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Background and purpose: This trial investigated whether epigallocatechin-3-gallate (EGCG), a radiopro-
tector, could be effective in the prevention and treatment of acute radiation-induced esophagitis (ARIE).
Methods and materials: This is a phase II study of EGCG combined with chemoradiation in unresectable
stage III non-small-cell lung cancer or limited stage small cell lung cancer. Patients were randomized into
a prophylactic EGCG group (arm A), a therapeutic EGCG group after the occurrence of esophagitis (arm B)
or conventional therapy group (arm C). Esophagitis grades, pain and dysphagia scores were recorded
weekly. Adjusted esophagitis index (AEI), pain index (API) and dysphagia index (ADI) were calculated
to reflect changes in esophagitis grade, pain score and dysphagia score throughout treatment.
Results: A total of 83 patients were eligible for toxicity analysis (arm A vs arm B vs arm C: N = 28:27:28).
There was no significant difference in the baseline characteristics among three arms of the patients. The
difference in the maximum esophagitis grade among three groups was statistically significant (P = 0.004).
The maximum ARIE for patients with EGCG was significantly lower than for those with conventional ther-
apy. The mean AEI of arm A was lower than that of arm B, while the mean AEI of arm C was the highest
(arm A vs arm B, P = 0.028; arm B vs arm C, P = 0.002). Furthermore, API and ADI were significantly lower
in patients receiving EGCG than in conventionally treated patients.
Conclusion: The application of EGCG could effectively alleviate acute radiation esophagitis in advanced
lung cancer without obvious side effects. Prophylactic application of EGCG had a slight advantage over
therapeutic use in treatment of acute esophagitis.

� 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 137 (2019) 186–191
Lung cancer (LC), as one of the most commonmalignant tumors,
is the leading cause of cancer-related deaths worldwide [1]. Most
patients are diagnosed with locally advanced disease and require
sequential or concurrent chemoradiotherapy (CRT) [2]. However,
a combination therapy often causes severe adverse events leading
to prolonged treatment, unplanned treatment interruptions or
ineffective doses. Acute radiation-induced esophagitis (ARIE) is a
major non-hematologic toxicity of chemoradiotherapy in patients
with stage III non-small cell lung cancer (NSCLC) or limited stage
small cell lung cancer (LD-SCLC). ARIE compromises the quality
of life of patients and affects the efficacy of anticancer treatment
[3]. Indeed, severe ARIE is closely associated with the radiation
dose received by a certain volume of esophagus [4]. Novel radia-
tion techniques, such as intensity modulated radiotherapy, are
used to prevent ARIE by excluding the esophagus from the radia-
tion field. This approach is often not feasible when the esophagus
is located close to the involved lymph nodes in the mediastinum.

The drugs including adrenocorticotropic hormone and certain
antibiotics, such as a mixture of lidocaine, dexamethasone and
gentamycin (mLDG), are the main treatments used for ARIE in
China [5], although the effectiveness of mLDG has not been
confirmed in clinical trials. Particular attention has been paid to
the development of radioprotective agents, which are capable of
preserving normal tissues without compromising anti-tumor effect
[6]. EGCG has been extensively investigated in order to ameliorate
radiation-induced damage [7–10]. An experiment showed that
EGCG exerted protective effects against radiation-induced normal
cell death in vitro [7]. It had the ability to scavenge superoxide
anion, hydroxyl radical and hydrogen peroxide. In addition, EGCG
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was also able to intercalate into the DNA, protecting against
radiation-induced DNA strand breaks [8].

Our previous phase I study preliminarily showed oral adminis-
tration of EGCG was feasible and safe in patients with locally
advanced lung cancer receiving radiotherapy [11]. The recom-
mended concentration was 440 lmol/L. A prospective, single-
arm, phase II study was subsequently conducted to assess the
effectiveness and safety of EGCG in addressing ARIE [12]. Then,
we launched this prospective randomized controlled study to clin-
ically validate the preventive and therapeutic value of EGCG in
patients with ARIE.
Material and methods

This was a 3-arm, prospective, randomized, controlled clinical
study designed to assess the efficacy of EGCG in the prevention
and treatment of ARIE in patients receiving sequential or concur-
rent chemoradiotherapy. The research design was approved by
the local study review and its registration number was
NCT02577393 (www.clinicaltrials.gov). And an informed consent
was obtained from all the subjects.
Patients

