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Introduction

Partial-thickness burn wounds, which are burns from the epidermal layer to the der-
mal layer, are commonly seen in clinical practice [1]. Such wounds are not life-threat-
ening and can be cured with standard wound care. However, if wound healing is im-
paired, it can lead to hypertrophic scarring which can significantly undermine the 
quality of life [2]. For treatment of partial-thickness burns, whether surgery should be 
performed at an early stage or delayed until dermal components are regenerated is of-
ten not easy to determine. In 1983, Engrav et al. [3] concluded that in dermal burns 
covering less than 20% of the total body surface area, early excision and grafting is the 
preferred treatment, as it results in less hypertrophic scarring. Recently, many studies 
have reported that conservative treatment using various advanced therapies is effec-
tive for partial-thickness burn wound healing [4-12].

Biological wound healing therapies are aimed at promoting wound healing [13]. 
Biological dressings prevent fluid loss, heat loss, and protein and electrolyte loss. They 
allow autolytic debridement and help develop granulation tissue. Such therapies in-
clude biological skin equivalents, growth factors, and tissue engineering.
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Abstract

Background: Cultured allogenic keratinocyte (CAK) and epidermal growth factor (EGF) are commonly used biological treatments for partial-
thickness burn wounds. A comparative study was conducted on whether the combination therapy of CAK and EGF promotes partial-thick-
ness burn wound healing.
Methods: From January 2020 to March 2021, 73 patients who visited the hospital with partial-thickness burns were enrolled in the study. 
Patients were treated with CAK (Kaloderm) (n=20), EGF (Easyef) (n=17), and CAK+EGF (n=24). Wound healing rate, time to heal, factors 
affecting wound healing (age, sex, underlying disease, mode of injury, location of injury, initial wound size), and scarring were comparatively 
analyzed.
Results: The wound healing rate for 20 days was 85% (17/20) in the CAK group, 88% (15/17) in the EGF group, and 92% (22/24) in the 
CAK+EGF group. The average healing time was 11.0±6.0 days, with the CAK group taking 12.6±5.5 days, EGF group taking 11.5±6.0 
days, and CAK+EGF group taking 9.0±6.3 days. The patients who received CAK+EGF treatment had higher hazard than the patients with-
out CAK+EGF treatment (hazard ratio, 2.078; 95% confidence interval, 1.021–4.228). Smaller wound size <5 cm2 (hazard ratio, 2.869; 
95% confidence interval, 1.426–5.773) was associated with complete wound healing. Though statistically insignificant (P=0.218), less 
scars occurred in the CAK+EGF group.
Conclusion: Combination therapy of CAK and EGF promotes wound healing in partial-thickness burn wounds.
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Epidermal growth factor (EGF) promotes regeneration of 
damaged epithelium by acting on epithelial cells and fibro-
blasts [14-17]. EGF spray (Easyef) is a 0.005% solution con-
sisting of 1 mL of recombinant human EGF (rhEGF) and 9 
mL of solvent containing 20 mg of methyl parahydroxybenzo-
ate [17]. rhEGF consists of 53 amino acids and is biologically 
equivalent to human EGF.

Cultured allogenic keratinocyte (CAK) derived from neo-
natal foreskin contains one billion epithelial cells on top of a 
single mesh-type Vaseline gauze. It secretes growth factors 
such as transforming growth factor beta, transforming growth 
factor alpha, and basic fibroblast growth factor, and promotes 
wound healing by synthesizing and secreting fibronectin, lam-
inin, thrombospondin, and extracellular matrix proteins in-
volved in epithelial adhesion and migration [4,7,11,18].

CAK and EGF are commonly used biological wound heal-
ing therapies in partial-thickness burn wounds [4,7,12]. While 
the therapeutic effect of each component is well known, the 
combined effect of these two has not yet been verified. This 
study was conducted on the premise that combination therapy 
with CAK and EGF can better promote wound healing than 
applying them separately.

