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Effect of amelogenin extracellular
matrix protein and compression
on hard-to-heal venous leg ulcers

e Objective: To compare hard-to-heal venous leg ulcers treated with compression therapy alone versus
compression therapy with amelogenin protein. Parameters used were: percentage reduction in wound
size, number of improved ulcers, pain related to the disease and at dressing changes, amount and nature
of exudate, and the safety and tolerability of the two treatments.

e Method: This was an open randomised comparative parallel group multicentre investigation with a
three-week run-in period. Inclusion criteria included adult, mobile patients with hard-to-heal venous leg
ulcers that had been treated with compression therapy for at least one month prior to screening. The
ulcers had to be at least six months old, with a surface area at inclusion of 10-30cm? and not
demonstrating excessive exudate or signs of infection.At the end of the run-in period, additional
criteria for eligibility, such as change in wound area of + =50% and a wound area between 8cm? and
36cm? were applied. Patients were randomised to treatment with amelogenin plus high compression
bandaging or high compression bandaging alone.All participants received high compression bandaging
therapy one month prior to and during the three-week run-in period, as well as throughout the 12
weeks of active treatment.

¢ Results: Eighty-three patients were randomised and received treatment: 42 with high compression
plus amelogenin (amelogenin group) and 41 to high compression therapy alone (control group).The
amelogenin group had a greater percentage reduction in ulcer size (mean -33.11%) compared with the
control group (mean -11.07%) from baseline to the last visit (p=0.06). The number of improved ulcers
was significantly greater (p=0.01) in the amelogenin group than in the control group. Compensating for
baseline characteristics by multiple regression resulted in a statistically significant (p=0.03) larger
reduction in change in ulcer size in the amelogenin group. Statistically significant differences in favour of
the amelogenin group were also found for reduction in ulcer-related pain (p=0.01), reduction in pain at
dressing changes (p=0.02) and the proportion of patients with ‘none’ or ‘low’ levels of exudate (p=0.01).
e Conclusion: The combination of amelogenin with high compression promotes the healing process in

hard-to-heal ulcers.Application of amelogenin as an adjunct to compression results in a significant
reduction in ulcer size,improvement in the state of ulcers, reduced pain and a larger proportion of
ulcers with low levels of exudate.The results of this study are statistically and clinically significant.

e Declaration of interest: This study was funded by MolInlycke Health Care, Gothenburg, Sweden.
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pproximately 1-2% of the whole popu-

lation,’ and 3-5% of the population

aged over 65 years will have a leg ulcer

during their lifetime,> with the preva-

lence increasing to 20:1000 of the pop-
ulation at the age of 80.® This number is likely to
increase as the ageing population rises.

Clinical trials have shown modest improvements
in healing times with modern dressings, and great-
est efficacy has been reported with high compres-
sion bandaging — healing rates in the region of 50%
at 12 weeks.* However, over 20% remain unhealed
after one year.’

Extracellular matrix (ECM) proteins define the
extracellular environment of living cells. Inappro-
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priate matrix remodelling in chronic wounds results
from the imbalance of proteinases and their endo-
genous inhibitors; this may compromise the func-
tion of the ECM, especially with respect to the
sequence of filling the dermal defect.®”

Therapy using amelogenin, an ECM-biocompati-
ble protein that provides a temporary matrix for cell
attachment and promotes wound healing, has been
shown to be successful in the treatment of peri-
odontal wounds.®® Vowden et al.’s study on patients
with venous leg ulcers indicated the potential for
amelogenin proteins to assist the healing of ‘hard-
to-heal’ chronic wounds.!?

