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Original Article

Purpose: This study was designed to evaluate the efficacy and safety of topically applied recombinant human epidermal growth 
factor (rhEGF) for the prevention of radiation-induced dermatitis in cancer patients. 
Materials and Methods: From December 2010 to April 2012, a total of 1,172 cancer patients who received radiotherapy (RT) of 
more than 50 Gy were prospectively enrolled and treated with EGF-based cream. An acute skin reaction classified according to the 
Radiation Therapy Oncology Group 6-point rating scale was the primary end point and we also assessed the occurrence of edema, 
dry skin, or pruritus.
Results: The percentage of radiation dermatitis with maximum grade 0 and grade 1 was 19% and 58% at the time of 50 Gy, and it 
became 29% and 47% after completion of planned RT. This increment was observed only in breast cancer patients (from 18%/62% 
to 32%/49%). Adverse events related to the EGF-based cream developed in 49 patients (4%) with mild erythema the most common. 
Skin toxicity grade >2 was observed in 5% of the patients. Edema, dry skin, and pruritus grade ≥3 developed in 9%, 9%, and 1% of 
the patients, respectively.
Conclusion: Prophylactic use of an EGF-based cream is effective in preventing radiation dermatitis with tolerable toxicity. Further 
studies comparing EGF cream with other topical agents may be necessary.
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Introduction

Radiation-induced skin injury is one of the most common side 
effects of ionizing radiation and was recognized soon after 
the discovery of X-rays. Despite the progress in treatment 

strategies using modern delivery technology and fractionation 
schedules, this injury still remains a distressing adverse effect 
of radiotherapy (RT) for treatment of malignancies. The 
incidence of severe radiation dermatitis even increases after 
the treatment intensification using concurrent chemotherapy 
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and accelerated fractionation. Up to 90% of patients treated 
with high radiation dose develop dermatitis and some patients 
experience moist desquamation, which may limit the duration 
of treatment and the dose delivered and eventually affect the 
treatment outcome [1-5]. 
  Mild acute radiation dermatitis is usually symptomatically 
manageable. When erythema and desquamation occurs, 
topical agents based on natural products can be tried, such 
as castor oil, balsam of Peru, aloe vera, and calendula, but 
evidence for their effectiveness is limited. However, clinical 
management varies widely [6] and there is no standard of care 
for prevention and control of the progression of radiation 
dermatitis.
  Recently, biologic element-based agents have been 
investigated for their enhancement of wound healing; these 
include various growth factors, tacrolimus, and pimecrolimus 
[2]. Epidermal growth factor (EGF), one of the key elements 
that function in the wound healing process, has been reported 
to be protective or therapeutic against mucositis or skin 
injury induced by radiation in an animal model [7] and in 
clinical settings [8,9]. In Korea, an EGF-based cream (Easydew 
CR; Daewoong Pharmaceutical, Seoul, Korea) has been 
used to prevent or alleviate radiation dermatitis. This study 
investigated the safety and effectiveness of using topical EGF 
cream for the prevention of radiation dermatitis in patients 
with cancer.

Materials and Methods

1. Patient population
This prospective, observational study was conducted at 21 
centers in Korea between December 2010 and April 2012. 
Patients aged ≥18 years, affected by histologically confirmed 
malignancies, and treated with RT (≥50 Gy) were eligible for 
the study. Exclusion criteria were history of connective tissue 
disorder, such as systemic lupus erythematosus, life expectancy 
<3 months, and uncooperative status, such as dementia or 
drug abuse. A total of 1,172 patients were recruited initially; 
7 did not apply the EGF-based cream, 23 had no assessment 
at the time of RT of 50 Gy, and 4 dropped out of the study; 
therefore 1,138 patients were investigated with this protocol 
(Fig. 1). The studies were approved by the local Institutional 
Review Board and all patients were provided written informed 
consent before enrollment. All data were collected and 
analyzed centrally.

2. EGF-based cream treatment
The EGF-based cream contains 0.005% recombinant human 
EGF with the wound healing property complemented by 
the presence of additional ingredients, such as ceramide, 
hyaluronic acid, Inca omega oil, Portulaca oleracea extract, 
mango butter, and meadowfoam oil. This cream was applied 
to the radiation portal skin twice a day, from day 1 to the last 
day of RT. Patients were advised to wash the cream off prior 
to RT. No other prophylactic creams or lotions were allowed 
and further applications were ceased if an adverse reaction 
occurred due to the EGF-based cream. Compliance in applying 
the cream was evaluated weekly by the treating radiation 
oncologist.

