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Background: Treatment of complex diabetic foot ulcers (DFU) with intra- and peri-lesional injection of recombinant human epidermal growth factor
(rhEGF) has been safe and effective in clinical trials. Here, we report results on the efficacy and safety of this treatment in South Africa.
Methods: A case series of 24 patients with DFU was conducted in a tertiary hospital in Tshwane, South Africa. Patients were treated between 1 March
and 15 December 2019; with good wound care (GWC) and rhEGF through section 21 (compassionate care using an unregistered medicine). The rhEGF
was administered intra- and peri-lesional, three times a week. The evolution of their ulcers was monitored and documented.
Results: Twenty-two of the 24 patients completed treatment, but all patients’ wounds/ulcers were analysed and the outcomes reported. Satisfactory
granulation was noticed in the two patients who withdrew. Complete granulation response and wound closure were observed in the 22 patients who
completed treatment, demonstrating a treatment efficacy of 91.7%. Most (88%) reported adverse events (AEs) were mild. Serious AEs were observed
in two patients, and none were judged to be directly related to the treatment.
Conclusion: This case series demonstrates that intervention with rhEGF in complex DFU has a 91.7% efficacy in a sample of South African patients,
and was well tolerated. This treatment regimen suggests a milestone in the management of a complication of diabetes. It could be the answer to the
high rates of amputations that plaque patients presenting with DFU.
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Introduction

the highest prevalence in Africa, with 4.6 million people with DM.11

Diabetes mellitus (DM) represents a global health problem and is a
significant risk factor for other diseases of vascular origin that are among
the leading causes of death.1,2 More than 463 million adults suffer from
DM, and 578 million have been estimated by 2030.3 The diabetic foot
ulcer (DFU) is one of the most harmful complications of DM.4,5 DF, a
complex pathology, defined as a neuropathic etiopathogenic-based
clinical alteration induced by sustained hyperglycaemia, in which, with
or without coexistence of ischaemia and previous traumatic trigger,
produces injury or ulceration of the foot.5

DFU has been identified in 28% of diabetic patients in South Africa at
primary healthcare services,12 and studies conducted in this country
have found a growing trend of DM prevalence, as an important cause
of non-traumatic amputations.13,14 Efficacy and reproducibility of
treatments for healing DFU have been low, and reported results come
from interventions in neuropathic and small-sized lesions.15,16 Safe and
effective treatments of DFU are urgently needed.
Treatment of complex DFU with intra- and peri-lesional injection of
recombinant human epidermal growth factor (rhEGF) (Heberprot-P®,

Foot ulceration is a significant complication of DM with an annual
incidence slightly higher than 2%, which ranges between 5–7.5% in
those with peripheral neuropathy.6 The prevalence of diabetic foot
reported in several populations is between 2–10%.7 An estimated 15%
of patients with DM develop ulcers at some point in life,8 and 10–30%
of diabetic patients with ulcers progress to amputation. An important
factor contributing to this unfavourable outcome is ulcer infection – 60%
of amputations are preceded by infected ulcers,9 and a 5-year mortality
rate of 50–60.0% has been observed after lower limb amputation.10

CIGB, La Habana) has been safe and effective in a randomised, placebocontrolled, double-blind clinical trial.17 Post-marketing information from
2 702 patients confirmed results obtained in clinical trials.18,19 These
results led us to hypothesise that wound closure would be observed in
more than 90% of patients, and major amputation would be indicated
in less than 5%, without serious adverse events (AEs) in South African
patients, after treatment of DFU with rhEGF and good wound care
(GWC). Following this line of reasoning, we conducted a case series in 24

In Africa, 19 million adults aged 20–79 years suffer from DM, which
has been estimated to increase to 47 million by 2045. South Africa has

patients with DFU grades 3 and 4, according to Wagner’s classification,20
in a South African hospital.
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Methods
Trial oversight
Patients with complicated DFU and non-healing ulcers were selected
and treated with rhEGF in a South African health institution. The
treatment protocol was initiated after approval was obtained from The
South African Health Products Regulatory Authority (SAHPRA) through
Section 21 of the Medicines and Related Substance Act, Act 101 of
1965 as amended.14 SAHPRA’s guidelines were observed, and so were
principles for medical intervention in humans established in the Helsinki
Declaration amended by the 52nd General Assembly in Edinburgh,
Scotland, October 2000, including the clarifications of paragraph 29 in
Washington 2002, as agreed by the 59th Assembly of the World Medical
Association in October 2008 and approved at Fortaleza, Brazil 2013.
Authors assume responsibility for the accuracy and completeness of the
data and analyses and the fidelity of this report and case presentation.