Eligible patients were required to meet the following inclusion
criteria: pathologically documented LC; considered medically
inoperable stage IIIA or stage IIIB or limited stage small cell lung
cancer; age �18 years; Karnofsky’s score �70; adequate hemato-
logic, hepatic and renal function; FEV1 >800 cc; mean esophagus
dose >20 Gy. Exclusion criteria were as follows: a known allergy
or hypersensitivity to EGCG; pregnancy or lactation; prior radia-
tion to the thorax [11,12].
Experimental dataset

All patients underwent three-dimensional conformal radiother-
apy or intensity modulation radiation therapy. A repeat-fixation
mask or vacuum bag was used for the CT-simulation scan. Eclipse
treatment planning system� (Eclipse 8.6, Varian Medical Systems)
was used for radiotherapy (RT) planning. Planning target volume
included gross tumor volume and margins of 0.5–1.5 cm for meta-
static regional lymph nodes, 0.8–1.5 cm for primary tumor. The
total radiation dose was 50–66 Gy (1.8–2 Gy fractions once daily)
or 45 Gy (1.5 Gy twice daily) for 5 days per week. The prescribed
Fig. 1. An overview of
target dose was prescribed to the isocenter with a minimum target
dose of 95% and a maximum dose of 107% covering 95% of PTV. For
the purpose of consistency, the tissues were contoured by a team
consisting of three radiation oncologist in all patients. The entire
esophagus was identified and contoured on each axial plane of
the planning CT scan from the inferior border of the cricoid carti-
lage to the gastroesophageal junction. The radiation dose limits
were exactly the same as before: mean lung dose �18 Gy, the max-
imum spinal cord �50 Gy, total heart �35 Gy.
Study design and treatment

EGCG (440 lmol/L, purity �95% by HPLC; from NINGBO HEP
Biotech Co., Ltd) or mLDG (lidocaine 0.16 mg/mL, dexamethasone
0.02 mg/mL, and gentamycin 0.16 mg/mL) dissolved in 0.9% saline
solution was administered three times a day. For applications,
repeated swallowing of 10 ml of the two solutions was indispens-
able to assure the prolonged presence of drug in the esophageal
wall.

At registration, patients were randomly allocated (1:1:1) to one
of the three arms through a sealed envelope system and were una-
ware of the treatment given. In arm A, patients received EGCG
solution orally from the start of radiotherapy. Patients in arm B
or C were given oral EGCG or mLDG solution respectively, and
began medications as soon as grade I esophagitis occurred during
radiation. The grading definition of ARIE in the Radiation Therapy
Oncology Group (RTOG) scoring system was also listed in Supple-
mentary Table S1 [13]. Three groups of patients all discontinued
oral liquid preparations until two weeks after the completion of
radiotherapy. Fig. 1 showed an overview of the study design.

RT was not interrupted unless persistent or worsening dyspha-
gia was present after therapy. Other treatments were not per-
formed until grade 4 esophagitis occurrence or radiotherapy
suspension. In case of unresponsive to therapy and RT interruption,
patients were supported with methylprednisolone, analgesics,
antifungal therapy, or intravenous infusion as appropriate until
recovery. The nasogastric or nasoduodenal tube was an option
for non-responders with grade 4 toxicity lasting for at least 3 days.
Esophagitis assessment

From the beginning of the radiation treatment to two weeks
after the end of radiotherapy, esophageal toxicity was measured
every week according to the RTOG scoring system. Symptoms
the study design.

http://www.clinicaltrials.gov


Fig. 2. Calculations of adjust esophagitis index (AEI), adjust pain index (API) and
dysphagia index (ADI). The area under the curve was calculated for each patient’s
graph using the trapezoidal method. For example, a patient went through the
changes of esophagitis over the course of trial and AEI = (0 + 1)/2 + (1 + 1)/2 * 2 + (1
+ 3)/2 * 2 + (3 + 2)/2 + (2 + 2)/2 + (2 + 1)/2 + (1 + 1)/2 + (1 + 0)/2.
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related to esophagitis were also measured using the numerical rat-
ing scale (NRS) weekly, including pain and dysphagia.

