusion criteria for secondary
endpoint analysis (n=7)

e Age: minimum 18 years old, maximum 90 years old

e Aetiology: venous, arterial or mixed leg ulcers

e Wound duration: at least four weeks

e Wound area: minimum 1cm?, maximum 50cm?

e No changes of treatment of causal therapy of

underlying disease planned.

Exclusion criteria were:

Pregnant women

Known or suspected non-compliance/adherence

Addiction such as drug or alcohol misuse

Participation in another study with investigational

treatment(s) within the 30 days preceding and during

the present study

e Enrolment of the investigator, his/her family
members, employees and other dependent persons

e Patients with active medical devices, such as
pacemakers and defibrillators, infusion devices and
insulin pumps, metallic implants or endoprosthesis at
the extremity of concern, placed below the hip

o Life-threatening condition

e Immunosuppressive after organ transplant or
chemotherapeutic treatment within 30 days before
the start of the study.

All patients provided written informed consent to
participate in the study, and this included the use of the
photograph.

For the data analysis, patients were stratified into
subgroups according to the specific endpoints to be
analysed (Fig 2):

e Intention to treat population (ITTP): defined as all
patients who were enrolled in the study

e Primary endpoint population (PEP): a subpopulation
of the ITTP, defined as all patients who received at
least one treatment with the investigational product
and was used to assess the primary safety outcome

e Secondary endpoint population (SEP): defined as all
patients who completed at least 18 COMS treatments.

This group was further divided into:

e SOC non-responder subgroup (NRSG): defined as
patients with low healing prospects (<30%
reduction of wound area in the SOC baseline phase)

e SOC responder subgroup (RSG): defined as patients
showing substantial healing solely from improved
compliance with SOC (>30% reduction of wound
area in the baseline phase).

This division in subgroups was applied to specifically
select therapy-refractory, hard-to-heal wounds which
did not demonstrate significant wound healing within
30 days, based on the recommendations of the European
Wound Management Association (EWMA)38 as well as
the US Food and Drug Administration (FDA) Guidance
for industry.3°

Treatment and wound healing progress

In this study, wound healing progress during the SOC
treatment was assessed over a period of four weeks to
provide a comparative control phase before the
interventional treatment started (baseline phase:
weeks —4-0). Wound healing progress was then observed
for eight weeks of SOC plus COMS treatment (treatment
phase: weeks 0-8). Additionally, wound healing
progression after termination of the interventional
treatment was observed for a further four weeks
(follow-up phase: weeks 8-12). The treatment regimen
for SOC remained similar in all phases of the trial and
was performed on average 2-3 times per week (Fig 3).

SOC was aligned with guidelines of the Swiss Association
for Wound Care (SAWC), but was individualised as
deemed necessary by the treating physicians. It included:
wound cleansing; debridement; exudate management;
maintenance of a physiologically moist wound
environment; and management of infection and
inflammation. No other advanced wound care products
were allowed to be used during the study period. Measures
to address the underlying vascular aetiology, such as
compression therapy, were considered as SOC, and were
continuously assessed throughout the study period.

The COMS treatment was added as an adjunctive
treatment to SOC for eight weeks and was administered
2-3 times per week for 16 minutes at each application.
The treatment took place during standard patient visits,
after cleansing and debridement of the wound under
examination. The therapy was applied over the wound
through a single-use disposable barrier to avoid patient
cross-contamination and infection. Each patient was
treated with the same treatment frequency, the same
treatment duration and the same dosage.

Primary endpoint

The primary endpoint of the study was safety. The
incidence, severity, time of occurrence, type and
causality of adverse events (AE) during SOC (baseline
and follow-up phase) were compared with those of the
COMS treatment phase. AEs were coded using the
MedDRA (English Version 23.0) coding dictionary and
analysed through an independent medical advisor along
predetermined criteria for severity and duration. An
autocorrelation analysis (Ljung-Box test) was performed
to detect whether the treatment-related AEs were
independently distributed or whether they exhibited a
serial correlation over the course of the study.

