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ABSTRACT
Objective: To determine the role of the intralesional recombinant epidermal growth factor (rEGF) in the healing and preven-
tion of extremity amputation in advanced diabetic foot ulcer patients.
Study Design: Observational study.
Place and Duration of Study:  Department  of  Cardiovascular  Surgery,  Duzce State Hospital,  Duzce,  Turkey,  between
November 2018 and September 2019.
Methodology: A total of 58 patients with diabetic foot ulcers that were treated at the study place were enrolled. The lesions
were  graded  with  Wagner  Classification  System.  EGF  (75  microg  of  Heberprot-P)  vials  were  stored  at  +4°C  and  cold-chain
requirements were followed. EGF 5 mL was dissolved with 0.09% saline solution; and 0.5-1 ml of the solution was injected into
the tissues and edge of the lesions regularly. The data was evaluated at the end of two years of the treatment period. The
primary objective was wound healing, formation of granulation tissue; and the secondary objective was the prevention of lower
extremity amputation.
Results: Diabetic foot ulcers wound healing was achieved in 93.1% (n=54) of patients with the formation of granulation tissue.
The complete recovery was observed in 94.1% (n=32) of the patients who had Grade III and IV lesions. Lower extremity ampu-
tation  was  performed  in  two  (3.4%)  subjects.  The  lesions  of  two  patients  required  flap  surgery.  The  most  common  adverse
events were tremor and syncope.
Conclusion: Recombinant epidermal growth factor is highly effective for the treatment of diabetic foot ulcers and prevention
of  extremity  amputation.  Intralesional  rEGf  provides  efficient  and  safe  wound  healing/closure  in  patients  with  diabetic  foot
ulcers.
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INTRODUCTION

Topical and intralesional forms of rhEGF are widely used in the
treatment of DFUs. Despite the appropriate medical treatment
(antibiotics, surgery, and hyperbaric oxygen), wound dressing
and  debridement,  diabetes  mellitus  (DM)  is  still  one  of  the
leading causes of non-traumatic lower extremity amputation.1
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Diabetic foot ulcers are an important cause of non-traumatic
lower extremity amputations. It is estimated that 19–34% of
individuals with diabetes mellitus are likely to develop DFU in
the rest of their life. Lower extremity infections are the most
common reason for hospitalisation in patients with diabetes
mellitus. The cure with standard care is possible only in 45%
of DFU patients.1,2 In previous research, it was emphasised
that patients with diabetic foot pathologies fear major lower-
extremity  amputation more than death,  foot  infection,  or
end-stage renal disease.3 In a systematic review, the annual
extremity amputation rate was reported as 5% and five-year
mortality  rates  for  ischemic  and  neuropathic  ulcers  were
55% and 45%, respectively.4

Glycation process and advanced glycation end products (AGEs)
are the main reasons in the development of various diseases
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and their  complications such as Type II  DM, cardio-vascular
disorders,  osteoporosis  and  arthritis.5,6  Glycation  interferes
with the major functions of regulatory enzymes and membrane
systems and it is believed that AGEs have a negative impact on
metabolic processes. AGEs lead to systemic inflammation and
oxidative stress via binding AGE receptors expressed by inflam-
matory cells. They activate the release of interleukin-1, inter-
leukin-6,  tumour  necrosis  factor  α  (TNF-α)  and  insulin-like
growth-factor-1  (IGF-1)  by  monocytes  and  macrophages.
Several  adhesion molecules,  such as vascular  cell  adhesion
molecule -1 (VCAM-1) and intracellular adhesion molecule, 1
(ICAM-1)  that  are  synthesised  by  endothelial  cells  lead  to
endothelial inflammation. AGEs also have a role in nitrosative
stress via the activation of the inducible nitric oxide synthase
(NOS). These mediators cause an increase in insulin resistance
and exacerbation of hyperglycemia which leads to a vicious
cycle.7,8

The  wound-healing  effect  of  the  EGF  has  inflammatory,
fibroblastic  and repair  phases.  As  a  mitogenic  peptide,  EGF
starts to show its effect at the end of the inflammatory phase
and induces the fibroblast formation after the stimulation of
granulation tissue formation and epithelisation. EGF also initi-
ates  the  DNS  synthesis  and  cell  production  and  activates
protein synthesis.9