Figure 1: Intra- and peri-lesional injection of rhEGF 75 μg into the diabetic foot
ulcer

and then deeply downward into the wound bottom in circles and
centripetally to ensure a uniform distribution (Figure 1). Wounds were
dressed with sterile gauze, and all patients were seen at follow-up visits
three times per week until the end of the trial. No other dressing was
used. An active search was conducted for AEs, and all medical incidents
occurring from the administration of the first dose of rhEGF were
considered as such. All serious AEs and suspected drug-related AEs
were recorded from the first day of treatment.

Patients
Twenty-four patients aged ≥ 18 years, with type 1 or 2 DM, complex
DFU, 16 with neuropathic and eight having ischaemic/infective
aetiology; most at risk of amputation, and having understood and
signed informed consent for the use of unregistered medicine were
selected. Patients were invited to participate when a suitable case was
identified.

Outcomes

Evaluation

The primary outcomes expected were wound granulation, reduction in
ulcer size and depth, complete closure, tolerance of the treatment and
AEs. The secondary outcomes were time to complete granulation, time
to complete wound closure, time to closure by skin graft, treatment
failure and need for amputation, and type of amputation. All patients
were analysed, whether or not they completed the treatment protocol.
AEs were classified as mild, where no therapy was necessary; moderate,
if specific treatment was needed; and severe, in case of life-threatening
reactions, need for hospitalisation or prolonged hospitalisation in those
already admitted, and death. Type, duration, intensity, severity, and
causal relationship of AEs were recorded.

All patients were evaluated with blood investigations: urea and
electrolytes, creatinine, random blood glucose, full blood count, HBA1C,
C- reactive protein (CRP), the neutrophil-lymphocytes and lymphocytesplatelets indexes, which are considered predictive markers of healing
with the use of rhEGF, were analysed upon admission of patients; X-rays
of the chest and affected limb, echocardiogram. Any patient with
features or suspicion of peripheral arterial occlusive disorder was further
evaluated with arterial Doppler and CT angiography when indicated.
Treatment protocol
The treatment protocol started with an evaluation of metabolic
changes, presence and severity of infection and assessment of arterial
occlusive disease. Patients included in the treatment protocol were
evaluated and followed up, as stipulated, in compliance with the intentto-treat analysis. Patients who withdrew or who were withdrawn from
the treatment were not replaced; they continued to be offered GWC
and further management through the hospital’s wound clinic. When
a patient had more than one ulcer, the largest one was chosen for
treatment with rhEGF, and lesions less than two cm were only treated
with GWC. Patients with a critical degree of ischaemia were included
after vascular intervention. Infectious processes affecting lesions were
treated before including each patient in the protocol. The standard of
care and GWC were continued with the use of rhEGF.

Statistical analysis
Continuous variables were expressed as mean ± standard deviation
(SD) or median (25th and 75th percentiles). Categorical variables were
given as absolute values and percentages. Absolute frequency, per
cent of granulation, and wound closure were estimated in categories:
satisfactory and unsatisfactory. Normality (QQPlot) and fitness tests
(Shapiro–Wilk and Kolmogorov–Smirnov) were performed to verify
if data were uncorrelated with one another and came from a normal
distribution, and if random components had fixed variation. Evaluation
of safety was performed from frequency of patients with AEs. Twosided p-values of 0.05 or less were considered to indicate statistical
significance. The Bayes factor test was used for benefit-risk ratio analysis,
considering wound closure as benefit criterion, and amputation and
interruption due to AE as risk criteria.21,22