Secondary endpoints
The secondary endpoints of this study were focused on
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efficacy. The change of wound area and volume, pain
level and QoL were analysed over the course of the
different study phases. Silhouette Star (ARANZ Medical,
New Zealand) hardware and Silhouette connect
v3.21.0 (Build 154) software were used to measure
wound size and volume. In order to ascertain the
change in wound healing rate over time, a linear mixed
model (LMM) analysis was performed on the SEP and
NRSG subgroups. Here, the changes in wound area
measurements were compared at five equidistant
analysis timepoints (at 28 days apart) appropriate for
direct testing and comparison. The timepoints were
chosen at the beginning and end of the SOC baseline
(weeks —4 and 0), the beginning, middle and end of the
SOC/COMS treatment period (weeks 0, 4 and 8) as well
as the beginning and end of the follow-up phase
(weeks 8 and 12).

Additionally, the rate of near-complete and complete
wound closure, defined as a total wound area reduction
of 90% and 100%, respectively, were assessed.
Kaplan-Meier survival analysis was performed to
analyse the proportion of wounds achieving complete
and near-complete closure during the 12 weeks after
COMS treatment initiation, considering the latest
timepoint of the closure event.

Pain was assessed using the visual analogue scale
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Fig 3. Study flowchart. SOC —standard of care; COMS —concurrent
optical and magnetic stimulation; AE-adverse event

Screening visit
Week 0

Baseline
Weeks -4-0

Treatment phase
Weeks 0-8

Fallow-up phase
Weeks 8-12

Screen patients by inclusion/exclusion
criteria; obtain demographics, medical
history and informed consent

SOC treatment for four weeks (2-3x
weekly/Monday, Wednesday, Friday).
Primary and secondary endpoint
collections at days 1, 15, 29 (5)

SOC+COMS treatment for eight weeks

(2-3x weekly/Monday, Wednesday, Friday)
Treatment and AE assessment at days 29, 31,
33, 36, 38, 40, 43, 45, 47, 50, 52, 54, 57, 59,
61, 64, 66, 68, 71, 73, 75, 78, 80, 82 (+5).
Primary and secondary endpoint collections
(1x weekly/Friday) at days 33, 40,
47,54, 61, 68, 75, 82 (+5)

SOC treatment for four weeks (2-3x
weekly/Monday, Wednesday, Friday).
Primary and secondary endpoint
collections at days 85, 99, 113 (+7)

(VAS).%0 The change in VAS score of the SEP from the
baseline (week —4) to follow-up (week 12), as well as the
first SOC/COMS treatment (week 0) to the study close
out visit (week 12) were analysed. The significance of the
changes in VAS responses were tested using the paired
samples t-test. Wound-specific QoL was quantified using
the validated Wound-QoL questionnaire.*! In terms of
content, these items were assigned to the areas of
physical, psychological and everyday aspects of QoL
impairment. Health-related QoL was assessed at baseline

and study close and analysed to determine the change
in Wound-QoL in the SEP over the study period. The
significance of the changes were compared in all three
dimensions, as well as the overall Wound QoL score
using the paired samples t-test.

Statistical analysis

A statistical data analysis was performed for the
different endpoints. Descriptive statistics were used to
summarise demographic characteristics of the study

Table 1. Characteristics of the patient sample population for ITTP, PEP and SEP

By population (descriptive) ITTP PEP SEP
Sample size, valid n 40 37 30
Sex, n (%)
Male 22 (55.0) 22 (59.5) 17 (56.7)
Female 18 (45.0) 15 (40.5) 13 (43.3)

Age, years, mean=SD (median)
Height, cm, mean+SD (median)
Weight, kg, mean+SD (median)
BMI, kg/m?, mean+SD (median)

Duration between wound onset and screening week 4, days, mean+SD
(median)