The rhEGF treatment has first been approved in Cuba in 2006.
Studies showed that rhEGF facilitates the wound healing and
accelerates the regulation of mRNA in newly formed tissues;
and it reduces the hypoxia, inflammation and oxidative stress in
DFUs and mediates the genetic alterations which induce cell
proliferation, collagen synthesis and re-formation of the extra-
cellular matrix and 80% of granulation tissue formation was
demonstrated in clinical studies.10,11

Current evidence shows a decrease in growth factors, particu-
larly in EGF and in diabetic foot wounds, one should bear in mind
that  EGF  also  has  an  angiogenic  effect  which  supports  the
growth of the vascular network in the lesions.12

The objective of the present study was to evaluate the role of the
intralesional  recombinant  epidermal  growth  factor  in  the
healing  and  the  prevention  of  extremity  amputation  in
advanced diabetic foot ulcer patients. The authors have evalu-
ated the efficacy and safety of the intralesional rhEGF treat-
ment in DFU healing and the prevention of LEA (lower extremity
amputation) and presented the data from the largest single--
centre patient population group in Turkey.

METHODOLOGY

The  current  research  was  conducted  as  a  multidisciplinary
approach in the Department of Cardiovascular Surgery, Plastic
and Reconstructive Surgery, Infectious Diseases and Clinical
Microbiology of Duzce State Hospital, Turkey. A total of 58 indivi-
duals with Type II diabetes mellitus (T2DM), that have been
admitted to the clinic between November 2018 to September
2019, have been enrolled in the analysis.

The  study  population  consisted  of  subjects  who  have  been
administered  intralesional  recombinant  epidermal  growth
factor (rhEGF). Patients with cancer, who have a life expectancy
of  less  than  one  year,  dermal  and  subdermal  infections,
osteomyelitis,  renal  failure  and  hepatic  failure;  patients
receiving corticosteroids and immunosuppressive agents and
patients who had Wagner Grade V CFUs were excluded from the
study.  The  lesions  were  graded  with  Wagner  Classification
System.

Patients were monitored by cardiovascular surgery, infectious
diseases and clinical microbiology departments. Endocrinology
clinic followed the patients for the regulation of blood glucose
levels.

EGF (75 microg of Heberprot-P) vials were stored at +4°C and
cold-chain requirements were followed. EGF 5 mL was dissolved
with 0.09% saline solution and 0.5-1 ml of  the solution was
injected into the tissues and edge of the lesions regularly. The
clinical improvement was monitored.

Ampicillin-sulbactam was given to the patients who had signs of
wound infection. The samples were taken from lesions for cultiva-
tion and antibiotic treatments were applied according to test
results.  Concomitant  antibiotics  and  intralesional  EGF  were
administered throughout the course of treatment in patients who
require antibiotic cure. Intralesional EGF (Heberprot b 75 µg)
injection has been conducted to the edges of the lesions from 1 to
8 weeks (2-3 times per week). The sterile wound dressing has
been  practised  after  each  injection  and  appropriate  sterile
debridement has been carried out, when necessary.

The size of the lesions was recorded at the first admission and
after the treatment period. The ulceration area was recorded as
cm2 digitally with Scion Image (NIH Image, Version 1.52; National
Institutes of Health; Bethesda, MD) software.

The enrolled patients have been investigated via doppler USG,
CT and MR angio. Individuals have also received medical treat-
ment before the injection of intralesional rhEGF. The logic behind
this initial treatment can be elaborated as utilising all possible
options and position intralsional rhEGF in uncured diabetic ulcer
cases.

The study results were concluded after the evaluation of two-
year data retrospectively. The healing criteria has been desig-
nated as the formation of the granulation tissue and the reduc-
tion in the size of the lesion area prior to and after the injection.

All the patients were informed about the procedure in detail and
provided  written  informed  consent  at  enrollment.  The  study
protocol was reviewed and approved by the Institutional Ethics
Committee (17.09.2018-2018/174-Duzce University).

