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Objective: The purpose of this study was to investigate
the safety, tolerability and preliminary effectiveness of
topical epigallocatechin-3-gallate (EGCG) for radiation
dermatitis in patients with breast cancer receiving
adjuvant radiotherapy.

Methods: Patients with breast cancer who received
radiotherapy to the chest wall after mastectomy were
enrolled. EGCG solution was sprayed to the radiation
field from the initiation of Grade 1 radiation dermatitis
until 2 weeks after completion of radiotherapy. EGCG
concentration escalated from 40 to 660 umoll™" in
7 levels with 3-6 patients in each level. EGCG toxicity
was graded using the NCI (National Cancer Institute
Common Terminology Criteria for Adverse Events)
v. 3.0. Any adverse event >Grade 1 attributed to EGCG
was considered dose-limiting toxicity. The maximum
tolerated dose was defined as the dose level that
induced dose-limiting toxicity in more than one-third
of patients at a given cohort. Radiation dermatitis was
recorded weekly by the Radiation Therapy Oncology
Group scoring and patient-reported symptoms.

EGCG; BREAST NEOPLASMS;

DERMATITIS, RADIATION-INDUCED

Skin toxicity (radiation dermatitis) is the most common acute
side effect of radiotherapy to the breast, varying from mild
erythema to moist desquamation and occasionally ulceration.'
Even with modern techniques such as intensity-modulated
radiation therapy, 31.2% of patients experience moist desqua-
mation during or up to 6 weeks after the radiation treatment.”
Radiation dermatitis can significantly impose discomfort and

Results: From March 2012 to August 2013, 24 patients were
enrolled. Acute skin redness was observed in 1 patient and
considered to be associated with the EGCG treatment at
140 pmol I7! level. Three more patients were enrolled at this
level and did not experience toxicity to EGCG. The dose
escalation stopped at 660 pmoll™". No other reported acute
toxicity was associated with EGCG. Grade 2 radiation
dermatitis was observed in eight patients during or after
radiotherapy, but all decreased to Grade 1 after EGCG
treatments. Patient-reported symptom scores were signifi-
cantly decreased at 2 weeks after the end of radiotherapy in
pain, burning, itching and tenderness, p < 0.05.
Conclusion: The topical administration of EGCG was well
tolerated and the maximum tolerated dose was not
found. EGCG may be effective in treating radiation
dermatitis with preliminary investigation.

Advances in knowledge: EGCG solution seemed to be
feasible for treating radiation dermatitis in patients with
breast cancer after mastectomy. It should be tested as
a way to reduce radiation-induced normal tissue toxicity
and complications in future years.

interfere with patients® daily living activities and quality of life.
Severe toxicity may compromise treatment efficacy if the
treatment is interrupted while the injury heals.* Hence, it is
important to identify approaches aimed at preventing or
treating radiation dermatitis in patients with breast cancer.

No evidence-based standard of care has been established for
reducing radiation dermatitis.” The Phase III trial [Radiation
Therapy Oncology Group (RTOG) 97-13] showed that
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trolamine did not reduce skin toxicity compared with best sup-
portive care during adjuvant radiotherapy for breast cancer.® In
another randomized Phase III trial, no benefit was found from the
use of the topical hyaluronic acid-based gel for reducing the de-
velopment of =Grade 2 dermatitis after adjuvant radiotherapy for
breast cancer.” There remains a need to continue investigating
new products and novel approaches for minimizing radiation
dermatitis.

An expanding body of pre-clinical evidence suggested that
epigallocatechin-3-gallate (EGCG), the major catechin found in
green tea, had potential in inhibiting radiation-induced damage
in vitro and in vivo. "% It was found that EGCG was most ef-
ficient at inhibiting erythema response evoked by ultraviolet
radiation in human health volunteers.'' At the same time, the
toxicity test of green tea extract also did not show any sign of
irritation in the skin in patients with allergic contact dermatitis.'>
Therefore, we conducted this Phase I trial of topical EGCG in
patients with breast cancer receiving post-operative radiotherapy.
The primary purpose was to define the safety and maximum
tolerated dose (MTD) of topical EGCG. The second purpose was
to investigate preliminarily the effectiveness of EGCG in treating
radiation dermatitis.

METHODS AND MATERIALS

Patients

Eligible patients had to have a pathologically proven breast
cancer with a planned course of radiotherapy to the chest wall
after modified radical mastectomy. Other inclusion criteria were
age =18 years, Eastern Cooperative Oncology Group (ECOG)
performance status of 0-1, normal haematological function
(granulocyte count =1.5X 10° cells per litre, platelet count
=100 X 10° cells per litre and haemoglobin =100gl~") and
organ function (creatinine clearance >50 mlmin~ ' and aspar-
tate aminotransferase/alanine aminotransferase =2.5 of upper
normal limit). Exclusion criteria included the presence of rash
or unhealed wound in the radiation field, known allergy or
hypersensitivity to green tea or EGCG, pregnancy or lactation,
history of/current connective tissue disorder and prior radiation
to the thorax. Informed consent was obtained from all patients.
The study was approved by the Institutional Review and Ethical
Committees at the Shandong Cancer Hospital and Institute and
registered at ClinicalTrials.gov (NCT01481818).