Esophagitis index (EI) was referred to assess therapeutic effi-
cacy [14,15]. Esophagitis grades for each observation time point
were plotted on a graph against time. Due to the different duration
of individual treatment, we took a conversion method of one-
percentage-mark system. The area under the curve was calculated
for each patient’s graph using the trapezoidal method and was
defined as an adjust esophagitis index (AEI) for an example in
Fig. 2. The AEI was designed to account for not only the maximum
grade, but also the duration of esophagitis. The same statistical
method was also used to calculate the adjusted pain index (API)
and the dysphagia index (ADI) based on the NRS scores for pain
and dysphagia.

A medical team consisting of two experienced physicians, una-
ware of the patient’s clinical history and treatment allocation, con-
ducted the routine esophagitis assessment to avoid subjective bias.
Endpoints

The primary endpoint was to evaluate the relative efficacy of
EGCG to improve esophagitis grade over time during lung cancer
radiotherapy compared to routine regimens. Secondary endpoints
included maximum esophagitis score, API and ADI.
Statistical methods

Based on our previous experience and other documentation, the
expected number of patients with AEI was estimated [15–17]. The
study compared the treatment groups (arm A or B) with the control
arm (arm C). Assuming a mean AEI of 5 (standard deviation = 4) in
treatment groups and 10 (standard deviation = 10.5) in control arm
[17], the required sample size would be 25 patients in each arm
with 80% statistical power and a two-sided 5% type 1 error rate.
Assuming a 10% attrition rate, a total of 83 patients would be
required.

Measurement data of the different groups were expressed as
mean ± standard deviation and analyzed by t-test. Pearson’s exact
tests were used for categorical variables. A value of P < 0.05 was
considered statistically significant. All statistical analyses were
performed with SPSS software (version 17.0; SPSS Inc., Chicago, IL).
Result

Patient characteristics

The study was launched in April 2015 and closed in April 2018,
after eighty-three consecutive patients were enrolled. The charac-
teristics of fully eligible patients were similar in the three arms
(Table 1). There are no significant differences in esophagus irradi-
ation doses among three arms. The median age was 60 years rang-
ing from 40 to 75. 81% of patients were male and 41% received
concurrent chemoradiotherapy. The esophageal dosimetric param-
eters of all patients were as follows: the mean value was
31.02 ± 0.73 Gy; the maximum value was 64.36 ± 0.40 Gy; V30,
V35 and V50 (percentage volume of esophagus receiving a speci-
fied dose in 30 Gy, 35 Gy and 50 Gy) was 52.24 ± 0.11,
49.10 ± 0.11 and 38.43 ± 0.12, respectively.
Treatment delivery

98.8% of patients who completed treatment were per protocol
or with an acceptable deviation. Three patients gave up treatment
during radiotherapy for bacterial pneumonia (arm A), mycotic
infection (arm C) and medical insurance (arm C). Grade 4 neu-
tropenia (n = 1) was observed only in arm B with 3 days continuous
interruption of radiation. Grade 4 or 5 hematologic toxicity was not
observed including anemia, thrombocytopenia and blood infection.
Grade 3 non-hematologic adverse events were vomiting (seen in 5
patients) and gastrointestinal toxicity (seen in 4 patients), both of
which were related to the chemotherapy. The above adverse reac-
tions were no considered possibly, probably, or definitely related to
EGCG or mLDG. Only Grade 1 nausea in one patient was considered
to have a possible relationship with EGCG disagreeable taste, and
gradually disappeared one week after continued medication. No
other adverse effects to EGCG were noted.
Acute esophagitis

The primary objective of the study was to determine if EGCG
was more effective in preventing or reducing ARIE than conven-
tional therapy. This early radiation toxicity occurred during the
third week (rang, 1–7 weeks) in most patients, and 5 patients
had no ARIE. And the mean duration of treatment with EGCG or
mLDG in arm A–C was 8.26 ± 0.66, 6.48 ± 0.94 and 6.27 ± 0.96,
respectively. The distribution of maximum acute esophagitis grade
in each treatment group was presented in Table 2. No patients had
grade 4 esophagitis. The difference among the three groups was
statistically significant (P = 0.004). Although no statistical differ-
ence in esophagitis was observed between arm A (prophylactic
application) and arm B (therapeutic application), the maximum
ARIE for patients with EGCG application (arm A + B) was signifi-
cantly lower than that for patients with conventional therapy
(arm C) (P = 0.054; P = 0.036).