The data was collected and analysed with IBM software SPSS
version 22.  The qualitative data were given as numbers and
proportions, while quantitative as mean ± SD and median (IQR:
25th percentile-75th percentile). Wilcoxon sign rank test was
used to compare wound sizes before and after the procedure. A
p-value of <0.05 is considered as statistically significant.
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RESULTS

The mean age of the study population was 66.12 ± 5.55 years
with a median disease duration of 15 (13-19) years. Gender
distribution was quite even as 43.1% (n=25) of the subjects
were  male.  Diabetic  foot  ulcerations  were  present  approxi-
mately for 4 (3-8) months. Peripheric vascular disease was the
most prominent disorder as 62.1% (n=36) in the initial phase.
Renal failure has been observed in 10.3% (n=6), infection in
10.3%  (n=6)  and  previous  balloon  angioplasty,  by-pass
(peripheral) in 15.5% (n=9) of the cases. Baseline characteris-
tics of patients are summarised in Table I.

Table I: Baseline characteristics of the study population and efficacy
results characteristics.

Age (years) mean ± SD 66.12±5.55

Gender (male) 25 (43.1%)

Duration of diabetes (years), (median) 15 (13-19)

Duration DFU (months), (median) 4 (3-8)

Renal failure 6 (10.3%)

PVD 36 (62.1%)

Balloon angioplasty, by-pass (periferik) 9 15.5%)

Infection 6 (10.3%)

Outcome  

Pre wound size (cm2), (median), (IQR) 15.2 (12.1-18.4)

Post wound size (cm2), (median), (IQR) 3.3 (2.2-4.6)

End of follow period (months) 24

Outcome  

Complete healing (>75%) 54 (93.1)

Complete healing (Wagner IIIveIV) 32/34 (94.1%)

DFU: Diabetic foot ulcer, PVD: Peripheral vascular disease.

Table II: Bacteria isolated from diabetic ulcers.

Agent N%

Gram-positive cocci 4

Staphylococcus aureus 4

Methicillin sensitive 2

Methicillin-resistant 2

Gram-negative bacilli 6

Pseudomonas aeruginosa 2

Proteus spp. 1

P. mirabilis 1

Klebsiella pneumoniae 2

Total 10 (100%)

Complete healing was observed with rhEGF in 32 patients with
Grade III or IV lesions (94.1%). Only 2 out of 34 patients with
Wagner Grade III or IV underwent LEA (5.9%). Both patients had
chronic renal failure. The lesions of 2 patients with Grade III ve IV
were treated with Flap Surgery. Recurrence of the lesions was
observed in 2 patients. The decrease in the size of the lesion
between  pre-  (wound  size  cm2=15.2)  and  post-application
(wound size cm2=3.3) was statistically significant (p <0.001).

Different microorganisms were isolated from the lesions via
cultuvation.  Two  patients  had  infection  with  pseudomonas
aeruginosa.  Despite  the  appropriate  treatment  given,  one
patient has undergone LEA (Table II).

Diabetic  foot  ulcers  wound  healing  was  achieved  in  93.1%
(n=54) of patients with the formation of granulation tissue. The
complete  recovery  was  observed  in  94.1%  (n=32)  of  the
patients who had Grade III and IV lesions. Lower extremity ampu-
tation was performed in two (3.4%) subjects. The lesions of two
patients  required  flap  surgery.  The  most  common  adverse
events were tremor and syncope.

The  most  common  adverse  events  during  intralesional  EGF
application were tremor, near syncope, pain and rash.

DISCUSSION
Effective metabolic control in diabetic patients plays a key role in
the treatment of DFU. Revascularisation, balloon angioplasty,
stent and by-pass surgery are inevitable treatment modalities
with the development of complications. Despite advancements
in these treatment options, secondary treatment modalities like
infection  control,  wound  dressing/debridement,  hyperbaric
oxygen/ozone therapy and negative pressure wound therapies
should  be  utilised  in  necessary  cases.  RhEGF  has  shown  in
successful outcomes as an expensive treatment option.