Wound area at screening week 4, cm2, mean+SD (median)

Wound area at baseline week 0, cm?, mean+SD (median)

72.3+11.0 (72.0)
171.2+11.0 (171.5)
82.2::21.4 (80.0)
27.9+6.1 (28.3)

366.9+717.1 (169.0)

7.94+7.59 (5.46)

7.70+7.56 (5.65)

72.2+11.4 (72.0) 72.5+11.7 (72.5)

171.9+11.1 (174.0) 170.5+10.5 (173.5)
84.7+20.2 (82.0) 83.6+21.3 (81.0)
28.6+5.8 (29.0) 28.7+6.4 (29.1)

373.5+735.0 (169.0) 333.3+658.0 (155.5)

8.31+7.71 (5.52) 9.89+7.71 (7.65)

8.05+7.69 (5.80) 9.68+7.65 (7.20)

ITTP—intention to treat population; PEP—primary endpoint population; SEP—secondary endpoint population; SD—standard deviation; BMI—body mass index
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Fig 4. Ljung-Box test for autocorrelation of all adverse events (AEs) to
study visits. Relationship of AEs to study visits. The Ljung-Box test
suggests there was no autocorrelation for AEs over the course of the
study periods. SOC —standard of care; COMS —concurrent optical and
magnetic stimulation
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Fig 5. Secondary endpoint population (SEP) (n=30) mean wound area
(cm?3). Mean wound area by visit with 95% confidence interval (Cl). No
significant acceleration of wound healing could be observed in the SEP as
a proportion of patients already exhibit substantial healing solely from
improved compliance with standard of care (SOC). COMS —concurrent
optical and magnetic stimulation; Cl—confidence interval
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population and to perform survival analysis using the
Kaplan-Meier method. For categorically scaled
variables, the absolute and relative frequencies were
reported. For continuously scaled variables the
mean, standard deviation (SD), median, minimum
and maximum were reported. The relationship of AEs
to study visits was analysed by using the Ljung-Box
test for autocorrelation. The significance of the
changes in wound area were tested using the paired
samples t-test. A p-value of <0.05 was considered
statistically significant.

Results

A total of 40 patients were recruited to the study.
However, one patient enrolled in the study was a
screening error and had no defined aetiology. Of these,
20 (51.3%) patients had venous leg ulcers, seven (17.9%)
had arterial leg ulcers, nine (23.1%) had mixed leg ulcers
and three (7.7%) had diabetic foot ulcers (DFUs). Wound
size in the ITTP ranged from 0.1-29.6cm? (mean: 7.9cm?,
median: 5.5cm?). There was a broad distribution of ulcer
locations within the different subgroups (calf, ankle,
malleolus, plantar, toe). There were no relevant
differences between the analysed populations with
regards to the collected demographic data (Table 1).

Primary endpoint population

Of the total ITTP (n=40), three (7.5%) patients dropped
out of the study before receiving any COMS treatment,
either due to a screening error or lack of patient
adherence. Therefore, 37 (92.5%) patients (female: n=15
(40.5%), male: n=22 (59.5%), age: 32-90 years, mean:
72.2 years, median: 72.0 years) received between one
and 24 COMS treatments over a period of eight weeks.

During the investigation 29 (78.4%) patients
experienced 102 AEs. Almost half (48.6%) of the PEP
experienced <1 AEs throughout the study. AEs were to
a large extent mild or moderate (96%) and either a
singular or transient event (91%). Altogether, 54% of
the AEs resolved without intervention. In addition, half
of the AEs (51%) were expected, namely, a temporary
modified pain perception. As a known side-effect related
to the onset and phase transition of hard-to-heal
wounds towards healing, this modulated pain
perception was expected.