The mean AEI of patients in arm A-C was 3.56 ± 2.90, 5.19 ± 2.73
and 7.46 ± 1.88, respectively. Moreover, differences were statisti-
cally apparent in the following pairwise comparisons: arm A
+ arm B vs arm C P < 0.001; arm A vs arm C, P < 0.001; arm B vs
arm C, P = 0.002; arm A vs arm B, P = 0.028. The mean API for
patients in arm C was 16.38 ± 4.45; for patients in arm A + arm B,
7.19 ± 5.07 (when compared with arm C, P < 0.001); for patients
in arm A, 6.59 ± 6.03 (when compared with arm C, P < 0.001);
and for patients in arm B, 7.78 ± 3.92 (when compared with arm
C, P < 0.001). The one-way analysis of variance also revealed a sta-
tistically significant difference in ADI among arm A-C. The mean
ADI of arm A + arm B, arm A, arm B to arm C was 2.07 ± 2.34,
1.41 ± 2.08, 2.74 ± 2.43 and 5.00 ± 3.03 in turn. The ADI of the
two groups using EGCG was lower than that of the conventional



Table 1
Pretreatment characteristics.

Characteristic Arm A (n = 28) Arm B (n = 27) Arm C (n = 28) P

Age (years)
Mean ± SD 59.32 ± 7.98 58.63 ± 9.46 59.05 ± 8.68 0.954

Sex (n)
Male 25 22 20
Female 3 5 8 0.236

KPS score (n)
70 1 0 0
80 10 11 13
90 16 16 15
100 1 0 0 0.837

Smoking index (years * root)
Mean ± SD 700.00 ± 614.03 551.85 ± 559.79 578.57 ± 545.25 0.594

Stage (n)
IIIA 6 6 10
IIIB 22 21 18 0.398

Pathology (n)
Squamous 13 4 6
Adenocarcinoma 3 9 9
Small cell cancer 12 14 13 0.053

Total dose (Gy)
Mean ± SD 58.80 ± 3.48 58.17 ± 3.31 58.12 ± 3.55 0.716

Treatment scheme (n)
Concomitant CRT 14 17 18
Sequential CRT 14 10 10 0.488

Dose of esophagus
Mean value (Gy)
Mean ± SD 29.30 ± 7.02 32.11 ± 6.94 31.70 ± 5.92 0.239

Maximum value (Gy)
Mean ± SD 64.70 ± 3.75 64.43 ± 3.78 63.94 ± 3.60

V30 value (%) 0.742
Mean ± SD 49.13 ± 0.13 54.79 ± 0.11 53.29 ± 0.10

V35 value (%) 0.163
Mean ± SD 45.91 ± 0.13 51.37 ± 0.11 50.11 ± 0.10 0.175

V50 value (%)
Mean ± SD 35.29 ± 0.10 40.86 ± 0.13 39.23 ± 0.11 0.194

Table 2
Distribution of maximum acute radiation-induced esophagitis grade and tumor response by treatment group.

arm A arm B arm C Total P value

Maximum acute radiation-induced esophagitis grade
0 5(19%) 0(0%) 0(0%) 5(6%)
1 18(67%) 24(89%) 17(65%) 59(74%)
2 4(15%) 3(11%) 8(31%) 15(19%)
3 0(0%) 0(0%) 1(4%) 1(1%) P = 0.004

Response
Complete response 2(7%) 2(7%) 1(4%) 5(6%)
Partial response 19(70%) 20(74%) 19(73%) 58(73%)
Stable disease 3(11%) 2(7%) 3(12%) 8(10%)
Progressive disease 3(11%) 3(11%) 3(12%) 9(11%)
Overall response 21(78%) 22(81%) 20(77%) 63(79%) P = 0.998
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treatment group (arm A + arm B vs arm C, P < 0.001; arm A vs arm
C, P < 0.001; arm B vs arm C, P = 0.002). However, no statistical dif-
ference was observed between arm A and arm B in API or ADI
(P = 0.375 or P = 0.057). Fig. 3 showed the detailed distribution of
maximum esophagitis grades, pain score and dysphagia score for
the different treatment groups during the course.
Response rates

Three patients who terminated protocol treatment were
excluded from the analysis owing to unevaluable response. Overall,
78% of patients had an objective response at computed tomogra-
phy (CT) evaluation within three weeks after completing study
treatment (Table 2). There was no significant difference in
response rates among the three groups.
Discussion

