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Abstract
Diabetic foot ulcers (DFU), which can affect up to 15% of individuals with diabetes, remain a major unmet medical
need. Left untreated, DFU seriously impact on quality of life and level of function. Conventional treatment is costly
and often ineffective. In severe cases, patients with DFU may undergo painful amputations. IZN 6D4 is an
impregnated hydrogel containing active pharmaceutical ingredients that have both wound-healing promoting and
anti-inflammatory activities This is an observational human clinical trial study involving 15 patients treated with IZN
6D4. Subjects in the study had DFU which were categorized as being at stage 1A or greater using the University of
Texas Health Science Center, San Antonio scale (UTHSC) grading system. Treatment lasted 21 days, and during
the course of the study, patches were applied every 3-4 days. Response to therapy was measured by extent and
depth of the lesion (wound grid and digital photography), qualitative assessment of wound healing (tissue
granulation), and the rate of wound closure over the trial period. Results of the study showed that 40% of subjects
had 75% closure of the wound and 27% had complete wound closure. Nearly all patients had evidence of active
wound healing (e.g., presence of granulation tissue), and percent mean wound reduction for the entire study group
was 67.7 ± 26.4%. Photo documentation of wound healing showed impressive differences between pre- and posttreatment appearances of diabetic ulcers in many of the patients studied. Based on the promising data from preclinical studies and the observational clinical trial provide strong justification for initiating a large-scale, longer
duration clinical trial evaluating the efficacy of IZN 6D4 hydrogel in the treatment of patients with DFU.
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Introduction
The treatment of diabetic foot ulcers remains a major unmet
medical need [1]. DFU has an incidence rate of 15% among all diabetic
patients, and is more common in those with long-standing diabetes
and poor glycemic control [2]. Conservative management of DFU is
frequently ineffective and between 14-20% of diabetics with foot ulcers
will eventually require amputation [3]. DFU are the most common
cause of non-traumatic amputation, and the cumulative 10-year
incidence of lower-extremity amputation is 5% for diabetics diagnosed
before the age of 30 and 7% among those with later onset of diabetes
(>30 y). The morbidity and mortality of diabetic foot ulcers are high as
evidenced by the prolonged hospitalization of patients with foot ulcers,
and the bleak 27% 5-year survival rate after amputation is worse than
for most cancers [4].
The economic burden of DFU for society is significant with a recent
study finding that the cost of caring for diabetic ulcers ranged from
$1,892 to $27,721 per episode based on severity with the average costs
being $13,179 per episode [5]. Amputation costs are estimated to be $6
billion a year in the US [2] and the total cost of care for DFU in 2001
was $10.9 billion [6]. It has been estimated that up to 20% of the
annual costs of caring for diabetes is directly or indirectly (i.e., loss of
productivity) related to DFU [6]. Beyond, the financial costs, there is a
significant human toll related to DFU in terms of loss of mobility and
reduced quality of life [7]. Development of more effective treatment
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modalities for DFU would significantly reduce the financial and
human toll, and benefit both individual patients and society at large.
A significant amount of research has been devoted to determine the
specific etiology of DFU and to answer the question of why there is
impaired healing of skin ulcers in diabetes [1,8,9]. The impaired
healing may result from numerous factors including changes in growth
factor milieu, impaired fibroblast function, decreased immunologic
function, and defects in the extracellular matrix (ECM) environment
in the region of the wound.
In diabetes, several factors, both external and internal, work to
retard healing. These include neuropathy, vascular insufficiency,
microangiopathy, repeat trauma and increased susceptibility to
infection. Microangiopathy is particularly important as the thickened
basement membrane surrounding the ulcer impairs inflammatory cell
recruitment affecting the first and second stages of wound healing [10].
At the cellular level, fibroblasts in the diabetic ulcer show signs of
senescence and have a decreased proliferative response to growth
factors as compared to fibroblasts in non-diabetic wounds [11,12]. At
the molecular level, biopsies taken from diabetic ulcers have lower
levels of TGF-β and type 2 TGF-β receptors as compared to wounds
from non-diabetic individuals [13,14]. This is a critical factor as TGF
mediated signal transduction is important in wound healing [15].
DFU, similar to other poorly healing wounds, have elevated levels of
metalloproteinases (MMP) that destroy growth factors, surface
receptors of cells involved in wound healing, and ECM proteins that
are necessary for healing [16,17]. In addition, there is a reduction of
tissue inhibitor of MMP which inhibits the activity of destructive
metalloproteinases [18].
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IZN 6D4 is a hydrogel containing naturally derived pharmaceutical
ingredients designed to improve wound healing in diabetics with DFU
who have elevated levels of metalloproteinases in their foot ulcers. It
was found that IZN 6D4 had an impact on growth factors and
extracellular matrix factors that are found in wounds. A key finding
was that in inflamed biopsy tissue obtained from subjects treated with
the active ingredient, there was a significant decrease in the levels of
metalloproteinases.