Overall, 45 (44.1%) of the AEs were considered
‘causally’, ‘probably’ or ‘possibly’ related to the COMS
treatment. Of these, 32 (71.1%) occurred before treatment
and 13 (28.9%) immediately after treatment. Of the
unexpected AEs, only a small proportion (8%) were rated
as ‘possibly’ related to the investigational treatment.
There was no noticeable relationship between the AEs
and study visits throughout the whole of the study
period, confirming that the COMS treatment did not
result in an increased number of AEs (autocorrelation
coefficient —0.11-0.06, p=0.620 to p=0.935, Fig 4).

There were 11 AEs (10.8%) that required inpatient
treatment and were categorised as serious adverse
events (SAE). The reasons for hospitalisation in five
patients were related to known complications of the
underlying disease being treated, consequently they
were credibly assessed as unrelated to the COMS
treatment. A further five patients with SAEs were
hospitalised due to cardiovascular incidents related to
their general state of health, while another SAE occurred
due to an accident (rip fracture) and was assessed as
‘very likely’ not related to the investigational treatment.

Secondary endpoint population
A total of seven patients were excluded from the
secondary endpoint analysis due to a failure to meet the
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eligibility criteria for the SEP. The analysis required a
wound area >1cm? in order to reliably detect changes
over the course of the study. Of the seven patients
excluded, three were classified as DFUs. Therefore, the SEP
resulted in n=30 patients (female: n=13 (43.3%), male:
n=17 (5§6.7%), age: 32-90 years, mean and median: 72.5
years) of whom 21 (70.0%) patients were part of the
NRSG and nine (30.0%) patients part of the RSG.

Mean ulcer duration between onset and screening for
the NRSG and RSG subgroups (Table 2) was 417.9 days
and 136.0 days, respectively (median: 199.0 days for
NRSG and 91.0 days for RSG).

In the SEP group, no visible effects of the COMS
treatment on wound healing were observed when
analysing the change in wound area over time, as a
proportion of patients in the RSG already showed
substantial healing during the baseline phase because
of improved adherence with SOC (Fig 5). After the
initial four weeks of SOC, the wound area in the NRSG
reduced by approximately 10%, while in the RSG it
reduced by 65%. The mean wound area in the NRSG
was approximately four times that of the RSG at the
time of COMS treatment initiation, namely
9.99+7.30cm? versus 2.41+2.64cm?, respectively.

In the NRSG subgroup, a decrease in wound area was
present in all different study phases, with an acceleration
of the healing rate after initiation of the COMS treatment
(Fig 6). The mean difference in wound size reduction was
0.91cm? during the baseline phase, increasing to 2.21cm?
(weeks 0-4, p=0.002) and 2.60cm? (weeks 4-8, p=0.006)
during the COMS treatment phase (Table 3). The healing
rates during the COMS treatment increased 2.43-fold in
the initial treatment phase (weeks 0-4) and 2.85-fold in
the second treatment phase (weeks 4-8), when compared
with the initial SOC phase (baseline). In the follow-up
phase, the healing rate remained approximately twice as
high (-1.84cm?, p=0.001) when compared with the
baseline phase, which raised the possibility of a residual
beneficial effect of the COMS treatment. The acceleration
of the healing rate between the baseline and the first four
weeks of the COMS treatment (p=0.041) was remarkable,
considering the low wound healing progress during the
baseline phase, as well as the prolonged wound duration
in the NRSG (Table 4).

The Kaplan-Meier survival analysis of the SEP (Fig 7)
showed that COMS-treated patients reached a 60% rate
of near-complete wound closure (>90% area reduction)
and a 43% rate of complete wound closure (100% area
reduction) at week 12. Wound volume measurements
were excluded after initial analysis due to lack of quality
of the respective data.

