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A B S T R A C T

Epidermal growth factor is used as an adjuvant to close the wound in addition to standard care in diabetic foot
ulcers. This study aimed to investigate the long-term outcomes after intralesional epidermal growth factor injec-
tions in the treatment of diabetic foot ulcers. Thirty-six feet of 34 patients (n = 34) with diabetic foot ulcers were
included. Patient demographics, Wagner classifications, recurrence and amputation rates, Foot Function Index,
Short Form 36, and American Academy of Orthopedic Surgeons Foot and Ankle Module scores were evaluated at
the final follow-up examination. The mean age was 61.000 § 13.743 years. The mean duration of wounds was
240.200 § 146.385 days. A mean of 18.125 § 4.494 (range 9 to 24) doses were applied. Wound closure
was achieved in 33 of the 36 (91.7%) lesions. A complete response (granulation tissue >75% or wound closure)
was observed in 29 (87.9%) lesions. The mean time to wound closure was 52.08 § 10.65 (range 25 to 72) days. At
the 5-year follow-up, 4 patients were lost to follow-up because of exitus owing to diabetic complications. Of the
remaining 29 patients, 27 were ulcer free. In 2 patients (2 lesions, 6.9%) toe amputation was performed due to
ischemic necrosis. The mean Foot Function Index, American Academy of Orthopedic Surgeons Foot and Ankle Core
Scale, and AAOS Shoe Comfort Scale scores were 55.40 § 12.15, 65.92 § 17.56, and 56.42 § 11.98, respectively.
Complete wound healing and a low recurrence and amputation rates could be obtained with intralesional epider-
mal growth factor added to the standard treatment protocol.
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Diabetic foot ulcer (DFU) is one of the major and devastating
complications of diabetes mellitus. It is defined as foot ulceration
associated with neuropathy and/or lower extremity peripheral
arterial disease in patients with diabetes (1). A full-thickness
wound that penetrates the dermis may cause osteomyelitis (2).
Approximately 15% of patients with diabetes are expected to
develop a lower extremity ulcer. Foot ulcers are the cause of
85% of amputations in patients with diabetes (3). Also, 34% of
patients with DFUs develop another ulcer within one year, and
the 5-year risk of new ulcer development is approximately 70%
(4). Furthermore, the recurrence of ulcers after treatment is one
of the major and challenging problems in the management of
DFUs (5).

A multidisciplinary approach is essential in the management of
DFUs. Regulation of blood glucose levels, debridement of necrotic and
infected tissues, reduction of load and pressure, and revascularization
approaches are the mainstay treatment methods when required (6).
Additionally, the use of some adjunctive methods such as hyperbaric
oxygen therapy and negative pressure wound therapy is accepted (7,8).
All of these therapies aim to promote wound healing and decrease
amputation rates.

Failure of granulation tissue triggering, histologically abnormal
angiogenesis, impaired wound contraction, and aberrant reepitheliza-
tion are causes of healing failure (9). Epidermal growth factor (EGF)
stimulates fibroblast and endothelial cell migration to the ulcer area,
the formation of granulation tissue, de novo angiogenesis, wound con-
traction with myofibroblast activation, and epithelial cell proliferation
and migration (10,11). Because of these effects, EGF has begun to be
used in the treatment of DFUs.
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Fig. 1. An application example of epidermal growth factor. First applying dermoepider-
mal junction all over the wound. Then, deepened and injected homogenously to the
entire wound.

Table 1
Patient characteristics (N = 36 feet in 34 patients)

Characteristic Means § SD or no. (%)

Age (y) 61.00 § 13.74
Duration of diabetes (y) 13.96 § 9.80
Duration of ulcer (d) 240.200 § 146.385
No. of wounds 36 (100)
Lesion size (cm2) 22.42 § 9.78
WBC (per mm3) 8898 § 2416
HbA1c (%) 8.357 § 4.560
CRP (mg/L) 35.973 § 14.090
Amputation (minor) 2 (5.6)
ABI ˂ 0.8 26 (72.2)
ABI ˃ 0.8 8 (22.2)
Sex (patient)
Female 6 (17.7)
Male 28 (82.4)

Side
Right 27 (75)
Left 7 (19.4)

Diabetes type (patient)
1 2 (5.9)
2 32 (94.1)

Etiopathogenic feature
Ischemic 29 (80.6)
Neurogenic 5 (13.9)

The site of ulcer
Great toe (plantar) 10 (27.8)
Other toes (plantar and dorsal) 7 (19.4)
Foot dorsum 5 (13.9)
Heel (plantar medial and lateral) 8 (22.2)
Forefoot (plantar) 4 (11.1)

Wagner grade
2 6 (16.7)
3 28 (77.8)