Subsequent case studies have been conducted
on a cohort of patients with venous leg ulcers in rou-
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tine clinical practice, and the clinical outcomes mir-
rored those recorded in controlled clinical trials.! In
a study involving 36 patients with hard-to-heal
venous leg ulcers, three different amelogenin treat-
ment regimens (three, six and 12 weeks) were com-
pared. The highest reduction in wound size was
achieved in patients treated for 12 weeks (72%) when
compared with six (46%) and three weeks (22%).12

This clinical study evaluated the effect of Xelma
(Mdlnlycke Health Care), a sterile ECM protein for
topical application, consisting of amelogenin pro-
teins dissolved in a propylene glycol alginate vehi-
cle and water, on hard-to-heal venous leg ulcers. Its
efficacy and safety in conjunction with compression
therapy, versus compression therapy alone, was
evaluated. Parameters measured included:

e Percentage reduction in wound size from baseline
e Percentage of improved ulcers

e Pain related to the disease

e Pain at dressing changes

e Amount and nature of exudate.

Safety and tolerability were also determined in
relation to recorded adverse events.

Ethics committee approval was obtained in all
participating centres. The study was conducted
according to the European Standard EN ISO: 14155
Clinical Investigations with Medical Devices.

Method

This was an open randomised comparative parallel
group multicentre investigation with a three-week
run-in period. The run-in period ensured that a true
population of non-healing ulcers had been enrolled
as after this only patients with an ulcer size of
8-36cm? and who did not have a change in wound
area of £ >50% were continued in the study.

Table I. Number of patients screened (n=101) and enrolled

into the study

Amelogenin Control
Randomised 42 41
Intention to treat 42 (100%) 41 (100%)
Per protocol 30 (71%) 25 (61%)
Discontinued* 9 (21%) 15 (37%)
Wound enlargement not reported I (2%) 0 (0%)
as adverse event
Two-week interval in the I (2%) 0 (0%)
treatment period
Discontinuation, incomplete datat I (2%) 1 (2%)

* Healing not counted as discontinuation
T Information still at site at the time of writing
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One ulcer per patient was included. If there was
more than one ulcer, the largest was chosen provid-
ed it was in the size range of 8-36cm?.

The five variables for efficacy were: wound status;
ankle circumference; area tracing of ulcer (cm?); via-
ble tissue (granulation) and non-viable tissue
(necrotic, fibrin and/or slough or black and/or yel-
low necrotic tissue), each measured as a percentage
of the actual ulcer area; exudate levels and nature of
exudate; wound odour.

Suitable patients were screened for inclusion and
exclusion criteria at the screening visit at -3 weeks
and were included in the run-in period after ulcer
tracing and photography had been performed.

Inclusion criteria

e Venous leg ulcer treated with compression for one
month

e Ankle brachial pressure index (ABPI) >0.8 or TcPO,
>40mmHg

e Ulcer duration of over six months

e Ulcer size 10-30cm?

e Both genders and age over 18 years

e Signed consent form.

Exclusion criteria

e Highly exuding ulcers

e Clinical signs of wound infection

e Other causes of ulceration

e Non-controlled diabetes

e Treatment with systemic steroids — except occa-

sional doses or doses less than 10mg prednisolone a

day or equivalent

e Atrophic skin due to long-term use of steroids

e Significant underlying disease

e Known allergy/hypersensitivity to any of the com-

ponents of the products included in the study

e Totally confined to bed or wheelchair

e Physical and/or mental conditions meaning the

patient would not be expected to comply with the

investigation

e Participation in other clinical investigation(s)

involving drugs or wound dressings with active sub-

stances (such as silver) within one month prior to

the run-in period

e Previously randomised to this investigation.
Additional exclusion criteria after the run-in peri-

od were:

e Wound reduction or enlargement of =50% in the

three-week run-in period

e Ulcer area <8cm? or >36cm?.

Treatment allocation and outcome measures
Patients who continued in the study after the run-in
period were randomised to receive high compres-
sion therapy alone or high compression therapy
with amelogenin added.