Materials and Methods
This is an observational study to determine the efficacy of a hydrogel
impregnated with IZN 6D4 in treating DFU. The active product
ingredients of the hydrogel consisted of IZN 6D4 1.5 g mixed with 15
gm of hydrogel. The gel mixture was applied by the study physician as a
2 mm thick layer covering the entire wound bed. The gel was
subsequently covered by a sterile saline-soaked gauze and fixed in
place.
Fifteen patients with DFU were enrolled. To qualify for enrollment,
patients had to have confirmed diabetes, be between the ages of 18-75
years, and have foot ulcers categorized as 1A or greater based on the
University of Texas Health Science Center, San Antonio scale
(UTHSC). Exclusion criteria including sensitivity to any of the
ingredients in the hydrogel or the API, inability to apply the API
preparation to the wound site, pregnancy or the desire to become
pregnant, and moderate to severe peripheral vascular disease. The
duration of treatment with the hydrogel was 21 days. On the first day
of the study, the patient was enrolled and baseline statistics were
obtained including the location of the ulcer, measurements of the
depth and width of the lesion, and the UTHSC classification. The
wound was debrided according to standard procedures, and the test
substance was applied and covered with a saline dressing.
Subsequently, patients returned every 3-4 days for assessment by the
physician, further debridement, and application of a new patch. A
comprehensive assessment was done on day 21, and when possible,
patients were followed for up to a period of 12 weeks.
Several methods were used to evaluate the wound. The depth of the
wound was measured with a standard calibrated probe. Surface area of
the wound was assessed using a wound grid (Convatec). Digital
photographs (three photographs at magnifications of 1x, 2x, 3x of
increasing magnification) at a fixed distance from the wound were
obtained. Qualitative assessment of tissue content and quality of
healing was done by the clinical investigator who visually estimated the
percentage of wound area consisting of each of the following tissue
types: necrotic, fibrotic, granulation, and epithelialized. Data was
recorded on case report forms for each patient and subsequently
entered in a Microsoft Excel spreadsheet.

sense that patients lost to follow-up before complete healing were
considered as treatment failures.

Results
The enrollment goal of the study was achieved and 15 sequential
volunteers were enrolled after they signed informed consent. A
complete data set for the 15 patients was obtained at 3 weeks. No SAEs
were recorded related to the medication. Treatment with IZN 6D4 was
well tolerated among all the patients regardless of extent or severity of
their ulcers.
The demographic and clinical aspects of the patient population are
shown in Table 1. The population was elderly with a preponderance of
males. A third of the patients had either chronic or recurrent DFU (>6
months). A majority of the DFU were neuropathic in type (11 patients
had wounds classified as non-ischemic) according to UTHSC
(classified as A). Most of the ulcers were superficial with only 4
patients having ulcers that reached to the tendon or capsule (stage 2
based on UTHSC).
Age (y)

63.6 ± 10.9

M:F

1.5

Duration before treatment
<6 months

10

≥ 6 months

5 (6 mo–4 y)

UTHSC score (distribution)
IA

9

IB

1

IC

2

IIA

2

IIC

2

Table 1: Clinical characteristics of subjects.
The results of treatment with IZN 6D4 combined with conventional
treatment for three weeks are summarized in Table 2. All subjects
responded to treatment in terms of reduction of the size of their ulcers.
The mean surface area of the ulcer decreased from 6.08 ± 6.54 to 3.01 ±
5.08 cm2 (p<0.0001, t test for two-tailed paired samples). In terms of
wound closure, 27% had complete closure during the three weeks,
while 40% of the subjects had 75% or greater closure

Additional data was obtained regarding adverse events that could be
potentially related to the test drug. Compliance was assessed by
monitoring attendance during the scheduled visits. Patients who failed
to maintain their scheduled visits were released from the study.

Initial area (cm2)

There were several outcome variables for this observational study
that were assessed at 21 days and included the number of patients with
complete healing, percent change in either surface area or depth of
wound during the course of the study, changes in UTSHC grade, the
velocity of healing in terms of reduction of wound surface area and
depth over time, and subjective evaluation of wound healing based on
granulation tissue. For long-term follow-up, the main outcome
variable was closure. An intention to treat standard was utilized in the
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Mean

6.08 ± 6.54

Median

3.92

Range

1.08–25.95

Final area (cm2)
Mean

3.01 ± 5.08

Median

0.98

Range

0.0–18.90
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Response
100% closure

4/15 (27%)

75% closure

6/15 (40%)

Percent wound reduction
Mean

67.7 ± 26.4

Median

69.8

Range

19-100

100% granulation

14/15

% granulation (mean)

99.0 ± 3.87

Table 2: Response to treatment with IZN 6D4.
Since initial wound size varies, percent wound reduction was also
analyzed. Again, the response was varied (Figure 1) but the average
reduction of ulcer size was 67.7%. Except for one patient, most patients
had an immediate response during the first week of treatment. In the
third week of the trial, there was a plateau effect seen in four of the
patients (Figure 1).