The most frequent comorbidities (patient)
Ischemic heart disease 17 (50)
Arterial hypertension 25 (73.5)
Diabetic neuropathy 11 (32.4)
Diabetic nephropathy 6 (17.7)

Abbreviations: ABI, ankle-brachial pressure index; CRP, C-reactive protein; HbA1c, hemo-
globin A1c; SD, standard deviation; WBC, white blood cell.
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Compressive, shear, osmotic and tension forces are effective on cells.
Mechanical environment plays an important role on stem cells in both
proliferation and differentiation (12). In addition, human mesenchymal
stem cells have mechanical memory to maintain their predisposition to
certain cell line (13). Mechanical stresses regulate collagen fibril proper-
ties, fibrosis, microvascular blood flow, inflammatory response and
myofibroblast migration and function (14−16). In DFUs, mechanical
stress distribution is impaired (17). Targeting these impaired mechani-
cal forces influences wound healing in DFUs.

The intralesional application of recombinant human EGF is a rel-
atively new method. It has been reported as an effective adjuvant
treatment modality for selected patients in the treatment of DFUs
in addition to standard care (18). In various studies, EGF was shown
to have beneficial effects regarding compete wound healing
(6,10,26−28,18−25). However, most of those studies reported the
short-term follow-up results. Therefore, this study aimed to present
the long-term follow-up results of intralesional EGF injections in
patients with DFUs.
Patients and Methods

Thirty-six DFUs in 34 patients (28 male and 6 female; mean age 61.000 § 13.743
years) were treated with intralesional EGF injections in addition to the standard care
between June 2012 and February 2013. The standard care in DFUs includes blood glucose
regulation, debridement of necrotic tissues, treatment of infections, correction of defor-
mities, and offloading (6).

The inclusion criteria were patients with type 1 or type 2 diabetes mellitus, patients
>40 years of age with a chronic foot ulcer, those with an ulcer area of >3 cm2, patients
with no or mild foot deformities, and those with Wagner stage 2 and 3 lesions. Patients
were excluded if they had a local or systemic infection, pregnancy, malignancy, or previ-
ous allergic reactions. Our institutional ethics review board approved this study. Informed
consent was obtained from all participants.

The injection was applied as follows: 75 mg of EGF vials of 1 mL were diluted with
4 mL of normal saline. Before application, necrotic tissues were sharply debrided, and the
wound was washed with normal saline. EGF solution was injected with a 27-gauge£ 0.5-
inch insulin needle, first into the dermoepidermal junction all over the wound (Fig. 1),
then deepened and injected homogenously to the entire wound (19). Injections were
continued 3 times a week for ≤8 weeks or until a complete granulation response was
achieved (Fig. 2).

Systemic antibiotic treatment was used if a wound infection was proven with cul-
tures. Patients underwent serial debridements, 7 days of systemic antibiotic treatment,
and continued with oral antibiotics for 21 days. The injections were performed after
microbiologic culture confirmation that demonstrated no further infection. All wounds
were debrided before the injections. Then, saline and chlorhexidine solutions were used
to clean the wound. EGF-interleukin 75 mg (Heberprot-P

�
75, Heber Biotec, Havana,

Cuba) was injected intralesionally 3 times per week for ≤8 weeks. A mean of 18.125 §
4.494 (range 9 to 24) doses were applied.

The outcomes were investigated after a minimum period of 5 (range 5 to 6) years.
Clinicians evaluated patients in the orthopedic surgery, plastic surgery, endocrinology,
and infectious diseases clinics before the injections were administered. Thirty-two of the
patients were diagnosed with type 2 diabetes mellitus and 2 patients had type 1 diabetes
mellitus. Seven patients were treated with oral antidiabetics and 27 were treated with
insulin. Of the 34 patients, 21 (61.8%) had a history of surgical intervention for small toe



Fig. 2. Complete granulation response in a patient was achieved after 6 injections.
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necrosis or recurrent foot infections. The mean duration of wounds was 240.2 § 146.385
(range 110 to 720 days) days. Right side involvement was seen in 27 patients and left side
involvement in 7. In 2 patients, bilateral wound involvement was observed. Wounds
were on the great toe in 10 patients, other toes in 7, dorsum of the foot in 5, plantar aspect
of the heel in 8, and plantar aspect of the forefoot in 4.

The Short Form 36 (version 1) was used to evaluate the patients’ health-related qual-
ity of life (29). To evaluate the patients’ functional outcomes, we used the American Acad-
emy of Orthopedic Surgeons (AAOS) Foot and Ankle Module (with scores ranging from 0
[poor] to 100 [excellent]) and Foot Function Index. The AAOS Foot and Ankle Module
includes the Foot and Ankle Core Scale and Shoe Comfort Scale. The Foot and Ankle Core
Scale is a 20-item scale to measure pain, function, and stiffness. The Shoe Comfort Scale is
a 5-item scale to assess the patient’s ability to wear different types of shoes comfortably
(30). The Foot Function Index is a region-specific patient-reported outcome score with a
23-item scale. It has 3 subcategories for assessing pain, disability, and activity limitations
(31).

