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

» Objective: To undertake 2 follow-up of patients with hard-to-heal venous leg ulcers (VLUs) who had
participated in a randomised controlled trial in which they had been treated with either compression
therapy in combination with amelogenin extracellular matrix protein or compression therapy alone for
12 weeks or until their ulcers had healed, whichever occurred first.

o Method: Patients were randomised to receive either high compression therapy pius amelogenin
{n=42) or high compression therapy alone (n=41) for a period up to and including 12 weeks. The
method and initial findings are detailed in an earlier paper. Twelve weeks after the final visit, the patients
were followed up and the wounds were re-evaluated.

» Results: The initial results demonstrated clinically and statistically significant benefits for the patients
in the amelogenin group. The results of the follow-up showed that the successful healing response had
been maintained. Significantly more patients continued to show a reduction in ulcer size from baseline in
the amelogenin-treated group versus the control group (p=0.02),and there was a statistically significant
(p=0.01) larger reduction in the amelogenin-treated group.This group also had a significantly (p=0.02}
higher percentage of patients with decreases in wound size.The overall number of patients with healed
wounds was greater (n=9) in the amelogenin-treated group than in the control group (n=3). Pain
continued to be significantly reduced in the amelogenin-treated group compared with the control group

(p=0.001).

 Conclusion: Amelogenin therapy in conjunction with high compression therapy was beneficial in the
treatment of hard-to-heal VLUs when compared with treatment with high compression alone. These
beneficial effects were maintained post-treatment and were identified at follow-up.

s Declaration of interest: This study was funded by Mdliniycke Health Care, Goteborg, Sweden.

amelogenin; extracelluiar matrix; compression therapy; venous leg ulcers

n advanced wound-care treatment con-
sisting of an extraceliular matrix (ECM)
biocompatible protein, amelogenin
(Xelma, Molnlycke Health Care), has
been developed for use in the freat-
ment of hard-to-heal wounds such as venous leg
ulcers (VLUs). When applied to the wound bed of
these recalcitrant ulcers, it is thought that amelo-
genin provides a termnporary matrix for cell attach-
ment and thereby helps promote healing in wounds
that have been shown to have a deficit in extracel-
lular matrix components.! This deficit has been
shown to be a consequernce of inappropriate matrix
remodeiling resulting from the imbalances of pro-
teinases and their endogenous inkibitors. Ultimate-
ly, this deficit in the ECM may compromise its func-
tion with respect to the process of wound healing,
where it plays a kKey role.**

Amelogenin has been shown int a number of clin-
ical studies to be successful ini the treatment of hard-
to-heal ¥VLUs and that it can also help to stimulate
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the healing process in hard-to-heal VLUs that meet
certain prognostic criteria.’” These criteria have
been established in the literature as being an aid to
identifying ulcers that have a low chance of healing,
and include factors such as ulcer size (eg, size greater
than 10cm? and duration longer than six months).®
A recent clinical study has highlighted that amelo-
genin treatment inn conjunction with high compres-
sion can successfully be used to treat patients with
VLUs that fall within this group.b

A subsequent study was set up to compare two
reatment regimens: amelogenin plus high com-
pression therapy versus high compression therapy
alone in a patient population that met the criteria of
hard-to-heal VLUs.” Importantly, the mean duration
of the study ulcer at baseline was 55.3 months
(8D 62.7) in the amelogenin-treated group and 32.4
months {(SD 27.8) in the control group (p=0.56). The
mean ulcer size at baseline was 17.0 cm? (SD 9.1) in
the amelogenin-treated group and 18.0 cm?* (SD 9.0)
in the control group. These data highlight the fact
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that the ulcers included in the study were long-
standing and hard-to-heal.

The first part of this study presented clinically and
statistically significant results in favour of those
patients that had been treated for up to 12 weeks
with amelogenin therapy. Overall, this study showed
that the addition of amelogenin to high compres-
sion bandaging was significantly beneficial to the
healing of hard-to-heal VLUs. In summary, the
results showed significantly larger reductions in
wound size, more patients showing improved uicers,
lower pain between study visits and at dressing
change, and a larger propo:ztion of patients demon-
strating low degrees of exudate in the amelogenin-
treated patients {Table 1). The study aiso showed
few adverse events, with no significant differences
between the amelogenin-treated group and the con-
trol group. The conclusion of the study therefore
was that amelogenin therapy was safe and beneficial
in the treatment of hard-to-heal VLUs that had
failed to heal with standard therapy.

