
 

 

Introduction 
 
Non-healing or chronic skin ulcers are an in-
creasing and costly problem in health care [1-4]. 
Chronic skin ulcers are caused by diabetes mel-
litus, venous insufficiency, pressure sores, colla-
gen disease, trauma, or radiation. With the de-
velopment of tissue engineering and advances 
in cell and molecular biology, novel bioengi-
neered skin substitutes and genetically derived 
growth factors offer promise in the treatment of 
chronic skin ulcers [5-7]; however, there are still 
issues that remain to be solved in the treatment 
of those ulcers. Diabetic foot ulcers and venous 
leg ulcers are frequent and costly complications 
of their underlying diseases. The prevalence of 
foot ulcers ranges from 4% to 10% among per-

sons diagnosed with diabetes mellitus [3, 4] 
and the annual population-based incidence of 
1.0% to 5% [1, 3, 4], and the lifetime incidence 
may be as high as 25% [3, 4]. More than 15% of 
all ulcers result in some form of amputation [3, 
4]. According to a previous report, venous leg 
ulcers recurred in 72% of cases and skin ulcers 
from other causes recurred in 45% of cases [2], 
and another report described recurrence in 48% 
of cases one year after skin grafting [8]. 
 
We developed a bilayered acellular artificial 
dermis composed of an upper silicone sheet 
and a lower collagen sponge [9, 10] by modify-
ing the material described by Yannas and Burke 
[11, 12]. Artificial dermis has been used in the 
treatment of full-thickness skin defects resulting 
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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-

nated with 7 µg/cm2 or 14 µg/cm2 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 µg/cm2 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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trolled clinical trial. 
 
Design 
 
Two groups, a low-dose and high-dose bFGF 
group, have been set (Figure 1). In the initial 
step (Step 1), three patients will be enrolled in 
the low-dose group. After confirming the safety 
in the low-dose group, patients will be random-
ized to the low-dose or high-dose bFGF group in 
Step 2. Randomization-based comparison be-
tween dose groups can achieve significant im-
provements in accuracy and lack of bias. This 
comparison can provide useful information for 
designing and conducting future trials. 
 
Setting and participants 
 
This study is being conducted at Kyoto Univer-
sity Hospital. Patients with chronic skin ulcers 
are referred by physicians and also identified 
through a number of wound care clinics in Kyoto 
Prefecture and surrounding prefectures. 
 
Inclusion criteria 
 
1). Patients aged 20 years or older at informed 
consent. 2). Presence of chronic skin ulcers as 
below: not healing for at least 4 weeks with con-
ventional treatments; skin graft is not expected 
to take; can be completely covered by a 70 mm 
× 100 mm device. 3). If chronic skin ulcers are 
present on lower extremities, the skin perfusion 
pressure must be ³ 30 mmHg at a site proximal 
or distal to those ulcers. 4). Written informed 
consent. 
 
Exclusion criteria 
 
1). Have any of the following systemic diseases: 
uncontrolled diabetes mellitus (defined by 
HbA1c ³ 10%) according to latest laboratory 
data obtained within 28 days before registra-
tion); requiring continued use of oral corticoster-
oid therapy (> 20 mg/day prednisolone equiva-
lent); a history of malignant tumor with disease-
free interval of 5 years or less. 2). Have a history 
of allergy to porcine-derived products, collagen, 
gelatin, bFGF, anesthetic drugs, disinfectants, 
etc. 3). Have participated in another clinical 
trial/study within the past three months. 4). 
Have participated in this study previously. 5). 
Women meeting any of the following: do not 
agree to avoid pregnancy during the study; cur-
rently pregnant or possibly pregnant; currently 

breastfeeding. 6). Other patients judged by the 
investigator or sub-investigator to be inappropri-
ate as a subject of this study.  
 
Randomization 
 
In Step 2, patients will be randomized to either 
the low-dose or high-dose bFGF group at a ratio 
of 1:1 without stratification. Randomization will 
be performed using a computer-generated ran-
dom sequence to ensure equal allocation to the 
two dose groups by a statistician of the inde-
pendent data center (Department of Clinical 
Trial Design and Management, Translational 
Research Center, Kyoto University Hospital). 
 
Interventions 
 
Preparations of CGS impregnated with bFGF 
 
CGS is the modification of conventional bilay-
ered artificial dermis (Pelnac; Gunze Co., Ltd, 
Kyoto, Japan) and consists of an upper silicone 
sheet (0.1mm in thickness) and lower sponge 
(3 mm in thickness) [20]. In this study, the lar-
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ger CGS (82 mm × 120 mm) will be used. Two 
different dose bFGF concentrations of 7 μg/cm2 
(low dose) or 14 μg/cm2 (high dose) will be 
used. On the day of study therapy, the investiga-
tor or sub-investigator will prepare CGS impreg-
nated with bFGF in the operating room 
 
Application of CGS impregnated with bFGF 
 
This therapy will be started within 28 days of 
enrollment. After debridement of the chronic 
skin ulcers, CGS impregnated with bFGF of 7 
μg/cm2 or 14 μg/cm2 and cut according to the 
shape of the wound will be applied and sutured 
to surrounding skin.  
 