Trial procedures
Participants received rhEGF 75 μg, intra- and peri-lesional, three times
per week on alternate days, for a maximum of eight weeks, and GWC.
Lyophilised rhEGF was dissolved with 5 ml of water for injection, and
injected using a standard disposable syringe with either a 22 G or 25 G
x 0.5” insulin needle (5–10 injections of 0.5–1 ml), first into the dermoepidermal junction at equidistant points all over the lesion contours,
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Characteristics of the patients
From March to December 2019, a total of 24 patients with complicated
DFU were treated using rhEGF, through section 21 compassionate
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Table I: Demographic and baseline characteristics of patients
Characteristics

Table III: Distribution of patients according to response to treatment with
rhEGF

n

%

24

100

Response to treatment

Sex

n

%

24

100

Male

22

91.7

Granulation response

Female

2

8.3

Yes

23

95.8

No

1

4.2

Age (years)
Mean ± SD

60 ± 11

Complete closure

Median ± QR

57 ± 12

Yes

22

91.7

(Minimum; Maximum)

(49; 94)

No

2

8.3

Diabetes type

Table IV: Characteristic of lesions according to surgical procedures

Type 1

1

4.2

Type 2

23

95.8

Characteristic

Diabetes evolution time (years)
Mean ± SD

12.2 ± 8

Median ± QR

10. ± 9

(Minimum; Maximum)

(0*; 35)
15

Yes

62.5

Insulin

12

50

Sulfonylureas

1

4.2

Table II: Distribution of included patients according to characteristics of
lesions
n

%

91.7

24

100

Right

18

75

Left

6

25

Toe

11

45.8

Sole

8

33.3

Dorsum

3

12.5

Transmetatarsal

2

8.3

Calcaneus

1

4.2

Internal edge

1

4.2

Extreme edge

1

4.2

Median ± QR

9.6 ± 27.3

(Minimum; Maximum)

(0.8; 101)

60 ± 83
(7; 365)

Disarticulation

3

13.6

Transmetatarsal

1

4.5

Without change

16

66.7

Femoropopliteal

6

25

Distal

2

8.3

Yes

13

54.2

No

11

45.8

5

20.8

19

79.2

Yes

3

12.5

No

21

87.5

Treatment was completed in 23 (95.8%) patients. One patient withdrew
from the study, signed himself out of the hospital and apparently
resulted in a below-knee amputation several weeks later in another
hospital; he cited personal family issues for his decision to withdraw
from treatment. Satisfactory granulation response was achieved in all
patients that completed the treatment (Table III). Wound closure was
obtained in 22 patients (91.7%), at a mean time of 12.6 weeks, and a

care. The predominant sex was male, with 22 patients (91.7%). Most
patients were black Africans (54.2%), type 2 DM (95.8%), and on oral
hypoglycemic agents.

Wound Healing Southern Africa

Yes
No

Follow-up and outcomes

112 ± 125

(Minimum; Maximum)

22.7

Twenty out of 24 patients (83.3%) had associated comorbidities, with
arterial hypertension as the predominant pathology. The lower right
limb was the most affected (75.0%), predominant ulcer locations were
the toe (45.8%), sole (33.3%), and dorsum of the foot (12.5%). The
mean DFU size was 19.1 ± 23.2 cm2, and the mean wound evolution
time was 112.0 ± 125.0 days, with a maximum of 365 days (Table II).
Lesions treated in 83.3% of patients were deep grade 3, according to
the Wagner classification, with bone and tendon exposures, and 20.8%
corresponded to type B II, according to the Texas classification.