Radiotherapy

Radiation treatment was delivered to the chest wall, including
the surgical scar and regional lymph nodes, i.e. supraclavicular
and infraclavicular nodes. All patients underwent simulation for
verification of the irradiated fields and determination of chest
wall thicknesses. Additional boluses were added according to
chest wall thickness variation. The electron energy was de-
termined by the chest wall thickness in the midplane (range,
6-12MeV). The dose given was 50 Gy in 25 fractions over
5 weeks. The field arrangement involved an anterior photon
field against the supraclavicular and infraclavicular regions and
an anterior electron field against the chest wall."> Patients with
sharp surface irregularities, large planning target volumes (i.e.
very obese patients or positive deep margins) or in whom the
tumour bed was located under an irregular contour (i.e. axillary
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folds or inframammary folds), which can produce localized hot
spots and cold spots in the underlying tissue, were suggested to
receive three-dimensional conformal radiotherapy/intensity-
modulated radiation therapy in our hospital. Therefore, these
patients would not be included initially.

Table 1. Patient demographics and disease characteristics

Number of
V 1 0,
ariable patients (N = 24) &

Age (years)

Median 44

Range 22-63

Smoking status

Yes 6 25.0

No 18 75.0

Performance status (ECOG)

0 10 41.7

1 14 58.3
Comorbidities

None 15 62.5

Diabetes 2 8.3

Hypertension 2 8.3

Hyperlipaemia 3 12.5

gi(;z;leary heart I 42

Arrhythmia 1 4.2
T stage

T1 4 16.7

T2 14 58.3

T3 6 25.0
N stage

N1 3 12,5

N2 21 87.5
AJCC stage

1B 1 4.2

IITA 23 95.8
Surgery to

Right breast 11 45.8

Left breast 13 54.2
Histology

e .

Invasive lobular 5 8.3

carcinoma

AJCC, American Joint Commitee on Cancer; ECOG, Eastern Coopera-
tive Oncology Group.
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Epigallocatechin-3-gallate administration and
maximum tolerated dose definition

EGCG (purity =95% by high performance liquid chromato-
graphy) was purchased from HEP Biotech Co., Ltd (Ningbo,
Zhejiang, China) and freshly dissolved in 0.9% saline solu-
tion. The EGCG concentration escalated from 40 pmoll ™},
80 wmol1™", 140 wmoll™!, 210 wmoll™", 300 wmoll™" and
440 pmoll™! to 660 pmoll™'. EGCG administration was initi-
ated once Grade 1 dermatitis occurred. The solution was sprayed
three times a day at 0.05mlcm ™2 to 2cm beyond the whole
radiation field until 2 weeks after radiation completion. No
other prophylactic agent was allowed in the radiation field.
Patients were instructed to cleanse the skin regularly with warm
water and mild soap. If Grade 3 dermatitis occurred, EGCG
administration was discontinued and additional treatments were
given at the physician’s discretion.

Toxicity of EGCG was graded using the NCI Common Termi-
nology Criteria for Adverse Events v. 3.0. Any adverse event
>Grade 1 attributed to EGCG was considered dose-limiting
toxicity (DLT). Three patients were assigned to each dose level. If
no DLT was observed, the next level was opened. If the DLT was
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observed in one of the three patients, three additional patients
were accrued at this level. If no more DLT was observed, then the
dose was escalated to the next level. If two or more patients at
any dose level experienced DLI, there was no further dose es-
calation. MTD was defined as the dose level that induced DLT in
more than one-third of patients in a given cohort. The recom-
mend dose level of EGCG for the Phase II study was defined as
that below the level of MTD or the highest concentration if
MTD was not observed.

Skin toxicity evaluation

Skin toxicity of radiotherapy was evaluated every day, once
radiation began. EGCG administration was given immedi-
ately when Grade 1 dermatitis occurred, and then dermatitis
was recorded weekly. The score at the end of radiotherapy
was the one of the last week of radiotherapy. The evaluation
continued until 2 weeks after the end of radiotherapy with
two approaches. One was the RTOG score defined by the
observers.'* The other was patient-reported symptom scores
adapted from the Skin Toxicity Assessment Tool as pain,
burning, itching, pulling and tenderness in the treat-
ment area.

Figure 1. Changes in patient-reported symptom scores during and after the treatments. (a) Itching, (b) tenderness, (c) pain,
(d) burning and (e) pulling. Error bars represent standard error of the mean. Numbers indicate how many patients were analysed.