Dressing changes and silicone sheet removal 
 
After the application of CGS, dressings will be 
changed as necessary. Patients will be hospital-
ized until Day 7 to ensure stabilization of the 
applied CGS and may be discharged on Day 8 
after application according to the condition of 
the wound. On Day 14 after application, the 
sutures and silicone sheet of CGS will be re-
moved. After silicone film removal, subsequent 
therapy may be started. 
 
Subsequent therapy 
 
The use of bFGF or another collagen-based arti-
ficial skin will be prohibited until Day 28 after 
application. The use of ointments, wound dress-
ings and skin grafting will be allowed. After com-
pletion of the study period (Day 29 after investi-
gational device application and onward), no 
particular restrictions will be imposed.  
 
Digital photograph for healing assessment 
 
Using a digital camera, digital images of the 
wounds will be taken with a calibrator 
(CASMATCH; BEAR Medic Corp., Tokyo, Japan) 
placed on the skin adjacent to the wound. The 
color and size of image will be adjusted using 
the CASMATCH and image editing software 
(Adobe Photoshop; Adobe Systems) to assess 
the wound and granulation areas. As with the 
primary endpoint, the granulation tissue evalua-
tion committee members will assess the wound 
and granulation areas. 
 
Primary endpoint 
 
The primary endpoint is “wound bed improve-
ment.” 

Granulation tissue is wound connective tissue, 
which forms at the beginning of wound healing 
[26]. This highly fibrous tissue is usually pink 
because numerous small capillaries invade 
granulation tissue to supply oxygen and nutri-
ents. The appearance of granulation tissue is a 
good sign of healing because when a wound 
starts granulating, it means that the healing 
process of the wound is starting [26-28]. The 
area of granulation tissue will be measured as 
the granulation formation area in this study. An 
unhealed area is defined as an area with no 
epithelialization and no granulation formation. 
In this study, the percentage of wound bed im-
provement is defined as the value (%) calcu-
lated from the sum of the granulated and epi-
thelialized areas on Day 14 divided by the base-
line wound area after debridement on Day 0 
multiplied by 100, and the patient is diagnosed 
with wound bed improvement if the wound bed 
improvement indicator is 50% or higher. The 
use of 50% or more as the cutoff for the wound 
bed improvement indicator is based on the 
pressure ulcer healing assessment scale by the 
Japanese Society of Pressure Ulcers [28, 30, 
31].  
 
Secondary endpoints 
 
1). Adverse events and adverse reactions. 2). 
Percentage of “wound bed improvement”. 3). 
Percentage of wound reduction: The percentage 
of wound area reduction is defined as the value 
(%) calculated from the wound area of the ulcer 
on Day 14 divided by the baseline wound area 
after debridement on Day 0 multiplied by 100. 
4). Percentage of granulation area: The percent-
age of granulation area is defined as the value 
(%) calculated from the granulation area divided 
by the wound area on Day 14 multiplied by 100. 
 
Blinding 
 
The baseline wound area, the wound area on 
Day 14 and the granulation area on Day 14 will 
be independently measured under blinding by 
central review. Patients will be unblinded, and 
unblinded investigators will apply CGSs and 
change dressings.  
 
Sample size 
 
This study will be conducted to determine 
whether CGS impregnated with bFGF is promis-
ing for the treatment of chronic skin ulcers, as 
evaluated based on wound bed improvement as 
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the primary endpoint. Primary analyses will be 
conducted using all data treated with CGS in 
Step 1 and Step 2. Since debridement and con-
ventional therapies rarely lead to wound bed 
improvement in this patient population, the null 
hypothesis tested in this study is that the pro-
portion of patients with wound bed improve-
ment is 10% or less. The null hypothesis is also 
supported by previous trials [32-34]. In consid-
eration of the minimum clinically important dif-
ference, the expected proportion of patients 
with wound bed improvement in this study is set 
to 50% or more. When exact testing based on 
binomial distribution is conducted with a one-
sided significance level of 2.5% and a statistical 
power of 90% or higher, the required number of 
subjects is 14. Allowing for a drop-out rate of 
20% or less, the total number of patients for 
registration is 17, specifically 3 patients in Step 
1 and 14 patients in Step 2.  

Study schedule 
 
The schedule of study assessments and evalua-
tions is shown in Table 1. The study period will 
be from the day of informed consent to 28 days 
after investigational device application. The 
study period will be from the day of investiga-
tional device application to 28 days after inves-
tigational device application. Data to evaluate 
the efficacy and safety of this study will be col-
lected at enrollment, baseline, and Day 14 of 
the treatment phase and Day 28 of the observa-
tion phase.  
 