The treatment of these VLUs with amelogenin
was terminated either at 12 weeks or when the ulcers
healed, whichever occurred first, and the patients
whose ulcers had niot healed resumed their standard
therapy (eg, compression with an appropriate pri-
mary/secondary dressing). After a further 12 weeks,
ail patients were followed-up and the following
parameters were evaluated:

o Percentage change in ulcer size from baseline

o Number of improved ulcers

» Change in ulcer size

» Pain related to the disease and at dressing change.

In addition, the ulcers were photographed to pro-
vide a permanent record of healing progression.

The data relating to this follow-up, in conjunc-
tion with the results from the first part of this study
(that is, the active treatrnent phase) are presented in
this paper.

Method

A detailed description of the methodology for this
study has been published previously.” In summary, it
was designed as an open randomised comparative
parallel-group multi-centre investigation with a
three-week run-in period to ensure that a population
of true non-healing ulcers was included in the trial.
Patient eligibility for inclusion included adult, mobiie
patients with hard-to-heal VLUs that had been treat-
ed with compression therapy for at least one month
before screening. The ulcers had to be at least six
months old, with a surface area at inclusion of at
least 10cm?, but not exceeding 30cm?, and not dem-
onstrating excessive exudate or signs of infection.
Additional exclusion criteria after the run-in period
were wound reduction or enlargement of =50% in
the three-week run-in period and ulcer area <8¢ or
>36¢cm?. Patients were randomised to treatment with

amelogenin pius high compression bandaging (one
treatment of amelogenin per week), or high compres-
sion bandaging alone {control groupj. All partici-
pants received a secondary dressing combination of
Mepitel and Mesorb or Mepilex {all MGIntycke Health
Care), with high compression bandaging therapy one
month before, during the investigational period of
three weeks run-in and throughout the active treat-
ment period (12 weeks, or until the ulcers healed,
whichever occurred soonet).

At the end of the active treatment phase, amelo-
genin therapy ceased and, if their ulcers had not
healed, patients resurmned treatment with standard
therapy (compression with appropziate primary/sec-
ondary dressings). After a further 12 weeks, the
patients were followed-up and wound size and the
number of uicers that had healed were documented.

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

investigated product

Xelma is a sterile extracellular matrix protein for
topical application, consisting of amelogenin pro-
teins dissolved in a propylene glycol alginate and
water.

Statistical evaluation

Percentage change in ulcer size from baseline to the
follow-up visit, and pain were analysed using muiti-
ple logistic regression. The numbers of healed and
improved ulcers were analysed using Fisher’s exact
test between the groups at the final time point. Pain
was analysed using the non-parametric Wilcoxon
Mann-Whitney U-test.

Resulls

The results of the first part of the study have been
published previously and are summarised in Table
1. The primary efficacy analysis in this study was
the percentage change in the ulcer size from base-
linie to final visit (or last observation carried forward)
and the results (intention-to-treat data) are present-
ed in Fig 1 for both the final visit and the follow-up
visit data. The results are consistent between the
time points and within the groups. They show sig-
nificant differences in the percentage change in
ulcer size from baseline between the amelogenin-
treated group and the control group (p=0.03 and
p=0.02 for the final visit and follow-up visit data
respectively), with greater reductions in ulcer size in
the amelogenin-treated group (33% at final visit and
48.7% at follow-up visit) compared with the control
group (11.1% at final visit and 21.19% at follow-up
visit). At the follow-up visit, the mean (95% CI) for
the difference between the amelogenin-treated
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Tabie 1. Summary of final visit data

Study design

Open randomised comparative parallel-group mult-centre investigation comparing

amelogenin plus high compression (n=42) with high compression alone (controf}
{n=41} in the treatment of hard-to-heal venous leg ulcers

p value

Measurement objective  Result
Percentage reduction Percentage reduction in ulcer size was significantly greater in the p=0.03
inulcersize . amelogenin-treated group (-33.11) compared with the control group (-11.1)
Ulcer improvement Number of ulcers showing improverment {ag, more than 50% reduction p=0.01
i ulcer size) was significantly greater ini the amelogenin-treated group
compared with the control.group. :
Pain Compared with the control group. the amelogenin-treated group was
asscciated with signifiantly lower levels oft
& ulcer-related pain p=0.01
€ pain at dressing change p=0.02
Exudate Compared with the control group, more patients demonstrated none

roup and the control group was -27.61 (-48.67 to -
6.55). There was a statistically significantly larger
percent reduction in ulcer size in the amelogenin-
treated group (p=0.02).