 
Methods

This study was designed as a prospective, randomized clinical 
trial to evaluate the efficacy of combination therapy with CAK 

and EGF in partial-thickness burns. From January 2020 to 
March 2021, 73 patients with partial-thickness burn wounds 
were enrolled in this study. Patients with wound infections, ac-
tive infectious diseases, or systemic diseases that may interfere 
with treatment were excluded. Informed consent was obtained 
from all participants. The study was approved by the Institu-
tional Review Board of Kyung Hee University Hospital (IRB 
file No: 2022-07-021). 

Patients were randomly classified into groups using CAK, 
EGF, and CAK and EGF (Figs. 1-3). CAK (Kaloderm, Tego 
Science) was applied until the wound was completely healed 
and replaced once every 5 to 7 days [4,11]. EGF spray (Easyef, 
Daewoong Pharmaceuticals) was applied once a day for 7 to 
10 days [8]. All wounds received standard wound care such as 
proper cleansing and nonadherent dressings. On days when 
EGF-treated patients did not visit the hospital, they were in-
structed to carefully open the dressing and apply the EGF 
spray. In the CAK+EGF group, we did not remove the applied 
CAK and sprayed the EGF over the CAK. 

The wounds were evaluated once every 2 days until recov-
ery. After healing, the scars were evaluated once a month for 3 
months. The wound size was measured by multiplying the 
width by the length. The primary endpoint was complete clo-
sure of the wound for 20 days, which means 100% re-epitheli-
zation with no wound discharge. The wound healing rate, de-
fined as the percentage of the total number of patients who 
were completely healed by 20 days, and time taken to complete 

Fig. 1. A case treated with cultured allogenic keratinocyte. (A) A 76-year-old female patient sustained scalding burns on the right foot 
dorsum. (B) Seven days after treatment. (C) Complete healing after 9 days.
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wound closure were measured. Changes in the size of the 
wound, overall healing rate, and time taken to complete wound 
closure were measured [16,17]. The scars were scored using 
the Stony Book Scar Evaluation Scale (5, excellent; 4, very 
good; 3, good; 2, fair; and 1, poor) at 3 months after healing.

Statistical analysis was performed using the SPSS software 
for Windows version 15.0 (SPSS Inc.). Continuous variables 
were compared using analysis of variance (ANOVA) or the 
Kruskal-Wallis test. Categorical variables were compared us-
ing the chi-square test or Fisher exact test. The time taken for 
wound healing was compared using Kaplan-Meier analysis. 
Multiple covariates were evaluated using the Cox regression 
analysis. Statistical significance was set at P<0.05. 

Results

Study population 
The patients’ demographic data and wound characteristics are 
summarized in Table 1. Of the total of 73 patients, the study 
was carried out on 61 patients (20 received CAK treatment, 17 
received EGF treatment, and 24 received CAK+EGF treat-
ment) (Fig. 4). The mean age was 35.3±25.0 years and the 

male to female ratio was 32:29. The wounds were located on 
the face (n=23), upper extremities (n=16), lower extremities 
(n=18), and trunk (n=4). With regard to the mode of injury, 
26 were friction burns, 18 were scalding burns, eight were con-
tact burns, six were oil burns, and three were flame burns. 
There was no statistically significant difference in wound char-
acteristics between the three groups. All wounds had deep 
partial-thickness burns, and in many cases, superficial and 
deep partial-thickness burns were mixed.

Wound healing rate and time to heal
Over the span of 20 days, 54 of the 61 patients had complete 

Fig. 2. A case treated with epidermal growth factor. (A) A 
53-year-old female patient sustained a friction burn on the right 
cheek. Deep dermis was partially exposed. (B) Complete healing 
after 7 days.