RT, radiotherapy.
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Statistical analysis

SPSS® (v. 17.0; IBM Corp., New York, NY; formerly SPSS Inc.,
Chicago, IL) was used for statistical analysis. The differences in
the score before, during and after treatment were analysed using
paired t-test. A value of p<<0.05 was defined as statistical
significance.

RESULTS

34 patients were screened from March 2012 to August 2013. No
radiation dermatitis of >Grade 1 was found in nine patients.
One patient withdrew informed consent during the treatment.
24 patients completed the course of therapy and were finally
analysed. The patients and disease characteristics are listed
in Table 1.

The EGCG dose, treatment period and RTOG skin toxicity
scores for each patient are shown in Table 2. The median du-
ration of the EGCG treatment was 4 weeks. The EGCG solution

BJR

was well tolerated. Acute skin redness extending outside the
radiation field was observed immediately after EGCG adminis-
tration in one patient (140 umol1™") at the 4th day, which was
considered to be associated with the EGCG. Three more patients
were enrolled at this level and no more patient-experienced
toxicities of EGCG. The dose escalation stopped at 660 umol 17",
No other reported acute toxicity was considered to be associated
with EGCG. No patient needed dose reduction or delay in ra-
diotherapy because of skin toxicity. MTD was not found, and the
highest dose of this Phase I trial (660 umoll™") was defined as
a recommended dose for the Phase II trial.

Grade 1 radiation dermatitis was observed in all the patients,
which appeared in four patients at the 2nd week, seven patients
at the 3rd week and others at the 4th week. Radiation dermatitis
developed into Grade 2 in four patients at the end of radiotherapy
(Patient number 4, 7, 16 and 22). Four more patients with Grade 2
dermatitis were found at 1 week after the radiotherapy (Patient

Figure 2. A representative case receiving epigallocatechin-3-gallate treatment at 660 pmol |71 (patient number 22).

Before radiotherap
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number 2, 3, 10 and 12). As the EGCG treatment was performed
continuously, all these Grade 2 reactions were decreased to Grade 1
at 2 weeks after the end of radiotherapy. For patients with Grade 1
dermatitis at the end of the radiotherapy, 62.5% (10/16) of patients
were scored as Grade 0 and others as Grade 1 at 2 weeks afterwards.

The patient-reported symptoms assessed by the Skin Toxicity
Assessment Tool were compared before, during and after the
EGCG treatment (Figure 1). Rapid relief after EGCG treatment
of 1 week was observed in itching (p <0.001, Figure la), ten-
derness (p <<0.001, Figure 1b), pain (p<<0.001, Figure lc),
burning (p<<0.001, Figure 1d) and pulling (p=0.032,
Figure le). Patient-reported symptom scores were significantly
decreased at 2 weeks after the end of radiotherapy as comparison
with that at the beginning of the EGCG treatment in itching
(p<0.001), tenderness (p<<0.001), pain (p<<0.001) and
burning (p <0.001). There was no statistically significant dif-
ference in pulling symptom scoring (p = 0.840). Since only three
patients received the EGCG treatment for 6 weeks, their scores
are not shown and compared. The regression of patient-reported
symptoms related to acute skin reactions did not seem to cor-
relate with the onset time and the dose of EGCG.

One representative case is shown in Figure 2. The patient (Patient
number 22, pT2N2MO0) developed Grade 1 radiation dermatitis at
28 Gy/14 fractions of radiotherapy and started receiving the EGCG
treatment at 660 wmoll™" dose level. The dermatitis was scored as
Grade 2 at the end of radiotherapy (50 Gy/25 fractions) and was
decreased to Grade 1 at 2 weeks after the end of radiotherapy. Total
EGCG treating time was 4 weeks.

DISCUSSION

In this Phase I trial, we found that topical EGCG for patients
with breast cancer during adjuvant radiotherapy was well tol-
erated. No DLT was observed, and no other obvious adverse
effect was observed to be related to topical EGCG treatments.
Therefore, the MTD was not defined, and the highest dose tested
(660 wmol1™") was defined as a recommended dose in further
Phase II study. In terms of efficacy, we chose to begin the ap-
plication of EGCG only once Grade 1 dermatitis occurred in
order to find its therapeutic effect easily.'® Most patients only
suffered Grade 1 toxicity according to the RTOG criteria and all
Grade 2 dermatitis were decreased to Grade 1 with EGCG
treatments at 2 weeks after the end of radiotherapy. More im-
portantly, relief of symptoms of radiation dermatitis was ob-
served in most of the patients after EGCG treatments. This study
may provide first-hand clinical evidence for topical EGCG
treatment to minimize radiation dermatitis.