The proportion of patients with healed and
improved ulcers was anaiysed. At the follow-up vis-
it, the number of patients with healed and improved
ulcers in the amelogenin-treated group was nine
(21%) and 24 (57%), respectively. The correspond-
ing values in the control group were three (7%) and

Fig 1. Percentage reduction in ulcer size at final visit and

follow-up

Final visit
(p=0.03)

Follow-up visit
(p=0.02)

Percentage reduction in ulcer size

20

Control

Amelogenin

Corvery low fevels-of exudate-in the melogenin-treated. group-- = -

p=0.01

14 (34%) respectively.

The data relating to the change in ulcer size at
final visit showed that the amelogenin-treated group
had significantly more wounds with reductions in
area between 50% and 100% than the control group
{p=0.01). This trend was also observed at the foliow-
up visit, which found a significantly (p=0.02) higher
percentage of patients with decreases in wound size
in the amelogenin-treated group. Conversely a sig-
nificantly higher percentage of patients in the con-
trol group showed increases in wound size (Fig 2).
Additionally, at the follow-up visit, the change in
ulcer size from baseline was significantly different in
the amelogenin group (mean -6.9 [SD 7.2]) versus
the control group (mean -3.5 {SD 9.5}) (p=0.03).
Overall, the number of healed patients at the follow-
up visit was greater in the amelogenin-treated group
(n=9) than in the control group (n=3).

Pain was evaluated as related to the disease or to
the ulcer, and measurement was undertaken using an
ordinal scale from ¢ (no pain) to 10 (unbearable
painy.® The results showed that reduction in pain
related to the disease and dressing changes was more
apparent in the amelogenin-treated group than in
the controf group. A sumnmary of the statistical results
relating to the pain analysis is presented in Table 2.
The data on pain related to the disease show that the
amelogenin-treated group, in comparison with the
control group, had significantly greater ulcer pain
reduction from baseline to final visit and at follow-up
(p=0.01 and p=0.001 respectively) {(Fig 3). Similarly,
the data on pain related to the dressing change show
that the amelogenin-treated group, in comparison
with the control group, had significantly greater ulcer
pain reduction from baseline to final visit and at fol-
low-up {(p=0.02 and p=0.001 respectively).

JOURNAL OF WOUND CARE VOL |7, NO 1, JANUARY 2008
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Discussion

Amelogenin is an extracellular matrix protein origi-
nally derived from porcine enamel matrix of devel-
oping teeth.® The chemical characteristics of amelo-
genin, which give it bipolar properties, and its
amino acid sequences enable the protein to self-
assemble into large hydiophobic aggregates that
under physiological conditions resemble a stable
ECM.*

It has been shown that the ECM in chronic wounds
is abnormal. For example, it has been reported that
fibronectin, an ECM component that plays a pivotal
role in acute wound healing, is absent at the base of
chronic ulcers.”! This deficiency may impair cellular
migration and signalling, thus causing interference
with the fundamental mechanisms of wound heal-
ing.? The cause of this dysregulation is thought to be
excessive levels of proteases (present as a result of
prolonged inflammation) degrading both the old
and newly-forming ECM. The formation of a surro-
gate ECM by amelogenin provides the basis for its use
in the treatment of chronic wounds such as VLUs.

There are & variety of wound treatments now
available that appear to target the ECM therapeuti-
caily: a recently undertaken review of these prod-
ucts hias shown that they have been associated with
varying degrees of success.* A review of the literature
does, however, provide a sound basis for the use of
amelogenin as a treatment of chronic wounds that
have failed to heal. Experimental data have high-
lighted a number of mechanisms to which the suc-
cess of the protein can be attributed. For example,
the fibroblast, the primary celi involved in wound
healing, synthesises ECM as a precursor tc healing.
In some studies, fibroblasts and other cells treated
with amelogenin have demonstrated an augmenta-
tion of fibroblast-driven collagen matrix remodel-

5

researc
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Fig 2.Wound area changes in amelogenin and control groups at

final visit ({2 weeks) and foliow-up {24 weeks}

Increase in wound size

Decrease in wound size

100

Percentage of patients

24 weeks

Control

12 weeks

ling, increased dermal coniraction and fibroblast
proliferation.!! In terms of growth factors, it has
been demonstrated that amelogenin can increase
the synthesis of transforming growth factor-beta 1
(TGF-81)"! and can increase levels of vascular
endothetfial growth factor (VEGF)."? Inn a variety of in
vitro models, amelogenin has been shown to
enhance angiogenesis, a key component of the noz-
mal wound healing process.!**?