Fig. 3. A case treated with combination therapy. (A) A 32-year-
old female patient sustained scalding burns on the anterior 
chest. (B) Near complete healing after 9 days. (C) Complete 
healing after 8 weeks. Mild pigmented scar remained; no hyper-
trophic scar occurred.
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healing (89%). The wound healing rates (the percentage of the 
total number of patients who were completely healed by 20 
days) were 85% (17/20), 88% (15/17), and 92% (22/24) in the 
CAK, EGF, and CAK+EGF groups, respectively. The average 
healing time was 11.0±6.0 days, with the CAK group taking 
12.6±5.5 days, EGF group taking 11.5±6.0 days and CAK+ 
EGF group taking 9.0±6.3 days. Comparing wound healing 
time with one-way ANOVA analysis, the CAK group showed 
no significant difference from EGF group (P=0.681), and a 
significant difference from the CAK+EGF group (P=0.048) 
(Table 2). 

Kaplan-Meier plot of time to heal 
When Kaplan-Meier analysis was performed, excellent wound 
healing was observed in the EGF and CAK+EGF groups at the 
20-day evaluation (Fig. 5). The probability of wound healing 
was significantly better in the CAK+EGF group than in the 

CAK group (log-rank test, P=0.042), and there was no statisti-
cally significant difference between the CAK and EGF groups 
(log-rank test, P=0.305).

Cox regression analysis 
Cox professional hazard regression analysis was performed, 
and the following covariates were included in the first model: 
treatment method, age, sex, diabetes mellitus, hypertension, 
mode of injury, location of injury, and initial wound size. Two 
of these continuous covariates were changed to categorical 
variables for Cox regression: age: 1 (≥65 years), 2 (<65 years), 
and initial wound size: 1 (≥5 cm2), 2 (<5 cm2) (Table 3).

For the factors promoting wound healing, the patients who 
received CAK+EGF treatment were associated with better 
wound healing compared to those only with CAK treatment 
(adjusted hazard ratio, 2.078; 95% confidence interval, 1.021–
4.228; P=0.044). Small wound size <5 cm2 (adjusted hazard 
ratio, 2.869; 95% confidence interval, 1.426–5.773; P=0.030) 
also was significantly associated with complete wound healing.

Scar analysis
Scarring occurred less in the CAK+EGF group than in other 
groups, although statistically insignificant (P=0.218). The scar-
ring results at 3 months after healing were 4.0±0.7 points in 
CAK, 4.0±0.5 points in EGF, and 4.3±0.6 points in the CAK+ 
EGF group (Table 2).

Discussion

We evaluated the clinical outcomes of CAK, EGF, and CAK+ 
EGF treatments for partial-thickness burns. Wound healing 
took an average of 9 days in the CAK+EGF group, which was 
significantly shorter than that in the CAK (12.6 days) and EGF 
(11.5 days) groups.

Compared to previous research results, when CAK was ap-
plied to partial-thickness burn wounds, wound healing took 
an average of 12.9 days [4], which was similar to that in our 
study (12.6 days). When CAK was applied once to deep par-
tial-thickness and partial full-thickness burn wounds, the av-
erage wound healing time was 13.4 days [7]. In another study, 
CAK was applied to facial burn wounds, and the average 
wound healing took 11 days [19]. It can be assumed that due 
to the characteristics of the facial area, which is rich in blood 
flow, wound healing took place more actively than in other ar-
eas, resulting in a slight reduction in time.

As for previous EGF studies, Wang et al. [9] demonstrated 

Table 1. Patients’ demographics and wound characteristics

Characteristic
CAK 

(n=20)
EGF 

(n=17)
CAK+EGF 
(n=24)

P-value

Age (yr) 34.1±28.3 37.2±23.0 35.0±22.0 0.700a)

   Age ≥65 yr 5 (25.0) 3 (17.6) 3 (12.5)

Sex 0.400b)

   Male 7 (35.0) 10 (58.8) 15 (62.5)

   Female 13 (65.0) 7 (41.2) 9 (37.5)

Hypertension 2 (10.0) 1 (5.9) 2 (8.3) 0.070b)

Diabetes mellitus 3 (15.0) 0 6 (25.0) 0.500b)