Table 3 lists the randomized studies on the prevention of acute
radiation skin reactions in patients with breast cancer receiving
radiotherapy in last 5 years.*'”*® Randomized controlled
studies have generated mostly negative results for use of skin
care products in preventing or treating radiation dermatitis.
Remarkably, patients receiving topical corticosteroids (mome-
tasone furoate and betamethasone) during radiotherapy might
experience reduced acute skin toxicity compared with placebo or
moisturizing creams according to the result of three double-
blind studies with a larger population. The symptoms of
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radiodermatitis were also alleviated sometimes owing to the
effect of corticosteroids.'®***” However, the side effects of cor-
ticosteroids such as periorificial dermatitis, skin atrophy and
mycotic infection had to be taken into account in clinical
practice. Therefore, studies investigating new and more effi-
cient treatments to prevent or treat radiation skin toxicity are
increasing. A retrospective study showed that a skin care pro-
gramme containing topically applied tea extracts for radiation-
induced Grade =2 skin lesions helped to restore skin integrity in
the head and neck and pelvic regions.” It suggested that the
higher content of EGCG accounted for the shorter duration of
Grade =2 toxicity in patients treated with green tea extracts.”’
However, black/green tea bag in water following filtering was
used in that trial.*® Therefore, the safety and efficacy of EGCG in
treating radiation dermatitis warranted systematic prospective
studies.

Green tea as a beverage is generally regarded as safe, and the oral
administration of EGCG is available commercially as a dietary
supplement. The reported complications associated with oral
EGCG in health cohort were mild, such as in Grade 1, excess gas,
upset stomach, nausea, heartburn, stomach ache, abdominal
pain, dizziness, headache and muscle pain.*® Recently, our clinical
study showed that oral administration of EGCG was feasible and
safe in treating oesophagitis during concurrent chemoradiotherapy
in patients with unresectable Stage IIT non-small-cell lung cancer.”"
MTD was not found in that Phase I trial, and the highest dose was
defined as 440 wmoll™" escalated from 40 pmol1™". In the present
study, the daily total dose is up to 18 mg, which is much lower than
that in previous studies.”® The optimal dose/concentration of EGCG
solution in clinical setting may be at relatively wide range and
warrants further study.

EGCG has a scavenging activity for superoxide anion, hydroxyl
radical and hydrogen peroxide.’>* It can defend the DNA
against radiation injury by intercalating into the DNA, binding
to the free radicals or repairing the damage due to free radicals.
Inhibition of the proteasome, a key regulator of inflammation,
by EGCG has also been reported earlier.”* Green extracts
inhibited cleavage activities of the proteasome in vitro and
caused a significant decrease in the release of the proinflam-
matory cytokines interleukin-1B, interleukin-6, interleukin-8,
tumour necrosis factor-a and prostaglandin E in vivo. In addi-
tion, tea polyphenols have been shown to modulate nuclear
factor-k gene binding activity through the p38 mitogen-
activated protein kinase pathway and direct inhibition of in-
hibitory k B alpha kinases.**”**® However, the EGCG molecular
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mechanisms underlying the beneficial effects in acute radiation-
induced skin toxicity are complex and involve antibacterial and
anti-inflammatory processes.”” Molecular mechanism study is
being incorporated in a further Phase II trial.

Susceptibility to degradation in water solution might hinder the
routine use of EGCG in treating radiation dermatitis. Therefore,
in the present study, the EGCG solution was prepared freshly
before each administration. It was reported that epimerization
processes of EGCG, the main reaction occurring in the EGCG
degradation, did not significantly alter the antioxidant activity,
absorption and metabolism of the original catechins.”” In ad-
dition, it was proven that the catechin product released from the
EGCG degradation, namely gallocatechin gallate, was more ef-
fective in reducing plasma cholesterol and triglyceride concen-
trations than EGCG.”®”” Some previous studies also suggested
that lower storage temperature, lower pH and using a reducing
agent could provide a better storage and stability for EGCG.*
All these information were helpful in developing oral/topical
agents for clinical usage and biopharmaceutical studies.

There were some limitations in the study. Firstly, the radiation
dosimetry of the chest wall could not be confirmed without
three-dimensional planning radiotherapy. Therefore, the Phase
II/TII study aimed at efficacy assessment would use some tech-
niques to provide improved target homogeneity and con-
formality. Secondly, self-resolution of radiation dermatitis might
also attribute to the result of promising activity. The prospective
randomized, placebo-controlled design is warranted in the fur-
ther study.

CONCLUSION

Based on clinical data from this trial, topical administration of
EGCG solution seems to be feasible for treating radiation der-
matitis in patients with breast cancer after mastectomy. Phase II
studies are under way to assess the efficacy of EGCG solution in
the treatment of radiation dermatitis for patients after mastec-
tomy or breast-conservative surgery. Randomized controlled
trials will establish how applicable our findings are to other
populations of patients with cancer receiving radiotherapy.
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