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Abstract: Background: Chronic skin ulcers such as diabetic ulcers and venous leg ulcers are increasing and are a
costly problem in health care. We have developed a novel artificial dermis, collagen/gelatin sponge (CGS), that is
capable of the sustained release of basic fibroblast growth factor (bFGF) for more than 10 days. The objective of this
study was to investigate the safety and efficacy of CGS impregnated with bFGF in the treatment of chronic skin ul-
cers. Methods/Design: Seventeen patients (= 20 years of age) with chronic skin ulcers that have not healed by con-
ventional therapy for at least 4 weeks are being recruited. Patients will be applied with CGS impregnated with bFGF of
7 yg/cm? or 14 yg/cm?2after debridement, and the wound bed improvement will be assessed 14 days after applica-
tion. "Wound bed improvement” is defined as a granulated and epithelialized area on Day 14 in proportion to the
baseline wound area after debridement of 50% or higher. Patients will be followed up until 28 days after application
to observe the adverse events related to the application of CGS. Conclusion: This study has been designed to address
the safety and efficacy of CGS impregnated with bFGF. If successful, this intervention may be an alternative to bioen-
gineered skin substitutes and lead to substantial and important changes in the management of chronic skin ulcers
such as diabetic ulcers and venous ulcers.

Keywords: Artificial dermis, basic fibroblast growth factor, skin ulcers, sustained release

Introduction sons diagnosed with diabetes mellitus [3, 4]
and the annual population-based incidence of
Non-healing or chronic skin ulcers are an in- 1.0% to 5% [1, 3, 4], and the lifetime incidence
creasing and costly problem in health care [1-4]. may be as high as 25% [3, 4]. More than 15% of
Chronic skin ulcers are caused by diabetes mel- all ulcers result in some form of amputation [3,
litus, venous insufficiency, pressure sores, colla- 4]. According to a previous report, venous leg
gen disease, trauma, or radiation. With the de- ulcers recurred in 72% of cases and skin ulcers
velopment of tissue engineering and advances from other causes recurred in 45% of cases [2],
in cell and molecular biology, novel bioengi- and another report described recurrence in 48%
neered skin substitutes and genetically derived of cases one year after skin grafting [8].
growth factors offer promise in the treatment of
chronic skin ulcers [5-7]; however, there are still We developed a bilayered acellular artificial
issues that remain to be solved in the treatment dermis composed of an upper silicone sheet
of those ulcers. Diabetic foot ulcers and venous and a lower collagen sponge [9, 10] by modify-
leg ulcers are frequent and costly complications ing the material described by Yannas and Burke
of their underlying diseases. The prevalence of [11, 12]. Artificial dermis has been used in the
foot ulcers ranges from 4% to 10% among per- treatment of full-thickness skin defects resulting

19



~ Clinical trial for wound therapy with a novel medical matrix and FBGF

from burns, trauma injuries and tumor removal.
After application of the artificial dermis to skin
defects, fibroblasts and capillaries penetrate
and proliferate in the collagen sponge and der-
mis-like tissue is formed after degradation of
the collagen sponge [9-11]. However, it is diffi-
cult to apply ordinary artificial dermis to chronic
skin ulcers, because the artificial dermis has no
resistance to infection and is easily infected
before the infiltration of capillaries into the in-
ner collagen sponge.

Basic fibroblast growth factor (bFGF), which was
identified in 1974, promotes the proliferation of
fibroblasts and capillary formation and acceler-
ates tissue regeneration [13, 14]. In Japan, hu-
man recombinant bFGF (FIBRAST SPRAY; Kaken
Pharmaceutical, Tokyo, Japan) has been used
clinically for chronic skin ulcers since 2001, and
its clinical effectiveness has been demonstrated
[7, 15]. Recently, combination therapy involving
bFGF and artificial dermis has been reported to
accelerate dermis-like tissue formation in the
treatment of traumatic wounds [16]. In addition,
this combination therapy was reported to be
effective for chronic skin ulcers such as diabetic
foot ulcers, ulcers caused by collagen disease,
oral steroids and arteriosclerosis obliterans [17-
19]. This is because bFGF causes the prolifera-
tion of fibroblasts and strongly promotes angio-
genesis in artificial dermis, leading to the early
formation of dermis-like tissue and promoting
wound healing; however, this combination ther-
apy has not become the standard treatment of
chronic ulcers, because once daily topical ad-
ministration of bFGF is required to achieve the
expected effect because the artificial dermis
has no ability to retain bFGF and it rapidly dif-
fuses away from the applied site and is also
inactivated quickly after its administration in
vivo; thus, significant burdens are imposed on
both medical staff and patients for daily applica-
tion. For these reasons, we have developed a
novel artificial dermis, collagen/gelatin sponge
(CGS), containing a 10wt% concentration of
acidic gelatin that is capable of the sustained
release of positively charged growth factors
such as bFGF for more than 10 days in vivo
[20]. In our previous study, CGS was used as a
scaffold for dermal regeneration, the same as
conventional artificial dermis, and degraded
after application to the wound site, being re-
placed by dermis-like tissue [20].

In our previous studies to apply CGSs impreg-
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nated with 7 pg/cm? or 14 ug/cm? of bFGF to
full-thickness skin defects of normal mice and
decubitus created on diabetic mice, the time
required for regeneration of dermis-like tissue in
mice treated with CGSs with bFGF was half to
one third of the time required in mice treated
with conventional artificial dermis alone [21]. In
another study using mucosal defects of dog
palates, CGSs impregnated with 7 ug/cm?2 bFGF
accelerated the regeneration of palatal mucosa
with good neovascularization and showed less
contracture [22]. Alternative therapies for
chronic skin ulcers have been proposed, such
as tissue engineering products, growth factors,
and hyperbaric oxygen therapy [23, 24]. Hyper-
baric oxygen therapy is a systemic therapy;
therefore, it can be combined with CGSs. The
mechanism of action of tissue engineering prod-
ucts is considered mainly as the effects of cyto-
kines and growth factors secreted by living cells
[25]. Our CGS impregnated with bFGF can sus-
tain and release bFGF in a controlled manner;
therefore, the effectiveness of CGS will either
equal or surpass and be competitive in cost to
tissue engineering products. Moreover, both
CGS and bFGF can be stored at room tempera-
ture and used whenever needed. Usually,
growth factors must be applied once or twice a
day because of their rapid inactivation after
administration, and CGS with bFGF will be supe-
rior in this respect.

In view of the above, combination therapy with
this novel collagen-based artificial dermis (CGS)
and bFGF is anticipated to be comparably mini-
mally invasive and effective to tissue engineer-
ing products to promote wound healing even in
patients with chronic skin ulcers. Thus, we pro-
pose to investigate the safety and efficacy of
this combination therapy in the treatment of
chronic skin ulcers.

Materials and methods

Primary objective

The objective of this study is to evaluate the
safety and efficacy of CGS impregnated with
bFGF in the treatment of chronic skin ulcers
that are not expected to heal with conventional
treatments.

Methods and design

Open-label, randomized, multiple dose, con-
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