3. Assessment
The treating radiation oncologists examined the patients at 
weekly intervals from 1 week before RT to after RT. Skin toxicity 
was scored using the modified Radiation Therapy Oncology 
Group (RTOG) criteria—grade 0, no reaction; grade 1, erythema; 
grade 2, dry desquamation; grade 3, focal wet desquamation; 
grade 4, confluent wet desquamation; and grade 5, necrosis 
of the skin. This scale of radiation dermatitis was modified 
with a representative sign to reduce interobserver variations. 
The primary endpoint was the maximum grade of radiation 
dermatitis. The effectiveness of the EGF-based cream was 

Fig. 1. Patient disposition. ITT, intention-to-treat analysis; PP, per-
protocol analysis.
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assessed by comparing the baseline skin condition with the 
condition at the time of receiving 50 Gy of RT and again at 
the end of the planned RT. The mean maximum grade scores 
according to radiation total dose were also compared to assess 
the prophylactic effect of the EGF-based cream for patients 
receiving high doses of RT. Other toxicities were assessed for 
the development of edema, dry skin and pruritus. The status 
of pruritus was scored using the following criteria—grade 0, 
no pruritus; grade 1, mild or localized, relieved spontaneously; 
grade 2, mild or localized, relieved by local measures; grade 
3, intense or widespread, relieved by systemic measures; and 
grade 4, intense or widespread and poorly controlled despite 
treatment. The adverse effects from the EGF-based cream were 
assessed to identify the severity and relevance to the study 
material. Due to the lack of randomization and the different 
therapy schemes, only descriptive statistics are provided. 

Results

1. Patient and treatment characteristics
In the total patient population, 1,142 patients completed the 
planned RT with more than 50 Gy and were evaluated for 
the grade of radiation dermatitis according to their follow-
up schedule. Four patients were dropped from the study—
for non-compliance (n = 1), loss of follow-up (n = 1), and 
the physician’s decision not to continue the protocol (n = 2). 

Because we did not exclude these patients from the efficacy 
analysis, all patients were evaluable. 
  Table 1 presents relevant patient characteristics. The percen-
tage of female patients was 82.4% and the median age of the 
study population was 51 years. The radiation dose ranged from 
50–75 Gy, and the median dose value was 60 Gy. The most 
common sites of RT were breast, head and neck, and pelvis. 
Radiotherapy was delivered using a photon beam in 52% of 
patients, an electron beam in 5%, and combined photon and 
electron beams in 43%.

2. Radiation dermatitis grade 
Radiation dermatitis developed in 925 patients (79.9%) during 
and after RT. At the time of 50 Gy of RT, radiation dermatitis 
of maximum grades 1, 2, 3, and 4 developed in 58.3%, 17.6%, 
4.7%, and 0.3% of the patients, respectively. In comparison, 
after the planned RT, radiation dermatitis of the maximum 
grades 1, 2, 3, and 4 were observed in 46.6%, 18.0%, 5.5%, and 
0.9% of the patients, respectively (Table 2). The proportion of 
the patients assessed as normal increased from 19.1% (at the 
time of 50 Gy) to 29% (after RT) in the entire cohort. However, 
the grade 3–4 dermatitis developed more frequently after RT 
among the patients who were treated for non-breast disease. 
We also evaluated skin toxicity according to the total radiation 
dose dividing the patients into 4 different groups. The mean 
maximum grade in patients receiving <55, 55–59.9, 60–64.9, 
and >65 Gy was 0.93 (standard deviation, ±0.86), 1.35 (±0.7), 
1.06 (±0.76), and 1.39 (±1.02) (Fig. 2). The incidence of edema 
and dry skin was 9.4% and 9.3%, and pruritus grade ≥3 was 
observed in 1.1% patients (Table 3).