" Table 1. Summary of reduction in pain scores

Reduction from baseline Mean difference - p value
Mean (SD) {95% ChH
Amelogenin {n=42) Control {(n=41}
Related to disease
Final visic 1.6 (3.1) C.1 3.0 -1.59 0.01
{-2.54 w0 -0.34)
TUFSlloweup T T T T T 200 (2.8) 0.2 (3.9 LT 0001
{-3.05 tc-0.69)
Mean pain at dressing change
Final visit 1.6 2.1 0.7 (2.9} -1.35 0.02
(-254 w016
Follow-up visit 1.7 2.4) 0.3 (3.0 -1.83 0.001
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Fig 3. Mean (95% Cl) disease-reiated pain scores per treatment
and week (LOCF) based on ordinal scale from 0 {(no pain) to {0

{unbearabie pain}

P

& Control %> Amelogenin

Pain in ulcer

G L 1 1 1 1 1 1 | ] 4|_//// 1 |
Baseline | 2 3 4 5 & 7 8 9 10 12 24
Week in study Fi‘na! Foliow-
visit up
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These experimental data are supported by the
positive results seen in clinical studies on patients
with hard-to-heal VLUs,® diabetic foot ulcers?
and pyoderma gangrenosum.'® Subsequent to those
studies, this clinical study was aimed at targeting a
specific patient population with hard-to-heal VLUs.
The primary objective was to measure the differ-
ence in percentage change in ulcer size from base-
line to the final visit and subsequently at follow-up.
The results show unequivocally that the ulcers
treated with amelogenin and high compression had
significantly greater reductions in size than the
comparator control group of high compression
alone, both at final visit and follow-up. The signifi-
cance values at follow-up were also greater than
those calculated for the final visit, indicating a wid-
ening gap between the two groups. These data sug-
gest that amelogenin aided in the initiation of a
healing response in the ulcers but, more important-
1y, this response appeared to have been maintained
after treatment, with a continuing reduction in
ulcer size. There was aiso a tendency towards maore
improved ulcers in the amelogenin-treated group
that was significantly different from the control at
final visit.

The beneficial effects of amelogenin are apparent
from the data presented in Fig 2. For the control
treatment at both 12 and 24 weeks, the proportion
of wounds increasing in size was close to the pro-
portion decreasing, in each case approximately 40%
deteriorated over the treatment period. For amelo-
genin the relative proportion were approximately
20% increasing and 80% decreasing in size. This
response, considering the ‘hard to heal’ nature of

the ulcers involved, was statistically significant
(p=0.02). The number of detericrating wounds in
the control group fell between final visit and follow-
up. Even after cessation of treatment, ulcers in the
amelogenin-treated group showed less deterioration
than the control group, and a continuation of the
healing process.

This study shows that the ulcers of nine (21%)
patients in the amelogenin-treated group were fully
healed during the follow-up period of the trial,
which compares with only 3 (7%) in the comparator
comtrol group.

Perhaps as a consequence of healing being initi-
ated int the ulcers, pain associated with the uicer and
with dressing changes were also significantly lower
{p=0.001 for both parameters) in the amelogenin-
treated group than the control group. Pain is prob-
ably the major contributing factor that affects
patients’ well-being and quality of ife. Virtually all
patients with a VLU suffer with some pain associat-
ed with the condition and it has been highlighted
by ciinical authozities as an area that requires imme-
diate attention.

Qualitatively, healing of the amelogenin-treated
ulcers was very good. This is highlighted in the
sequence of photographs of two patients (Fig 4).
These photographs show excellent healing rates
expressed during amelogenin therapy (weeks 6 and
12) that were maintained after treatment had been
terminated and up to the follow-up (week 24).
Patient 206 demonstrated ulcer size reduction,
whereas patient 204 was virtually healed at week 12.
The follow-up pictures support the excellent guality
of the healed tissue, with no contraction or hyper-
trophic scarring, and healthy peri-wound skin.