Wound evolution time (day)
Median ± QR

59.1

5

Revascularisation

Wound area (cm2)
19.1 ± 23.2

13

Osteomyelitis

Wound location

Mean ± SD

Toilette
Toilette + disarticulation

Infection

Affected lower limb

Mean ± SD

22

Occlusive type patterns

* Diabetes evolution time: one patient with one month of evolution

Characteristics

%
100

Indication of minor surgical procedures

Glucose control treatment (%)
Metformin

n
24
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Table V: Distribution of interventions with rhEGF according to DFU severity
Applications

Neuropathic

Neuroischaemic

Total

16

8

24

Mean ± SD

9.0 ± 8.0

12.0 ± 6.0

10.0 ± 7.0

Median ± QR

6.0 ± 15.0

12.0 ± 11.0

8 ± 14.0

(Minimum; Maximum)

(1.0; 24.0)

(3.0; 22.0)

(1.0; 24.0)

n

maximum of 19.7 weeks. Closure time was higher in neuroischaemic
(14.6 ± 2.6 weeks) than in neuropathic patients (11.7 ± 2.4 weeks). There
were no major amputations, and no recurrence of ulcers up to a year
in 18 patients following treatment. Four patients were lost to follow-up
after six months.

A

During treatment, a significant number of patients needed surgical
procedures (Table IV). Debridement was performed in 59.1% of patients,
followed by limited amputations of toes and forefoot (22.7%). Three
revascularisations were performed, which presented a femoropopliteal
occlusive pattern detected by physical examination, and arteriography,
with satisfactory results. There were more injections of rhEGF in
neuroischaemic (9 ± 8) than in neuropathic patients (12 ± 6).

C

Complete closure response was satisfactory in 91.7% of patients. In
neuropathic patients, the mean closure time was 11.7 ± 2.4 weeks, and
in neuroischaemic cases, 14.6 ± 2.6 weeks. Bayes factor, representing
the ratio of the likelihood of benefit (red) to the likelihood of risk (blue),
was 11.5, representing more evidence in favour of the benefit of the
treatment with rhEGF. In both neuropathic and ischaemic patients, the
absence of interceptions between probability distribution functions for
benefit (wound closure) and risk (amputation and interruption) were
observed (Figure 2).

B

D

Figure 3: (A) First day of intervention with rhEGF, (B) application 16 and end of
treatment, (C) type Davis skin graft, and (D) complete closure at day 45
Table VI: Frequency of adverse events
Adverse events

n

%

Total

24

100

Patients with at least one AE

6

25

Total AE

9

100

Pain at administration site (4)

5

55.5

Local infection (2)

2

22.2

Tremors (1)

2

22.2

Light

8

88.9

Moderate

1

11.1

No serious

7

77.8

Serious

2

22.2

Type of AE (n)

Intensity of AE

Severity of AE

Benefit: Complete closure (22/24)
Risk: Interruption of the treatment for any cause (2/24)
Distributions beta a priori
Population 1
Population 2
----------------------------		-----------		----------Parameter a 		
22.0		
2.0
Parameter b		
2.0		
22.0
----------------------------		-----------		----------Mean			
0.92		
0.08
Standard deviation		
0.06		
0.06

We present two examples of patients with complex DFU treated
with the medicine (Figures 3 and 4). The first is a 64-year-old male
with diabetes for 19 years on metformin. He presented five months
before the introduction of rhEGF with septic ulcers on the second
and third toes; the patient (reluctant to have toe amputation) had
several debridements, challenging to manage sepsis even after the
toes were ultimately amputated, and GWC in hospital. He later had a
transmetatarsal amputation and was offered rhEGF treatment as soon

Figure 2: Risk-benefit analysis (Bayes factor = 11.5) of patients treated with
rhEGF, benefit (red; wound closure) and risk (blue; amputations and treatment
interruption due to adverse events) probability distributions of the outcome of
patients treated with intra-lesional rhEGF
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complete closure was obtained in 91.7% of patients, with a total of 9 ±
8 interventions in neuropathic patients, and 12 ± 8 in neuroischaemic
patients, without major amputations. It is interesting to note that three
patients with neuroischaemic DFU with previous revascularisation,
complete closure was achieved. This type of lesion usually heals after
5–16 months, which shows in these cases that the intervention with
intra- and peri-lesional infiltration of rhEGF significantly reduces the
closing time after revascularisation.
Treatment protocols for diabetic foot include metabolic control,
debridement, treatment in a humid environment, dressings, relief of
local pressure, antimicrobial treatment of infection, growth factors, and
revascularisation methods. These components of treatment protocols
have shown advantages, but healing of these lesions is slow, and
recurrence is usually high in the first year after healing. Relapse rates
reported in the literature are higher than 30%.23,24 Recurrence in the
United Kingdom has been reported at 50–70%, after one-year followup.25 This represents a serious problem since delayed healing and
recurrence are predisposing factors for infection and amputation, in
addition to personal, family, social and health costs associated with an
open lesion.