3. Safety
The EGF-based cream was well tolerated. Potential adverse 
effects of the cream were observed in 55 of 1,165 patients 
(4.72%) who applied the cream at least 1 or more times—
erythema in 31 patients, pruritus in 12 patients, irritation in 
5 patients, engorgement in 4 patients, confluent dermatitis 
in 2 patients, and heat sensation in 1 patient. Only 12 
patients experienced intermediate-grade events, and no 
patient dropped out of the study due to adverse events. The 
relevance between adverse events and the EGF-based cream 
was retrospectively analyzed, and 9 events were considered 
as ‘relevant’ or ‘possibly relevant’. The safety of the EGF-
based cream during the entire treatment period was assessed 
on the last visit by the patients; 99.2% of the patients were 
categorized as ‘safe’ and 0.8% as ‘suspicious or unsafe’ at the 

Table 1. Patient characteristics

Characteristic Value

Age (yr)
Sex
    Male
    Female
Site of cancer
    Breast
    Head and neck
    Othersa)

Mode of RT delivery
    Photon
    Electron
    Photon with electron
Dose of RT (Gy)

52.1 ± 11.4 (18–90)

201 (17.6)
941 (82.4)

834 (73.0)
148 (13.0)
160 (14.0)

591 (51.8)
53 (4.6)

498 (43.6)
58.6 ± 5.59 (50–75)

Values are presented as mean ± standard deviation (range) or 
number (%).
RT, radiotherapy.
a)Cancer in cervix, anus, soft tissue, esophagus, lung, rectum, thy-
mus.
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discretion of the treating physician. 

Discussion and Conclusion

Radiation dermatitis remains the most common acute 
complication resulting from RT. The process of radiation-
induced skin damage is mediated by free radicals that 
cause DNA damage, which is followed by inflammatory cell 
recruitment and tissue injury [2]. The response of normal 
tissue to ionizing radiation includes inflammation, epithelial 
regeneration, granulation tissue formation, matrix deposition, 
and remodeling [10]. Although the pathophysiology and 
underlying biologic mechanism are not yet fully understood, 
growth factors are considered to promote wound healing 
by stimulating cell proliferation [11]. EGF is one of the key 
growth factors and stimulates the proliferation of human 

fibroblasts and keratinocytes during the healing process [11,12]. 
In practice, the use of topical EGF has been proven effective 
in treating diabetic foot ulcers [13] and the effectiveness of 
EGF in the healing process after radiation injury has also been 
reported in pre-clinical or clinical models [7-9].
  The evidence at present is insufficient to arrive at consensus 
guidelines for the use of EGF in clinical practice for radiation 
dermatitis management [14,15]. A few randomized phase III 
trials have reported a superior preventive effect of topical 
agents, such as corticosteroid [16], calendula [17], and silver-
based dressings [18] on radiation dermatitis development. 
However, the use of topical steroid is controversial because 
this can cause thinning of the skin and introduce bacterial 
infection. Calendula ointment and silver-based dressings are 
not easily applicable because of their solid property and the 
need for daily dressing tasks. No study has validated the use 

Table 2. Maximum radiation dermatitis in detail through the study

Radiation dermatitis

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

All (n = 1,142)
    Week 0
    Week 5 (50 Gy)
    Week 8 (end)
Breast (n = 838)
    Week 0
    Week 5
    Week 8
Non-breast (n = 304)
    Week 0
    Week 5
    Week 8

1,132 (99.1)
217 (19.1)
331 (29.0)

832 (99.3)
147 (17.5)
268 (32.0)

300 (98.7)
71 (23.4)
63 (20.7)

9 (0.8)
663 (58.3)
532 (46.6)

5 (0.6)
523 (62.4)
410 (48.9)

4 (1.3)
140 (46.1)
122 (40.1)

1 (0.1)
200 (17.6)
206 (18.0)

1 (0.1)
146 (17.4)
139 (16.6)

0 (0)
55 (18.1)
67 (22.0)

0 (0)
55 (4.7)
63 (5.5)

0 (0)
22 (2.6)
21 (2.5)

0 (0)
35 (11.5)
42 (13.8)

0 (0)
3 (0.3)

10 (0.9)

0 (0)
0 (0)
0 (0)

0 (0)
3 (1.0)

10 (3.3)

Values are presented as number (%).

Fig. 2. Mean value of radiation dermatitis grade according to 
radiation dose range.