Statistical analysis 
 
Patients who have been registered for the study 
and who have undergone investigational device 
application at least once will be included in the 
full analysis set (FAS) and the safety analysis 

Table 1. Schedule of study assessments and evaluations 
    Treatment Observation 

Clinical assessments, 
testing and investigations 

Day of enroll-
ment 

Day of application/ 
reapplication 

← 
→ 

Day of silicone 
sheet removal 

(Day 14) 

Day 28 after ap-
plication/ 

reapplication 

Clinical history ○         

Physical examination ○         

Eligibility criteria check ○         

Informed consent ○         

Blood test ○     ○ ○ 

Skin perfusion pressure ○         

Investigational device 
application   ○       

Clinical assessment of 
the wound ○ ○   ○ ○ 

Digital photograph of 
wound ○ ○   ○ ○ 

Wound evaluation       ●   

Data submission of 
treatment and AE etc.   ○   ○ ○ 

Observation of AE   ○ 
← 
○ 
→ 

○ ○ 

○: required; ●: Wound area measurements, granulation area measurements (wound for efficacy evaluation and wounds for study 
therapy) 
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set. From the FAS, however, patients will be 
excluded if they have serious protocol violations 
or International Conference on Harmonization 
Guidelines for Good Clinical Practice (ICH-GCP) 
violations (failure to obtain consent, major study 
procedure violations) or if they are found to be 
ineligible after registration. 
 
Wound bed improvement 
 
Wound bed improvement is the primary end-
point of this study. The primary analysis will be 
conducted for the FAS using exact test based on 
binomial distribution with a null proportion of 
10% and a one-sided significance level of 2.5%. 
The 95% confidence interval of the proportion of 
patients with wound bed improvement will be 
calculated using an exact method based on 
binomial distribution. 
 
Percentage of wound bed improvement, would 
reduction and granulation area 
 
Using the FAS, the descriptive statistics will be 
calculated. The interval estimation will be con-
ducted under the assumption that this endpoint 
follows normal distribution. 
 
Adverse events related to the application of the 
device 
 
Using the safety analysis set, the frequency/
incidence of adverse events and adverse events 
that can be causally related to the investiga-
tional device in the safety analysis set will be 
calculated by event and severity. 
 
Ethical considerations 
 
This study is being conducted in compliance 
with the ICH-GCP and in agreement with the 
latest revision of the Declaration of Helsinki, 
Pharmaceutical Affairs Law and all applicable 
Japanese laws and regulations, as well as any 
local laws and regulations and all applicable 
guidelines. This protocol and any amendments 
have Institutional Review Board approval at 
Kyoto University Hospital. 
 
Subject consent 
 
Informed consent will be obtained from all po-
tential study participants using the IRB-
approved informed consent form. The clinical 
investigator informs the potential study subject 

of all pertinent aspects of the study. The subject 
must sufficiently understand the contents of the 
information form before providing written con-
sent. The consent form must be dated and 
signed by both the investigator and the partici-
pant. Subjects are also informed that their 
medical care will not be affected if they do not 
choose to participate in this study. The consent 
form will be retained at Kyoto University Hospi-
tal and the information form and a copy of the 
consent form will be handed to the participant. 
Whenever the investigator obtains information 
that may affect the participant’s willingness to 
continue participation in the study, the investi-
gator or sub-investigator will immediately inform 
the participant and record this, and reconfirm 
the participant’s willingness to continue partici-
pation in the study. 
 
Adverse events 
 
This study is being conducted according to the 
ICH-GCP. Adverse events and serious adverse 
events information will be documented accord-
ing to the Medical Dictionary for Regulatory Ac-
tivities (MedDRA) version 14.0. 
 
Results and discussion 
 
This study has been designed to address the 
safety and efficacy of novel treatment for 
chronic skin ulcers using a modified artificial 
dermis, CGS, that can sustain bFGF. This study 
will be the first randomized controlled trial to 
evaluate the efficacy of CGS and the appropri-
ate concentration of bFGF impregnation for 
treatment of increasing non-healing ulcers. 
Some bioengineered skin substitutes that pro-
vide growth factors secreted by living cells have 
been reported to be effective for chronic skin 
ulcers, although they are costly and access is 
limited to only a few areas and countries. Both 
CGS and bFGF are freeze-dried and can be kept 
well and stored at room temperature. These are 
off-the-shelf products and the procedure of im-
pregnation is simple; therefore, we can use this 
combination therapy anywhere when needed. If 
successful, this intervention may lead to sub-
stantial and important changes in the manage-
ment of chronic skin ulcers, such as diabetes 
ulcers and venous leg ulcers 
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