Patients randomised to the amelogenin group
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received one application per week. A secondary
dressing combination of Mepitel and Mesorb or
Mepilex (all Mdlnlycke Health Care) was used to
manage exudate and protect the wound. Medica-
tions considered necessary for the patient’s well-
being were given at the discretion of the investiga-
tor and recorded in the case-report form.

Clinical photographs were taken to provide a vis-
ual record of wound progress. Patients were free to
discontinue at any time, and without prejudice to
further treatment; those who discontinued were
asked the reason(s) for this and about the occur-
rence of any adverse event or adverse device effect,
and were assessed by an investigator/nurse.

The primary efficacy variable was the percentage
change in ulcer size from baseline to the last visit in
the investigation and an associated improvement in
ulcers. The last visit was either the final visit at 12
weeks or the visit at which the patient healed or was
discontinued prematurely. The last observation car-
ried forward technique was used to achieve consist-
ency of the data.

Statistical evaluation

The sample size needed was calculated with refer-
ence to the primary endpoint (comparing the reduc-
tion in wound size as measured by the mean per-
centage decrease from baseline to the last visit).
Assuming a 32% difference in favour for patients
treated with amelogenin, a power of 80%, a signifi-
cance level of 95% (two-sided) and a standard devia-
tion of 50%, it was calculated that 42 patients were
needed in each treatment group.

The primary endpoint was analysed using the
non-parametric Wilcoxon Mann-Whitney U test, as
was the analysis of pain related to the disease and
experienced at dressing change. The rate of healed
and improved patients and comparisons of exudate
levels were analysed using Fisher’s exact test between
the groups at the final time point.

To adjust the main efficacy analyses for measured
covariates at baseline, multiple logistic regression
was calculated. The primary efficacy variable was
considered the main variable in the model; the
group variable was the dependent variable; wound
size, wound duration, viable tissue, ankle circumfer-
ence, exudate level, body mass index (BMI) and
maceration were included as independent covari-
ates. In this way the two treatment groups were
adjusted for these baseline variables. The result of
the adjusted analysis is the expected result if all
covariates were adjusted to have the same mean in
the two treatment groups at baseline. For the safety
population, the number of subjects with an adverse
effect, adverse device effect, serious adverse event or
serious adverse device event were analysed using a
log-rank test, and pain was analysed using the
Wilcoxon Mann-Whitney U test.
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Table 2. Baseline demographic and clinical characteristics

Amelogenin (n=42)

Control (n=41)

Age 68.5 (13.7) 72.7 (12.9)

71.0 (25.6-91.2) 75.5 (33.5-93.4)
Male 17 (41%) 15 (37%)
Caucasian 41 (98%) 41 (100%)
Height (cm) 169.1 (10.2) 168.2 (10.2)

168.0 (148.0-204.0) 168.0 (147.0-195.0)
Weight (kg) 89.6 (26.4) 80.5 (20.1)

80.0 (50.0-170.0) 76.0 (50.0-137.0)
BMI (kg/m?) 31.3 (9.0) 28.4 (6.3)

28.3 (19.9-57.5)

27.4 (17.9-43.0)

Systolic blood
pressure (mmHg)

138.7 (18.2)
140.0 (100.0-190.0)

136.0 (16.9)
135.0 (104.0-197.0)

Diastolic blood pressure ~ 82.3 (12.8) 78.6 (10.8)
(mmHg) 80.0 (59.0-140.0) 80.0 (50.0-100.0)
Pulse (BPM) 75.1 (12.5) 73.6 (6.7)

Medical history

76.0 (51.0-108.0)

72.0 (64.0-86.0)

Underlying diseases 28 (67%) 30 (73%)
Surgical interventions 12 (29%) 17 (42%)
Diabetes 4 (10%) 4 (10%)

ABPI 41 (100%) 39 (95%)

BMI = body mass index; BPM = beats per minute; ABPI = ankle brachial pressure index
Data are presented as mean (SD) and median (minimum-maximum)

Table 3.Wound history at baseline

Amelogenin (n=42)

Control (n=41)

Ulcer duration Ulcer size Ulcer duration Ulcer size
(months) (cm?) (months) (ecm?)