From a clinical perspective, this and previously
undertaken studies have been invaluable in identify-
ing in what state the ulcer is required to be before
amelogenin is applied. For examnple, because amelo-
genin protein is applied topically to the surface of
the wound bed, it must be predominantly clean and
free from eschar and slough. This is because it is
thought that any dead tissue might physically pre-
vent the protein from integrating into the wound
bed target tissue. Thus, in ulcers presenting with
large areas of dead tissue, it is recommended that
debridement is undertaken to produce a clean wound
bed before starting amelogenin therapy.

In this study, one of the exclusion criteria was
the presence of infection in any of the ulcers; if
present it had to be treated (using systemic or topi-
cal antibacterial agents) before inclusion in the
study. However, high levels of pathogenic bacteria
such as Pseudomonas species may be present and
colonise VLUs which may develop into wound
infection.'? It is suggested that if a wound infection
does develop during amelogenin treatment, then
topical or systemic antibacterial therapy should be

JOURNAL OF WOUND CARE VOL i7. NO i, JANUARY 2008
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Fig 4. Photographs of uicers before and after treatment with amelogenin {a~d); male patient, three-yearold
ulcer; at baseline 9.5cm’; at 12 weeks 0.1cm?; at 24 weeks healed (e~h); male patient, seven-maonth-old ulcer; at
baseline 32am?; at 12 weeks §.7am?; at 24 weeks 4.3¢cm?

undertaken according to standard practice, but
there is no requirement to delay treatment with
amelogenin.

VLUs can produce large amounts of exudate. This
may be as a result of infection (eg, commonly seen
with Pseudomonas infections), ineffective or absent
compression, or it may be merely as a result of the
healing process. For example, it is thought that the
stimulation of healing by amelogenin may result in
a corresponding increase in the angiogenic
response, 4 increasing the local wound bed blood
supply which would account for the raised levels of
exudate. Again, this symptom was part of the exclu-
sion criteria, thus any patient that exhibited high
levels of exudate had to be managed and controlled,
preferably by the use of compression, before amelo-
genin was applied to the wound. A transient increase
in exudate levels was observed in the amelogenin-
treated group, but only in the early stages of treat-
ment. Overall, ulcers treated with amelogenin were
associated with statistically significant decreases in
exudate levels

Ultimately, the aim of the treatment is to heal
the uicers. As has been indicated, the patients eval-
uated in this study were from a population
described as ‘non-healing’. In many patients the
ulcers had been present for years with no positive
responises to the standard treatment regimes,
including high compression, which is recognised
as the ‘goid standard’ in the treatment of VLUs.
These patients are a heavy burden on the health
service and a treatment that will actually heal such
wounds will not only provide significant benefits
to patients and their carers, but ultimately allow
much-needed resource to be allocated elsewhere
within the health service.

Amelogenin therapy may be more costly initially
when it is compared with the more traditional
dressings that are available to treat these ulcers. In
order, therefore, to be cost-effective, amelogenin

JOURNAL OF WOUND CARE VOL 17, NO 1, JANUARY 2008

therapy must be targeted at the population of VLUs
that will not respond to standard treatment, esti-
mated to be about 20%.% It is this sub-group of
VLUs that is most burdensome on the health serv-
ice, requiring greater treatment resources. [t is
important to identify such patients as early as pos-
sible. This will prevent them being treated inappro-
priately with dressings and therapies that will not
serve to heal or alleviate the condition. Prognostic
indicators such as the ulcer size being greater than
10cm? and of duration greater than six months
have been referenced in the literature.® This study
has showrn that these prognostic indicators are val-
id and can be used to improve treatment by using
different treatment modalities. An additional indi-
cator that ulcers may not heal is if they have not
shown a significant improvement {eg, wound
reduction greater than 40%) over a period of three
1o four weeks.?!

Conclusion

The results of this clinical study have demonstrated
that amelogenin therapy in conjunction with high
compression was statistically and clinically better
in the treatment of patients with hard-to-heal VLUs
than high compression alone. The criteria for iden-
tifying suitable patients and the requirements of
the wound before treatment have been elucidated
and can be used as the basis for the use of amelo-
genin therapy. In addition, when the balance of
healing a VLU with a relatively costly advanced
treatment, such as amelogenin, is compared with
maintaining a patient with a VLU over the remain-
ing period of a patient’s life (which may be many
years), and taking into account the contributing
factors of better quality of life with regards to, for
example, pain reduction, then with the successes
seen in this study, the advanced amelogenin treat-
ment should be viewed as a cost-effective treatment
for VLUs. @
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