The reduction in pain (VAS scoring) in the SEP after
completion of the COMS treatment was impressive
(p<0.001). In the NRSG, the reduction in pain was
noticed for both the treatment and follow-up phases
(p=0.001 and p=0.002, respectively). In the RSG, there
was only a clear reduction (p=0.013) from the baseline
phase, but not for the treatment phase (p=0.054) as a
high proportion of wounds were by then already closed
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Table 2. Time between wound onset and screening
by populations (NRSG, n=21; RSG, n=9). The NRSG
seemed to have a longer time between wound onset
and screening when compared with the RSG

SEP
NRSG (n=21) RSG (n=9)

Duration between wound onset and screening week 4,
days

Mean 417.9 136.0
Standard deviation 7.7 1341
Median 199.0 91.0
25th percentile 91.0 50.0
75th percentile 400.0 128.0
Minimum 33 33
Maximum 3630 418

SEP—secondary endpoint population; NRSG—non-responder subgroup;
RSG—responder subgroup

due to substantial healing in the SOC phase (Table 5).
The overall Wound-QoL score for the SEP improved by
24% during the whole of the study period (p=0.001), and
improved scores were also observed for both the NRSG
and RSG (p=0.036 and p=0.008, respectively; Table 6).

Discussion

The treatment of patients with hard-to-heal wounds
remains a major multidisciplinary challenge.*>43 In
particular, these protracted, therapy-refractory wounds,
which do not demonstrate any significant wound
healing within 30 days, place a physical, psychological
and economic burden on all involved, including
patients and healthcare systems.*

In recent years, a number of new treatment options
for patients with hard-to-heal wounds have come to the
market.*> Unfortunately, the underlying scientific
evidence regarding these new medical devices and
treatments is often insufficient to objectively assess
their real benefits in wound healing. The assessment of
safety and efficacy should be an obligatory prerequisite
for clinical use and, optimally, for the reimbursement
of the therapy; however, this is not always the case.

The clinical trial reported in this paper is, to the
authors’ knowledge, the first to investigate the clinical
effects of COMS technology in a single device in
patients with hard-to-heal leg ulcers of different
aetiologies. In terms of safety, no relevant issues were
found with regard to clinical implementation. The
general pattern of AEs observed during the investigation
was mild, transient and of spontaneous resolution. The
majority of the AEs (n=89; 87.3%) were reported at
the patient visit prior to the start of COMS treatment.
The autocorrelation coefficient showed no
autocorrelation for AEs over the course of the study,
indicating that the COMS treatment did not lead to an
elevated incidence of AEs.
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Table 3. Mean difference with 95% CI of change in wound area between treatment periods (baseline
(weeks -4-0), treatment (weeks 0-8) and follow-up (weeks 8-12), NRSG (n=21)). Wound healing rates in the
NRSG increased by a factor of 2.5-3 after initiation of the COMS treatment

Week versus Week Mean difference, cm?
-4 0 -0.91
0 4 -2.21
4 8 -2.60
8 12 -1.84

95%Cl for difference

p-value Lower bound Upper bound
0.045 -0.02 -1.80
0.002 -0.95 -3.48
0.006 -0.84 -4.35
0.001 -0.80 -2.87

Cl—confidence interval; NRSG—non-responder subgroup; COMS —concurrent optical and magnetic stimulation

Table 4. Mean difference with 95% CI of change in wound area from SOC treatment (baseline) by analysis
period. Acceleration of the healing rate between the baseline and the first four weeks of COMS treatment

(p=0.041)
Period versus Period Mean change, cm? SE
Baseline w0—w4 1.31 0.60
(w4 —w0)
w4 —w8 1.69 1.06
w8—w12 0.93 0.81

95%CI for difference

p-value Lower bound Upper bound
0.041 0.06 2.55
0.127 -0.53 3.90
0.268 -0.77 2.63

Cl—confidence interval; SOC —standard of care; COMS —concurrent optical and magnetic stimulation; w—week; SE—standard error

Table 5. VAS score (weeks -4, 0 and 12) and paired samples t-test for difference in VAS score (weeks -4-12
and weeks 0-12) for the NRSG and RSG. The lowered pain scores by VAS after the course of the treatment
suggested that COMS treatment contributed to reducing pain