55.3 (62.7) 17.0 (9.1) 32.4 (27.8) 18.0 (9.0)

30.0 (6.0-240.0) 14.3 (8.7-59.4) 24.0 (6.0-120.0) 17.4 (5.5-46.1)

Data are presented as mean (SD) and median (minimum—maximum)

Results
Eighty-three of the 101 screened patients were
randomised and entered the treatment phase (Table
1). The intention-to-treat population included all
patients who received at least one treatment.
Forty-two patients were treated with amelogenin
plus compression therapy, and 41 with compression
alone. The per-protocol populationswereamelogenin
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Table 4. Number of subjects with adverse events and/or adverse device events per treatment

Amelogenin (n=42)

Control (n=41)

Not serious

Serious

Not serious Serious

Sytem organ class/ AE ADE SAE

preferred term

SADE AE ADE SAE SADE

Cardiac disorders:
® cardiomyopathy

® cardiovascular disorder I (2%)

I (2%)

I 2%) I (2%)

General disorders and
administration-site conditions:

® ulcer I (2%)

Infections and infestations:
® bronchitis

@ cellulitis

® erysipelas

® eye infection

® infection

@ influenza

® paronychia

® skin infection

® wound infection

| (2%)

2 (5%)
I 2%)

3(7%) 2 (5%)

I 2%)
I (2%)
I (2%)

1 Q%) | (2%)

| 2%)
| 2%)

I (2%)
3 (7%)

| (2%)

I (2%) | (2%)

Injury, poisoning and
procedural complications:
® procedural complication
® wound

® wound complication

I 2%)

2(5%) 3 (7%)

I (2%)
2 (5%)
5 (12%)

| 2%)
| 2%)

Musculoskeletal and
connective tissue disorders:
® arthralgia

® joint swelling

® muscle spasms

| (2%)
| (2%)

| 2%)

Nervous system disorders:

® headache I (2%)

I (2%)

Skin and subcutaneous
tissue disorders:

® eczema

® erythema

® pruritus

® venous ulcer pain

| 2%)

2 (5%)
I (2%)
| 2%)

Q%) 1 (2%)

Vascular disorders:

® thrombophlebitis I (2%)

Each subject is counted only once per system organ class/preferred term

AE = adverse event; ADE = adverse device event; SAE = serious adverse event; SADE = serious adverse device event

group n=30; control group n=25. Descriptive statis-
tics for patient demographics, clinical characteristics
and medical history are presented in Table 2. Wound
duration and sizes at baseline and their descriptive
statistics are presented in Table 3.

Nine patients in the amelogenin group and 15 in
the control group discontinued the investigation for
various reasons excluding healing during the treat-
ment period. Most did so because of adverse effects

(seven patients in both groups). In the control group
three patients withdrew consent and four were lost
to follow-up. No patients in the amelogenin group
withdrew consent; discontinuation was due to low
concordance (Table 4).

Statistical analysis
The primary efficacy analysis was the difference in

the percentage change in ulcer size from baseline to
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Fig |. Statistical comparison (control
versus amelogenin) of the final reduction
in ulcer size
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the last visit between the two treatment groups (Fig
1). The results (intention-to-treat data) show that
the mean percentage change for the amelogenin
group was -33.11% (SD 49.69%) and for the control
group -11.07% (SD 46.55%) (p=0.06).

The data relating to the reduction in ulcer size
showed more wounds with reductions of 50-100%
in the amelogenin group and, conversely, more
wounds with increases of 50-100% in the control
group. The overall healing rate was greater in the
amelogenin group. The percentage of improved
ulcers at the final visit was statistically significantly
higher — 47.5% in the amelogenin group compared
with 19.5% in the control group (p=0.01).