Table 3. Radiation toxicity other than dermatitis

Toxicity No. (%) 95% CIa)

Edema
    Yes
    No
Dry skin
    Yes
    No
Pruritus
    ≤Grade 2
    ≥Grade 3

107 (9.37)
1,035 (90.63)

106 (9.28)
1,036 (90.72)

1,129 (98.86)
13 (1.14)

[7.74, 11.21]

[7.76, 11.12]

[98.06, 99.39]

a)Exact confidence interval.
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of these candidate materials for their efficacy and safety with 
a large study population or in a prospective manner. In Korea, 
a recombinant human EGF-based cream had been developed 
and used to prevent or minimize radiation dermatitis in cancer 
patients [19]. Despite the enthusiasm for EGF application, no 
large-scale prospective trial has been conducted on the use of 
EGF-based medication in preventing or minimizing radiation 
dermatitis. The present study represents the first prospective 
study in a cancer patient cohort of 1,172 men and women. 
  The incidence and the severity of radiation dermatitis in our 
study were significantly different than the results reported 
in other studies. In our study, the incidence of the radiation 
dermatitis after RT was 46.6%, 18.0%, 5.5%, and 0.9% from 
grade 1 to grade 4, respectively. The maximum grade ≥2 
toxicity developed less frequently when compared with that 
of the control group in two large randomized trials [17,20], 
where its incidence ranged from 60% to 85%. Different study 
designs, including evaluation scales, may have attributed to 
the discrepancy observed in radiation toxicity rates, and the 
lower rate of radiation dermatitis in our study could be related 
to variable factors relating radiation dermatitis, such as RT 
dose, RT schedule, use of chemotherapy, smoking, underlying 
disease, and heterogeneous patient population. However, 
the proportion of patients assessed as normal in our study 
increased by 10% from the time of 50 Gy to the end of RT, in 
contrast to these other studies. This increase in the proportion 
should be interpreted with a caution; it was demonstrated 
only in breast cancer patients and most of them had been 
irradiated with reduced RT field after 50 Gy of whole breast RT 
that might be closed associated with a substantial reduction 
of radiation damage. Nonetheless, patients suffering grade 3 
dermatitis did not increase in breast cancer group and it may 
reflect a protective or healing effect of EGF on the skin near 
the tumor bed that was irradiated with high dose RT until end 
of the treatment. Similarly, the fast recovery from radiation 
dermatitis in the study patients supports the positive effect of 
EGF. In addition, the development of radiation dermatitis was 
independent to total radiation dose, which may have been an 
outcome of the preventive effect of EGF regarding progression 
of the damaged skin in response to further irradiation. 
  The treatment was well tolerated, and no severe adverse 
effects or mortality were observed in the study population. 
However, one major concern is the potential cancer-enhancing 
properties of EGF used for preventive purposes. Recent reports 
have indicated that exogenously administered EGF does not 
stimulate cancer cell proliferation in tumor-bearing xenograft 

mice [21], but other reports have shown opposite results [22-
24]. The total amount of EGF in the EGF-based cream is far 
lower than the 15 μg EGF concentration used in previous 
studies [22]; therefore, we suppose that local application 
of Easydew CR is safe. In addition, we found no evidence 
in a recent literature review to indicate that EGF initiated 
tumorigenesis [25] and the review infers that carcinogenesis is 
not a significant concern with locally applied EGF.
  Our study has some limitations arising mainly from the 
study design. First, the skin toxicities were assessed by 
the treating physician, which means that the incidence or 
severity of radiation dermatitis might be underestimated 
or overestimated. However, the RTOG is the most popular 
scoring system for radiation dermatitis, and we modified the 
evaluation criteria of the study to a 6-point scale to allow 
the observer to distinguish the grade of radiation toxicity 
more distinctly. Second, radiation dermatitis was assessed 
by limited objective tools and it would have been valuable 
to also evaluate variables such as inflammatory responses 
or the barrier function of the skin [26]. Third, we had a total 
observation period of 8 weeks after the start date of RT, so it 
was not possible to record the late development as well as the 
healing process of radiation dermatitis after EGF treatment. 
Finally, the RT doses to the skin were not surveyed in a 
practical method but only supposed from the described RT 
doses. 
  In conclusion, this multicenter prospective cohort study 
of 1,172 patients undergoing RT for variable malignancies 
showed that a recombinant human EGF-based cream could be 
safely applied to prevent or alleviate radiation dermatitis. The 
study lacked a design to compare the effects with conservative 
management or with other topical agents, so future trials are 
warranted with a placebo-controlled randomized design to 
confirm the effectiveness of EGF-based cream as a treatment 
for radiation dermatitis.
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