The mean, standard deviation, median, lowest, highest, frequency, and ratio were
used in the descriptive data statistics. The normality was tested by using the Shapiro-
Wilk test. The x2 test was used for comparison of categorical data. Spearman’s correlation
analysis or Spearman’s rho test was used in the correlation analysis. A p value of <.05
was considered statistically significant. SPSS IBM Statistics, version 22.0 (IBM Inc., Chi-
cago, IL) was used in the statistical analyses.
Results

Patient demographics, Wagner classifications, recurrence and
amputation rates, hemoglobin A1c levels, white blood cell count,
and C-reactive protein levels are shown in Table 1. An outgrowth of
a granulation tissue suitable for spontaneous re-epithelization, pri-
mary suturation or closure with a split-thickness autograft was con-
sidered the endpoint.

The mean lesion size was 22.42 § 9.78 (range 4 to 80) cm2. The
lesions were predominately ischemic and Wagner grade 3. Wound clo-
sure was achieved in 33 of 36 (91.7%) lesions, with a primary suture in
12 lesions, split-thickness skin graft in 11, and spontaneous re-epitheli-
zation in 10 (Fig. 3). In 3 patients, a recurrent wound infection devel-
oped and EGF therapy was discontinued. Serial debridements, systemic
antibiotic therapy, vacuum-assisted closure, and skin grafting were
performed.

Regarding adverse effects, shivering occurred in 11 patients, yawn-
ing in 5, pain and burning in 21, and nausea in 17. Cessation of therapy
because of these adverse effects was not needed. The occurrence of
adverse events increased as the treatment progressed. A complete
response (granulation tissue of >75% or wound closure) was observed
in 29 (87.9%) lesions. Three individuals developed a <25% granulation
response in the early course of the injection therapy. Serial debride-
ments were added to the treatment between injections, and all
3 wounds closed completely.

There was no significant relationship between the ulcer width and
depth and the number of injections (p = .192 and p = .528, respectively).
The mean time to wound closure was 52.08 § 10.65 (range 25 to 72)
days. There was a statistically significant relationship between the



Fig. 3. Spontaneous reepithelization in a patient after 5 injections.
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wound width and time to closure (p = .013). Also, there was a negative
relationship between the Wagner grade and the number of injections
(p = .041), but not between the Wagner grade, and diabetic foot time
(p = .192, .528, and .855, respectively). There was no statistically signifi-
cant correlation between the hemoglobin A1c levels and Wagner grade
(p = .225).

At the 5-year follow-up, 4 (11.8%) patients were lost to follow-up
because of exitus owing to diabetic heart and cerebrovascular complica-
tions. The remaining 27 (79.4%) patients (27 lesions, 93.1%) were ulcer
free (Fig. 4). In 2 (6.7%) patients (2 lesions, 6.9%) toe ulcer recurrence
was observed, and they underwent toe amputation. The mean Short
Form-36 domains, Foot Function Index, AAOS Foot and Ankle Core
Scale, and AAOS Shoe Comfort Scale scores at the final follow-up exami-
nation are shown in Table 2. Two patients (2 feet) reported minor toe
amputations owing to ischemic necrosis without ulceration.

Discussion

The most important finding of this study is that adding an intrale-
sional EGF injection to the standard therapy is an effective and reliable
method for treating DFUs, with low recurrence rates. To the best of our
knowledge, this is the first study to report the long-term outcomes after
intralesional EGF injections in patients with DFUs.

Multidisciplinary approaches are needed for healing and to prevent
amputation in patients with DFUs. Debridement of necrotic tissues and
control of infections are required to manage wounds (1). Adding growth
factors facilitates the therapeutic effect (32). EGF has been tested and
shown to have efficacy in the treatment of DFUs (18,19,33). EGF is a
mitogenic and motogenic agent. It stimulates productive cell migration,
the formation of granulation tissue, tissue contraction through
myofibroblast activation, and resurfacing through epithelial cell migra-
tion and proliferation (10).