Mean VAS Mean VAS
week -4 week 0
NRSG 3.38 3.00
RSG 3.78 2.00

Paired samples t-test for difference

Mean VAS VAS week -4- VAS week 0-
week 12 VAS week 12 VAS week 12
114 t=3.54 (p=0.002) t=4.09 (p=0.001)
0.44 t=3.16 (p=0.013) t=2.26 (p=0.054)

VAS —visual analogue scale; NRSG—non-responder subgroup; RSG—responder subgroup; COMS —concurrent optical and magnetic stimulation

Table 6. Wound-QoL score (weeks -4 and 12) and paired samples t-test for difference in Wound-QoL (weeks
—-4-12) for the NRSG and RSG. Both groups demonstrated improved Wound-QoL at the end of the investigation

Mean QoL Mean QoL
week -4 week 12
NRSG 2.45 1.97
RSG 2.25 1.41

QoL —quality of life; NRSG—non-responder subgroup; RSG—responder subgroup

Pain is one of most limiting factors for patients with
hard-to-heal leg ulcers with respect to their QoL in
everyday life.*® Therefore, capturing and analysing
patient-reported outcomes (PRO) has become an
indispensable quality marker of wound healthcare, and
for the selection and evaluation of treatment plans.*®
Improvements in patient-relevant benefits, such as
reduction in pain and improvements in health-related
QoL, are considered major criteria of therapeutic success
since complete wound closure cannot always be achieved,
especially in patients with hard-to-heal wounds.*’

Paired samples t-test for difference QoL week -4-QolL
week 12

t=2.25 (p=0.036)

1=3.47 (p=0.008)

Over the course of the study period, sensation of pain
decreased consistently and the Wound-QoL assessment
showed improvement in all three analysed dimensions
(body, psyche and everyday life), further validating the
effectiveness of the investigational treatment. For the
NRSG in particular, the VAS pain scores were significantly
lower after the treatment course than at baseline (NRSG:
p=0.001; RSG: p=0.054). This suggests that the COMS
treatment did not cause additional pain or
disproportionate discomfort, but instead may have
contributed to minimising existing pain due to the
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onset of the healing process. These results are in line
with previous findings on the analgesic properties of MS
or OS in other indications, suggesting that COMS
treatment actively supports pain modulation through
immunomodulatory effects, and electrophysiological
inhibition of proinflammatory and noxious stimuli.*8-51

If confirmed, this effect could contribute to reducing
analgesic medication and its side-effects, thus allowing
patients to participate more effectively in work and
daily life. While the data did not show a significant
acceleration in wound healing in the SEP when directly
comparing the baseline and treatment phases, it must
be noted that this overall analysis was based on a
relatively heterogeneous population and some patients
had already shown substantial healing during the SOC
baseline phase. This was expected as patients responding
to SOC often experience an initial fast decrease of the
mean wound area during the initial SOC treatment
followed by a stagnation (Fig 6).

In order to take account of this aspect, the present
study was designed to stratify the SEP according to the
predetermined criteria of EWMA?3® and the FDA3°
regarding responsiveness to SOC (NRSG/RSG subgroups)
and future healing prospects. However, other potential
beneficial effects of the COMS therapy in patients
already demonstrating substantial healing may not
have been detected with the current study design and
through the measurements in changes of wound area
over time. Therefore, additional endpoints, such as
quality in scar tissue formation, wound reoccurrence
and time to wound closure, should be included in
future, similar clinical investigations.

The statistical analysis showed that the stratification
successfully selected patients who did not respond to
SOC (NRSG) and whose wounds could be categorised as
therapy-refractory or hard-to-heal. These patients
benefited in a statistically significant manner from the
COMS treatment. The mean wound healing rate
increased by a factor of 2.43-2.85 after the initiation of
the investigational treatment in this group. The wound
healing rates during the follow-up phase demonstrated
that the beneficial effect continued to persist once the
COMS treatment was stopped. This suggests a carry-
over effect of the COMS treatment once the cycle of
stagnant wound healing was broken. This persistent
beneficial treatment effect fits well into a phase-adapted
individual wound-healing concept.