Body mass index (kg/m2) 25.2±4.6 21.0±7.0 23.2±4.3 0.200a)

Mode of injury 0.080b)

   Scalding burn 8 (40.0) 2 (11.8) 8 (33.3)

   Friction burn 8 (40.0) 11 (64.7) 7 (29.2)

   Contact burn 3 (15.0) 3 (17.6) 2 (8.3)

   Oil burn 1 (5.0) 1 (5.9) 4 (16.7)

   Flame burn 0 0 3 (12.5)

Location 0.700b)

   Face 5 (25.0) 8 (47.1) 10 (41.7)

   Upper extremity 8 (40.0) 3 (17.6) 5 (20.8)

   Lower extremity 5 (25.0) 5 (29.4) 8 (33.3)

   Trunk 2 (10.0) 1 (5.9) 1 (4.2)

Baseline wound size (cm2) 6.6±6.5 6.0±10.1 8.2±4.5 0.600a)

   Wound size ≥5 cm2 8 (40.0) 5 (29.4) 10 (41.7) 0.053b)

Values are presented as mean±standard deviation or number (%). 
CAK, cultured allogenic keratinocyte; EGF, epidermal growth factor.
a)One-way analysis of variance; b)Fisher exact test.  
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that partial-thickness burn wounds healed within 12.6 days 
using EGF ointment. In applying rhEGF ointments of 0.5 μg/g, 
10 μg/g, and 50 μg/g once a day, 10 μg/g was the most effective. 
Liao et al. [8] applied 1 μg/g rhEGF ointment, and the average 
wound healing time was 13.7 days. Guo et al. [6] applied 1 μg/
g rhEGF ointment to elderly patients aged 60 or older, and 
found that the average wound healing time was 20.5 days. The 
relatively longer healing times presented in their study were 
considered to be related to the fact that the study was targeted 
at elderly patients over the age of 60. In our study, EGF spray 
(Easyef) was used, which was a 0.005% solution consisting of 
1 mL of rhEGF and 9 mL of solvent containing 20 mg of meth-
yl parahydroxybenzoate. The spray was pumped twice for each 

Table 2. Wound healing time and scar analysis

CAK 
(n=20)

EGF 
(n=17)

CAK+EGF 
(n=24)

P-value

Time to heal 12.6±5.5a) 11.5±6.0a),b) 9.0±6.3b) 0.038c)

Scar analysis 4.0±0.7 4.0±0.5 4.3±0.6 0.218d)

Values are presented as mean±standard deviation. 
CAK, cultured allogenic keratinocyte; EGF, epidermal growth factor. 
a),b)The different alphabetic letters represent significant differences by the Bon-
ferroni post-hoc analysis; c)One-way analysis of variance; d)Fisher exact test. 

Fig. 4. CONSORT diagram. Of the total 73 patients, the study was ultimately carried out on 61 patients. CAK, cultured allogenic kerati-
nocyte; EGF, epidermal growth factor. 
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Patients with active infectious diseases or 
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Fig. 5. Healing ability differences between the three groups. Ka-
plan-Meier curve to compare healing ability differences accord-
ing to CAK, EGF, and CAK+EGF groups. Differences between 
groups (CAK vs. EGF, EGF vs. CAK+EGF, CAK vs. CAK+EGF) 
were compared through log-rank tests corrected with Bonferroni 
post-hoc analysis.
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treatment, and approximately 10 mg of rhEGF was pumped 
out in one pumping, which means that 20 mg was sprayed on 
the wound at a time. Compared to the ointment, the spray ap-
plied a much larger amount of EGF to the wound, resulting in 
faster treatment effects.

Research on the combination therapy of CAK and EGF has 
not yet been reported. The results of our study using combina-
tion therapy of CAK and EGF suggest that combination thera-
py can shorten the average wound healing time compared to 
when each is used separately. The complete healing rate within 
20 days was 92% in the CAK+EGF group, which was higher 
than 85% in the CAK group and 88% in the EGF group (Fig. 5).