Figure 2: Visual evidence of healing both in terms of granulation
tissue and degree of clouser.
Of the 6 who were considered treatment failures based on the
intention to treat protocol, one patient was non-compliant with
treatment, two were lost to follow-up during the third week of the
study, and the other 3 were lost to follow-up during the next 9 weeks.

Discussion
The preclinical studies presented above provide evidence that IZN
6D4, a polymolecular API, can facilitate wound healing by modulating
the molecular environment of the wound thereby increasing the rate of
wound closure

Figure 1: Plateau effect of diabetic ulcers.
Of note is that although the percent closure over three weeks was
greater for individuals with ulcers less than 6 months, this difference
was not statistically significant (74.9% with DFU <6 months vs. 53.4%
with DFU ≥ 6months; p=0.14, two-tailed t test). Another indication of
the efficacy of IZN 6D4 was the degree of granulation. Granulation is
an important stage in the healing process, and all 15 patients had
complete granulation of their wounds. The impact of granulation is
also demonstrated by the fact that all 4 patients with deep ulcers
classified as Stage 2 in the UTSHC classification reverted to Stage 1.
Figure 2 shows visual evidence in two cases of the degree of healing
both in terms of granulation tissue and degree of closure.
After cessation of treatment at 3 weeks, the patients were followed
for an additional period that ranged up till 12 weeks. Using closure as
an endpoint, 9 out of 15 (60%) responded to IZN 6D4 (Figure 2).
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Using the wound closure model, the effects of IZN 6D4 on
metalloproteinases, TGF-β, and healing-associated cytokines were
assessed. IZN 6D4 significantly inhibited fibroblast MMP-2 production
as measured over a 24 hour period by zymography, a test of functional
enzymatic degradation of specific substrates. As mentioned above, the
reduction in MMP-2 is an important finding as this MMP is elevated
in DFU wounds as compared to non-diabetic wounds.
Healing-associated cytokines such as IL-1 and IL-6 are important in
wound healing [19], and IL-6 is a critical factor for fibroblast
proliferation [20]. In cultured fibroblasts, IZN 6D4 induced secretion
of IL-6, and was synergistic with IL-1 in raising levels of IL-6. IZN 6D4
also stimulated the secretion of collagen by fibroblasts.
The limitation of this study was the lack of a control group of
patients receiving conventional therapy alone. It is possible that the
improvement seen in the ulcers was solely related to conventional
therapy. However, when comparing the outcome obtained with three
weeks of IZN 6D4 therapy to the natural history of DFU patients
receiving conventional therapy, the results are very promising.
For example, in one study of 449 subjects in which the patient
population was similar to that of the present study, 55% percent had
complete healing after 6 months with a median time to healing of 78
days.21 In our study, 4 patients had healing by 3 weeks and another 5
had complete healing by 12 weeks for a combined percentage of 60%
suggesting that the rate of healing was accelerated when IZN 6D4 was
utilized.
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Our results also compare favorably to that of Promogran and
Apligraf. Promogran, a wound dressing consisting of collagen and
oxidized regenerated cellulose which is a protease modulating matrix
that promotes healing. In a multicenter trial with consisting of 276
patients receiving Promogran or standard care, the complete closure
rate after 12 weeks of treatment was 37% versus 28.3% in the control
group (p=0.12) [21,22]. This is in comparison to our study in which
there was a projected complete closure rate of 60% after 12 weeks. IZN
6D4 was equivalent or better than Apligraf, a bioengineered skin
substitute impregnated with keratinocytes and fibroblasts. In a recently
published twelve week study using Apligraf together with a non-weight
bearing regimen, a closure rate of 51.5% was obtained for Apligraf
[23]. This was significantly better than the control group which
received conventional care and a non-weight bearing regimen for
which the response rate was 26.3% (p=0.049). When IZN 6D4 is
compared to results from the Apligraf study, it can be demonstrated
that the response to IZN 6D4 is more rapid, and the response rate is
greater even though a formal non-weight bearing regimen was not
instituted in the IZN 6D4 study. IZN 6D4 also performs well when
compared to other biological-based wound coverings including
Dermagraft, OASIS wound matrix, and Regranex gel [24,25].
Extrapolating from the individual subject data, an additional 4 patients
were on a trajectory for completing healing by 4-6 weeks. Similar to
other studies [22], patients with ulcers of less than 6 months duration
had a better total closure response (40%) as all four patients who had a
complete response had ulcers of less than 6 months duration.
What is most impressive about IZN 6D4 is the relatively short (3
week) duration of treatment. It could be expected that with a longer
duration of treatment, the number of patients with a positive response
would increase. Taking both the positive data from the pre-clinical
studies and the results of the observational clinical trial, there is a
strong justification for initiating a large-scale, longer duration placebo
controlled clinical trial to evaluate the efficacy of IZN 6D4 hydrogel in
the treatment of patients with DFU.
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