Compensating for baseline characteristics by
using a multiple regression test revealed a statisti-
cally significant (p=0.03) reduction in percentage
change in ulcer size in the amelogenin group. The
mean and 95% confidence interval (CI) for the dif-
ference between the amelogenin and the control
group was -22.04% (-43.08 to -1.01%) (p=0.03)
(intention-to-treat data).

Similar results were seen for the per-protocol data:
amelogenin group reduction in ulcer area -50.33%
(SD 41.86%) and control -21.16% (SD 50.54%)
(p=0.03).

Pain was estimated using an ordinal scale with 11
step, from O = none to 10 = unbearable pain.'* The
results showed that reductions in disease-related
pain and pain at dressing changes were more appar-
ent in the amelogenin group. Statistical analysis
showed that the amelogenin group had significantly
greater ulcer pain reduction (p=0.01); the mean and
95% CI for the difference in pain reduction between
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Fig 2. Percentage of patients with low levels of exudate or none
in the amelogenin and control groups per week
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the amelogenin and control groups at the final visit
was -1.59 (-2.84 to -0.34).

The level of exudate was estimated as ‘none’,
‘low’, ‘moderate’ or ‘high’. In the amelogenin group,
‘none’ and ‘low’ exudate levels were recorded for 28
patients (66%), compared with 15 patients in the
control group (37%) (Fig 2). There were more
patients in the amelogenin group with ‘none’ or
‘low” exudate levels for much of the treatment peri-
od. Comparison of ‘moderate’ or ‘high’ exudate lev-
els between the two treatment groups over the
course of the 12-week study shows that a significant
(p=0.01) reduction in the higher levels of wound
exudate occurred in the amelogenin group, but not
in the control group.

Discussion

The personal suffering and financial costs involved
in the treatment of venous leg ulcer are high: in the
UK the annual cost is £400-600 million.'

High compression bandaging is recognised as the
‘gold standard’ treatment. Alternative approaches
such as growth factors and artificial skin have pro-
jected greater efficacy than traditional dressings,
with significantly greater costs, but results to date
have been mixed."

This highlights the need for new advanced treat-
ments that can stimulate non-healing chronic
wounds into a healing process. Amelogenin pro-
vides a surrogate ECM protein that aids healing, and
has been demonstrated to promote healing in
patients with hard-to-heal venous leg ulcers.'®

In this study the Wilcoxon Mann-Whitney U test,
when applied to the primary efficacy (intention-to-
treat) data, gave a p value of 0.06 in favour of the
amelogenin group. The results (intention-to-treat
data) show that the mean percentage change in
wound size from baseline to the last visit for the
amelogenin group was -33.11% (SD 49.69%) and for
the control group -11.07% (SD 46.55%) (p=0.06).
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Wound area measurements substantiate these
results, showing more patients with a 50-100%
reduction in wound size in the amelogenin group
(p=0.01).

Further analysis was undertaken using multiple
logistic regression,'® which allowed for the inclusion
of the baseline variables of wound size, wound dura-
tion, viable tissue, ankle circumference, level of exu-
date, BMI and maceration. This gave p values of 0.03
in favour of the amelogenin group for both the
intention-to-treat and per-protocol population data.

These results show the amelogenin group to have
significant benefits, statistically and clinically, over
the control group.

It is noteworthy that the patient population in
this study had difficult-to-heal ulcers, some wounds
with a very long duration (10 years or more) and
mean ages of 55.3 months (SD 62.7) versus 32.4
months (SD 27.8), and mean sizes of 17.0cm? (SD
9.1) versus 18.0cm? (SD 9.0) for the amelogenin and
control groups respectively. This underlines the sig-
nificant clinical benefit of amelogenin therapy in
this patient population.

In any evaluation, wound area measurements or
percentage changes in ulcer size are only superficial
measurements of healing as they fail to take wound
depth into account. The photographs taken while
the current study was in progress provide an impor-
tant record and allow a qualitative evaluation of
healing progress in each of the groups.