In general, CAK is applied once every 5 to 7 days, and in 
many cases, it is applied only once or twice. On the other hand, 
EGF may have worked better in that it could be applied daily. 
However, EGF is sprayed in liquid form; therefore, it does not 
fully remain on the wound surface when applied to specific 
curved areas. Meanwhile, CAK can adhere well to the wound 
surface and rarely falls off. It can also be inferred that spraying 
EGF on top of the CAK made it more likely to stay on the 
wound surface instead of running off, which could have made 
it more effective.

Wound healing is a complex multicellular process that ulti-
mately aims to restore epithelium [20]. Multiple growth fac-
tors and cytokines play major roles in each process. Growth 
factors are a subclass of cytokines that stimulate cell differenti-
ation [21]. Cytokines and growth factors perform the chemo-

tactic activities of fibroblasts and inflammatory cells, promote 
angiogenesis, act as a mitogen to stimulate cellular prolifera-
tion, control the production of extracellular matrix, and mod-
ulate the synthesis of other cytokines and growth factors 
[22,23].

Because of the depth of partial-thickness burn wounds, hy-
podermal structures such as subcutaneous adipose tissue, 
connective tissue, and blood vessels usually remain under the 
wound bed. In this state, growth factors can work well for pro-
moting wound healing.

In burn wounds, the longer the wound lasts, the more prom-
inent the inflammatory response can be, which increases colla-
gen deposition and aggravates the scar [24]. Eisinger et al. [25] 
also documented that covering the wound with epithelium re-
duces the scarring potential by down-regulating the inflamma-
tory response, which is called the “epithelial-derived factor” 
and reduces the proliferation of fibroblasts. In the CAK+EGF 
group, scarring occurred less than in the CAK or EGF group, 
though the difference was statistically insignificant.

As for the shortcomings of this study, comparisons to deter-
mine the best ratio of CAK to EGF combination were not per-
formed. As Zhang et al. [12] argued, it is important to deter-
mine the ideal dosage when performing growth factor therapy 
to maximize patient benefits, reduce costs, and achieve the 
best effect. Although this study used the most common dosage 
described in previous studies [4,6,11,15], further research may 
be necessary to determine which dose combination will have a 
greater effect. Second, while this study found that EGF+CAK 
treatment was more effective than standalone EGF or CAK 
treatments, it was not possible to compare the effectiveness of 
CAK+EGF treatment with that of the existing standard wound 
care. Third, the cost-effectiveness of CAK and EGF combina-
tion therapy was not evaluated. The financial strain on patients 
may increase because CAK and EGF sprays are relatively ex-
pensive therapeutic options. However, to minimize the finan-
cial burden on patients, EGF was billed in installments while 
CAK was covered by national health insurance. Clinical use 
might benefit from an analysis of cost-effectiveness and aver-
age cost increases based on the lesion. Fourth, the treatment 
was not assessed across different body parts. Since some body 
parts (such as the face) have more abundant blood flow than 
other parts, wound healing can be superior, which may lead to 
a difference in reactivity to growth factor therapy. Further 
studies on the effects of growth factor therapy for each site are 
required.

Table 3. Factors promoting wound healing

Covariate Hazard ratio (95% CI) P-value

Treatment method

   CAK 1.000 (reference)

   EGF 0.879 (0.393–1.965) 0.753

   CAK+EGF 2.078 (1.021–4.228) 0.044

Initial wound size 

   ≥5 cm2 1.000 (reference)

   <5 cm2 2.869 (1.426–5.773) 0.030

Age 

   ≥65 yr 1.000 (reference)

   <65 yr 0.379 (0.114–1.264) 0.114

CI, confidence interval; CAK, cultured allogenic keratinocyte; EGF, epidermal 
growth factor. 
The multivariate Cox regression analysis factored in treatment method, age, 
sex, diabetes mellitus, hypertension, mode of injury, location of injury, and ini-
tial wound size. The P-value was analyzed through the multiple Cox proportional 
model.
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