The proportion of ulcers reaching a (near-)complete
wound closure after 12 weeks’ follow-up, in the COMS/
SOC treatment phase, were 60% and 43%, respectively,
in the SEP. Clinical trials of other advanced wound care
products, such as cold atmospheric plasma,
extracorporeal shockwave therapy or oxygen wound
therapy, report comparable rates of wound closure for
their treatment group.®'! The COMS treatment
compared well with the above-mentioned counterparts
and seemed to be at least as effective as these alternative
treatment methods, and therefore capable of being a
valuable addition to improving wound healing,

JOURNAL OF WOUND CARE WUWHS SUPPLEMENT VOL 31,

practice

Fig 6. Subgroup analysis mean wound area (cm?). Mean wound area by
visit with 95% confidence interval (Cl) for the standard of care (SOC)
non-responder group (NRSG, n=21) and responder group (RSG, n=9). The
wound healing rate of the NRSG population increased by a factor of 2.5-3
and persisted even after the concurrent optical and magnetic stimulation
(COMS) treatment was stopped, suggesting a beneficial carry-over effect
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especially for patients who do not show significant
improvement with SOC. The device’s simple,
user-friendly design allows for use in both ambulatory
and homecare settings, and should give it an advantage
over other treatment modalities. The implementation
in the homecare setting is especially appealing because
these hard-to-heal wounds not only pose a particular
challenge for patients and therapists, but also have
severe economic implications to healthcare systems,

Fig 7. Kaplan—Meier curve for complete and near-complete wound

closure over 12 weeks after therapy initiation in the secondary endpoint

population (SEP, n=30). SOC —standard of care; COMS —concurrent

optical and magnetic stimulation
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patients and society as a whole.**

The differences between healing and hard-to-heal
wounds have long been the subject of research. While not
all involved processes are fully understood, it is now
known that there are many differences in, for example,
matrix metalloproteinases, growth factors, pH or
macrophage activity between healing and hard-to-heal
wounds.>?-%% Although no direct measurements were
made on the wounds included in this study, it may be
that the wounds that did not respond to SOC have a
special microenvironment that is particularly receptive to
COMS therapy. Considering the electrophysiological
environment of these wounds, an essential electrical cue
for efficient tissue regeneration seems to be missing.>> The
‘skin battery’ effect, induced through the electric field of
transepidermal potential, is diminished and, thus, the
skin presents lower electric field gradients when compared
with acute wounds.>® It is assumed that cellular sensing
mechanisms of electric fields are mediated through the
two poles of a cell, parallel to the electric field lines.5”,58
Therefore, reinduction of these electric currents at
compromised wound edges can be a valuable cue to
promote mobilisation of fibroblasts and keratinocytes,
leading to augmented re-epithelialisation and, therefore,
to support wound healing.!+5%%° However, for a more
detailed analysis, further studies are necessary to better
understand wound healing at the molecular level.

In this study, COMS treatment seemed to be equally
effective for the different investigated wound aetiologies.
Future investigations should focus on other types of
hard-to-heal wounds, such as diabetic foot and pressure
ulcers, in order to confirm that the beneficial effects can
be transferred to other hard-to-heal wound indications.

Limitations

We are fully aware that the considered sample size and
the absence of a control group can be seen as limitations
of this study. A larger, blinded and randomised
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Reflective questions

® What additions to standard of care treatment regimens are required to enable

efficient treatment of hard-to-heal wounds?

® What technologies are needed to allow the transfer of patient care from

inpatient to post-acute settings, such as home care?

® What makes an advanced wound care treatment predestined for use not only

by health professionals, but also by trained patients or carers?
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