It  is  unfortunate that limited number of high-quality studies
have been published in wound care up-to-date. Most studies
have an insufficient number of patients, short follow-up periods
and not well-designed control groups. In a randomised, double-
blind, controlled study 149 patients with Wagner III ve IV lesions
were randomised into EGF (8 weeks – 3 weeks, 75 or 25μg) and
placebo arms. The 83% granulation formation has been demon-
strated at week two in patients who received EGF 75μg, which
was 39% in the control arm. The complete response was 52% in
the control arm; whereas, it was 52% and 75% in patients who
received 25μg and 75μg, respectively in the treatment arm at
week 5.13 The prevention rate of the LEA was reported as 58.6%
in  a  clinical  study  conducted  in  2006.14  In  a  review,  which
summarised the available clinical information of 2000 patients
who received intralesional rhEGF for advanced DFU showed a
71% relative reduction of the risk of amputation.15

There were a considerably high number of studies evaluating
the DFUs and its treatment with rhEGF. The common results of
these studies could be stated as the positive effect of rhEGF on
tissue healing, reducing the recurrence of chronic refractory
DFUs and preventing LEA. Despite all these unaddressed situa-

http://tureng.com/tr/turkce-ingilizce/balloon%20angioplasty
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tions, there is no consensus on the dosage and the treatment
duration of EGF. The results of previous research has desig-
nated that granulation formation and the closure of the ulcer
were achieved in early weeks of the treatment and healing with
75μg (2 to 8 weeks; 2-3 per week).13,15,16

Despite the positive results and recommendations of current
clinical data, (considering the short duration of patient follow-
up – several months), better outcomes should be supported by
the long-term efficacy and safety results of rhEGF for a better
understanding.

It  was  demonstrated  that  the  frequency  of  amputation
increased with the thickening of the ulcer and advanced stage,
leading to amputation risk (11 times in ulcers progressing to the
bone and 90 times in cases with co-infection and ischemia). In
addition, it has been reported that Wagner Staging is an inde-
pendent risk factor.17

Existing ulcers should be treated aggressively at an early stage
to prevent DFUs. The aim of the clinician should be eradicating
the occurrence of the advanced stage after repeated mechan-
ical stress, thermal or mechanical injury leading to reduced inci-
dence of amputation. Inefficient fasting blood glucose regula-
tion, lipid control, renal failure, cardiac complications, ischemic
and  neuropathic  peripheral  vascular  disease  complications
derive  the  medical  team  to  work  with  a  multidisciplinary
approach.

Standard topical  rhEGF may help heal  DFUs during the first
weeks  of  treatment.  While  topical  administration  can  heal
ulcers with Wagner Grade II or III DFUs, intralesional rhEGF injec-
tion remains a good treatment option for more severe ulcers.
The epidermal growth factor is more effective in Wagner III and
IV DFUs. Lower extremity amputation rate is higher in these
patients because complex clinical and pathological features of
DFUs  make  wound  healing  difficult  with  standard  therapy
options.18

In this study, granulation formation and wound healing were
achieved at a significant rate (94.1%) in patients with Wagner III
and IV DFUs. Thus, III and IV patients with a high amputation rate
were not amputated, and significant quality of life improvement
has been observed (Figures 1 and 2).

Although  the  application  of  intralesional  EGF  to  the  wound
edges is easy and practical, it is quite an expensive treatment
method. Considering the costs related with diabetes and its
complications, the authors believe that intralesional EGF should
be  a  preferred  treatment  approach  for  DFUs  as  it  prevents
relapses, reduces extremity amputations and most importantly
improves the quality of life of patients.

In addition, the intralesional application has an impact in deeper
layers  compared  to  topical  application.  Patients  can  easily
tolerate mild side effects during application.  Intralesional  EGF
treatment should not be considered as an alternative to standard
revascularisation or debridement and antibiotherapy. After the
occurrence revascularisation in  diabetic  patients,  intralesional

EGF application should be performed together  with  metabolic
control, antibiotherapy and wound care/debridement.

The relatively low number of patients may be considered as a
limiting factor in this study. Another item can be referred to the
study design as it was not randomised and prospective. On the
other  hand,  the  current  study  was  the  largest  single-centre
patient population group in Turkey.

Figure 1: (A) Grade 4 DFU at admission, (B) Post rfEGF application, week 4,
(C) Complete closure of Grade 4 DFU at week 8.

Figure 2: (A) Grade 4 lesion of a patient at admission, (B) Healed wound at
week 8.
 

CONCLUSION
The recombinant epidermal growth factor is highly effective for
the treatment of diabetic foot ulcers and prevention of extremity
amputation. Intralesional recombinant epidermal growth factor
provides efficient and safe wound healing/closure in patients with
diabetic foot ulcers.
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