B

A

In a study conducted in a district hospital of KwaZulu-Natal in South
Africa, lower-limb amputations due to DM were reported in 660
patients, which represented an annual cost higher than 398 million
ZAR.26 Personal, family and socioeconomic costs higher than 5 million
ZAR per amputees were estimated, resulting in an additional cost of
6 155 million ZAR per year for KwaZulu-Natal. Extrapolation of these data
to 11 provinces of South Africa represents an additional cost of at least
68 billion ZAR. Therefore, timely treatment of DFU with effective actions
and healthcare reduces healing time, amputations, and hospitalisation
costs and increases patients’ quality of life.

D

C
Figure 4: (A) Initial wound, (B) after surgical intervention and first day of
treatment with rhEGF, (C) tissue granulation and epithelisation after 22
applications, and (D) healed wound

It should be noted that intra- and peri-lesional application of rhEGF is a
first-in-class treatment and has been indicated for initial and advanced
stages of DFU of ischaemic and neuropathic aetiology. The intervention
with rhEGF stimulates granulation and accelerates healing of DFU,
reduces debridement and recurrence, effectively counteracts ageing
of fibroblasts present in ulcers, and stimulates their proliferation. This
treatment reduces hospital stays by being able to treat injuries on an
outpatient basis and makes the reincorporation of patients into society
possible.

as it was available and section 21 permission obtained. The patient
had 16 injections over five weeks, with complete granulation skin
graft possible. This patient was facing a below-knee amputation and
achieved wound closure in 45 days of rhEGF treatment and GWC.
The second patient was a 55-year-old male with undiagnosed type
two DM, presenting to the surgery clinic with an ulcer (area 55 cm2)
on the dorsum of the right foot affecting the second, third, and fourth
toes. After amputation of the affected toes, rhEGF intervention was
performed. Complete granulation response was achieved in 10 weeks
with 22 rhEGF injections; complete wound closure was achieved in 12
weeks.

Limitations of study
This work aimed to provide a case series of the intervention with rhEGF
in complex DFU. This was intended to demonstrate the efficacy and
safety of a treatment that has been used in many countries since 2006,
when it was approved in Cuba. No statistical sample size calculation was
performed a priori, and it was equal to the number of patients treated
during the case series, which is an important limitation of the study. The
present case series is limited by the small number of patients and the
absence of a control group for comparison. Although a higher sample
size would have yielded more certainty for the interpretation of results,
a population of 24 patients with complex DFU at risk of amputation
seems to be enough for drawing relevant conclusions and designing
further clinical trials in South Africa including more patients and a
longer duration of follow-up. Despite these limitations, this case series

Safety
AEs (9) are listed in Table VI. The most frequent AEs were pain at the
injection site (55.5%), local infection (22.2%), shivers, and chills (22.2%).
More than 88% of AEs were classified as mild, 11.1% as moderate
intensity, and none were attributable to the treatment with rhEGF. Nonserious AEs accounted for 77.8%, and serious AEs were reported in two
patients (local infection) who required hospitalisation.

Discussion
Results obtained in this case series report support the hypothesis
of the efficacy and safety of the treatment of DFU with rhEGF, since
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reinforced the argument in favour of intra-lesional administration of
rhEGF to improve healing of chronic DFU.

9.

Conclusion

10.

The safety and efficacy of the intervention with rhEGF were demonstrated in 24 patients with complex DFU. An efficacy of 91.7% in the
treatment of DFU grade 3 and 4, with complete wound closure in less
than 15 weeks, and serious AEs in two out of 24 patients represents a
significant advance in the treatment of this devastating disease. Finally,
implementing this method in South Africa could be the starting point
to reducing the amputation rate and health costs in the management
of DFU, which may allow relocating resources to other health priorities.
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