The primary goal in the treatment of DFUs is to close the
wound completely. EGF is a suitable agent to achieve this goal.
Previously, many studies reported successful results, with varying
complete wound closure rates and easily manageable adverse
events after intralesional EGF injections (10,19,34). Fern�andez-
Montequín et al (33) compared 75 and 25 mg EGF doses and found
that the higher dose had a higher and faster complete response
than did the lower dose (83% vs 61%). In another double-blind,
randomized, multicenter study, the investigators compared 75 and
25 mg doses of EGF with placebo (18). After 8 weeks of treatment,
the rates of complete response were 87% with 75 mg of EGF, 73%
with 25 mg of EGF, and 58% with the placebo. In another study
including 1788 patients with Wagner grades 3 and 4 DFUs, the
complete granulation response rate was 75.9%, with 55% complete
reepithelization. A 5% person-years relapse rate was reported (35).
Valenzuela-Silva et al (36) noted a rate of total wound closure of
58.4% after 75 mg of intralesional EGF was applied. In our study,
we also used 75 mg of intralesional EGF (Heberprot-P

�
; 3 applica-

tions per week) for 8 weeks. The complete response and complete
wound closure rates were 87.9% and 91.7%, respectively. More than
80% of granulation was obtained globally with Heberprot-P

�
, com-

pared with <60% with the standard care alone. This result was
compatible with previous studies. Of patients who were treated
with 75 mg of Heberprot-P, 77% healed, whereas only 56% healed
with placebo injections and standard care (18,33). The continuity
of treatment was associated with an improvement in the rates of
granulation response and complete wound closure. Since then,
local EGF injections have been used for complex diabetic wounds



Fig. 4. Patient before injections and ulcer-free appearance at the last follow-up.

Table 2
Distribution of SF-36 domains, FFI, and AAOS-FAM scores at the 5-year follow-up exami-
nation (n = 30 patients)

Outcome Mean § SD
FFI 55.40 § 12.15
SF-36 v1
Physical functioning 35
Role limitations owing to physical health 29
Role limitations owing to emotional problems 41
Energy/fatigue 36
Emotional well-being 65
Social functioning 46
Pain 60
General health 31
Health change 38

AAOS-FAM
AAOS-FACS 65.92 § 17.56
AAOS-SCS 56.42 § 11.98

Abbreviations: AAOS-FACS, American Academy of Orthopedic Surgeons Foot and Ankle
Core Scale; AOS-FAM, American Academy of Orthopedic Surgeons Foot and Ankle Mod-
ule; AAOS-SCS, American Academy of Orthopedic Surgeons Shoe Comfort Scale; FFI, Foot
Function Index; SF-36: Short Form 36.
Values are mean § standard deviation or percent.
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in various clinical trials, demonstrating a favorable risk-benefit bal-
ance by enhancing healing and reducing recurrence and the risk of
amputation (23,37). Adverse events were mostly mild to moderate
(65.6% mild, 28.6% moderate, and only 3.7% severe), with pain and
a burning sensation at the administration site as the most frequent
adverse event. In our study, the most frequent adverse events
were pain, burning, nausea, and yawning. The increased rate of
adverse events as the treatment progressed may be associated
with increased neovascularization and associated elevated systemic
levels of EGF. The treatment was not interrupted because of
adverse events.

Gonzalez-Acosta et al (37) reported that intralesional EGF added to
standard therapy was associated with a lower rate of major amputation
(26.7% vs 8.3%) than standard therapy alone was. In another study,
lower major amputation rates (43.1% vs 8.1%) were reported after an
intralesional EGF injection was added to the standard therapy (23). In
the long term, we observed that 2 of 29 (6.9%) feet underwent toe
amputations, without the need for major amputations.

EGF treatment is more expensive than standard therapies. One
application cost is 1243.5 USD (In Turkey by the date of May 20, 2018).
The cost of 24 applications is 29,844 USD. However, considering the 5-
year low recurrence rates that were shown in our study, it may be seen
as cost effective regarding total health costs in long-term.

The most common structural foot deformities in DFUs are claw and
hammer toes, prominent metatarsal heads, pes cavus, pes equinus, and
hallux valgus (38). These deformities change the load distribution on
the foot. Foot deformities are one of the major causes of ulceration. The
other major components are peripheral neuropathy, peripheral vascular
disease, and minor traumas (39,40).

The best preventive strategy is to decrease the risk factors. In our
study, participants had mild foot deformities as claw toe and hallux val-
gus in 5 toe ulcers, prominent metatarsal heads in 2 plantar forefoot
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ulcers, and pes cavus in 3 plantar heel ulcers. Shoe modification was
recommended to all patients.

This study has several limitations. First, there is no control group
for comparison. Second, we did not use preinjection functional out-
come scores. Third, the study was a retrospective case series.
Finally, our sample size was relatively small, and it may affect sta-
tistical results. The major strength of this study is the first study
evaluating long-term outcomes after intralesional EGF application.
Further prospective studies with a greater number of participants
as well as controls are needed.

In conclusion, our results suggest that the intralesional application
of EGF is an effective adjuvant treatment modality. Complete wound
healing and low amputation and recurrence rates may be obtained in
the long term when EGF is added to the standard treatment protocol.
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