A series of photographs of a venous leg ulcer treat-
ed with amelogenin is provided (Figs 3-6). This 83-
year-old, female, Caucasian patient presented with
an ulcer of eight months’ duration on the left leg;
there was no other underlying disease. At the start
of the run-in period the wound area was 17.9cm?,
reducing to 0.02cm? by week 9, when it had effec-
tively healed.

The photographs demonstrate the progression of
healing as the wound fills with granulation tissue
and epithelial cells cover the wound bed. At the
final time point complete healing has occurred and
visually the scar tissue was good with no evidence of
hypertrophy or contracture.

Significant differences in favour of the amelogenin
group were also found for the following secondary
variables:

e Reduction in pain at dressing changes
e The proportion of patients with ‘none’ or ‘low’
levels of exudate.

Pain is a considerable problem for patients with
venous leg ulcers, and a major concern when treat-
ing patients.'? Thus, the fact that amelogenin
therapy, in a way as yet undetermined, significantly
reduced pain in these patients in this study is note-
worthy and perhaps requires further investigation.

The results have also demonstrated more patients
treated with amelogenin had no or low exudate lev-

Fig 3. Ulcer at beginning of the run-in period
(15 November 2005): large clean wound (17.9cm?)

Fig 4. Ulcer at baseline (7 December 2005): still a large
clean wound after the run-in period

2 - ]
ol 30k

Fig 5. Ulcer at four weeks’ treatment (5 January 2006):
significant healing with re-epithelialisation and
granulation tissue formation. No maceration and skin
adjacent to wound appears very healthy

Fig 6. Ulcer at 12 weeks’ treatment (4 February 2006):
qualitatively, an excellently healed wound, with little

scar tissue or contracture

els, which may correlate with better healing and/or
reduced infection.

No other secondary variables, such as viable tis-
sue, ankle and calf circumference and wound odour,
showed any significant difference between the two
treatment groups.
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The total number of adverse events in the two
groups was similar; investigation of vital signs,
weight and BMI did not reveal any safety issues. The
most commonly reported serious adverse event/seri-
ous adverse device event was reported under the
heading ‘cardiac disorders’ and ‘infections and
infestations’, with single reports under each head-
ing in both treatment groups. No consistent pattern
of adverse events evolved in the investigations, sug-
gesting good safety of the two treatments.

Conclusion
These results support other clinical studies'®!? that
have demonstrated that the combination of
amelogenin with high compression bandaging is
significantly beneficial to the healing of hard-to-
heal venous leg ulcers in the following areas:
e Reduction in ulcer size
e Improvement in the state of ulcers
e Reduction of pain between visits and at dressing
change
e Larger proportion of ulcers with low levels of exu-
date.

The investigation indicates that amelogenin (Xel-
ma) is safe and effective in the treatment of hard-to-
heal venous leg ulcers that have failed to heal with

standard therapy.

The ulcers in this study present the worst-case sce-
nario in this indication, in that some patients had
presented with their wounds many years previously
and no treatment was effective in initiating or main-
taining a healing response.

This study also highlights the importance of
applying amelogenin to a clean/non-infected wound
bed, preferably in association with high compres-
sion therapy.

Although the mechanism by which the
amelogenin initiates healing is not yet fully under-
stood, it is thought the protein acts as a surrogate
ECM within a wound that is lacking components
normally required to support cell proliferation,
growth and maturation. Thus, cell adhesion to the
amelogenin matrix may enable the wound-healing
response to be initiated and proceed in a more nor-
mal fashion. Further work is needed to clarify this
mechanism so that the product can be used in an
optimal way.

This study has also shown that Xelma significant-
ly reduced the level of pain associated with venous
ulceration. This is a clinically significant finding
and the mechanism by which this occurs needs to
be elucidated in future studies. m
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