Although most studies showed concurrent chemoradiotherapy
or higher radiation doses or hyperfractionation schemes could pro-
long the survival of patients with lung cancer, better outcomes
were accompanied by an increase in the incidence of ARIE
[18–20]. Continuous improvements in treatment planning and
techniques were used to reduce radiation toxicity. The 3DCT plan-
ning enabled investigators to minimize esophageal dose–volume



Fig. 3. The detailed distribution of maximum esophagitis grades, pain score and dysphagia score in different treatment groups during the course. arm A: patients received
EGCG from the start of radiotherapy to two weeks after the end of radiotherapy; arm B: patients received EGCG from initiated soon after developing mild esophagitis to two
weeks after the end of radiotherapy; arm C: patients received mLDG from immediately after the documentation of developing mild esophagitis to two weeks after the end of
radiotherapy. Panels A–C show esophagitis grades, pain score and dysphagia score over time according to trial schedule.
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histogram (DVH) parameters associated with esophagitis, such as
mean esophagus dose and V50 [21–22]. With the advent of novel
technologies such as intensity modulated radiation therapy,
4DCT, gating and image guided radiation therapy, studies focused
on how to deliver lethal doses to cancer while reducing
treatment-related toxicity. However, ARIE was still inevitable due
to the physical properties of X-rays and the genetic susceptibility
of patients [23]. In the meta-analyses and prospective trials, the
incidence of grade 3–4 acute esophagitis caused by concurrent
chemoradiotherapy was usually about 20–30% [24–26]. The pro-
portion of high-grade esophagitis was lower in our study, even in
the mLDG-treated group. This was probably an effect of efficacity
of supportive care. Other possible explanations might not be
excluded, such as the presence of sequential CRT, novel radiation
technologies, the differences in chemotherapy regimens, the small
sample sizes and the low total doses.

Radiation protective chemical/biological agents were applied as
the other main method for the prevention and treatment of ARIE.
Radiation protectants, including sulfhydryl compounds, nitroxides,
antioxidant compounds and non-antioxidant radioprotectors, had
been tried orally or intravenously with some success [27]. Estab-
lished clinical efficacy, no tumor protection, and acceptable toxic-
ity were the important considerations for developing these agents
[28]. EGCG and honey, which a traditional Chinese medicine called
the drug homologous food, had been tested as a way to reduce
radiation-induced normal tissue toxicity and complications
recently. A retrospective study showed that a skin care program
containing tea extracts helped to restore skin integrity for Grade
�2 skin lesions in the head and neck and pelvic regions [29]. A ran-
domized phase II trial of prophylactic manuka honey during the
treatment of lung cancer (NRG Oncology RTOG 1012) showed
honey was not superior to best supportive care in preventing radi-
ation esophagitis. And the active species in the agent were incom-
pletely known [30].

This trial supported the hypothesis that EGCG was more effec-
tive than conventional therapy (mLDG) in preventing or minimiz-
ing radiation-induced dermatitis. There was an overall difference
in prevention or duration of radiation-induced dermatitis between
EGCG and mLDG. The data also showed the earlier EGCG was
applied, the more benefits patients had for AEI. The severity of
esophagitis in group A was lower than that in group B, and five
patients in arm A had no esophagitis. No significant differences
were found due to relatively small number of patients. This study
also showed that the use of EGCG can improve the patient’s dys-
phagia and pain symptoms. Instead of progression of its severity,
a rapid regression of esophagitis was noted in most cases in arm
B, which was consistent with our previous research. The area under
grade-duration curve was similar in arm A and B, but patients in
arm A had less pain and dysphagia. These might mean a better
quality of life and a medication adherence. EGCG was generally
considered a safe food like honey, and only few patients were aller-
gic to it. All of the reported events with large-quantity application
were rated as mild events, such as excess gas, nausea, heartburn,
abdominal pain [31]. The adverse events associated with EGCG
were also mild in this study. Previous studies on NSCLC and SCLC
with concurrent radiotherapy reported an ORR of 63–76% and
77–90%, respectively [32–35]. In our study, concurrent radiother-
apy yielded an ORR of 78%. However, the results of these studies
might be not necessarily comparable due to differences in patient
selection, staging procedures, chemotherapy, CRT timing and
schedules, and response evaluation.

From what had been discussed above, ECGC could be safely
used as a radioprotectant for patients undergoing radiotherapy
and occupationally exposed individuals. However, some limita-
tions of this study should be emphasized. Firstly, no Kuwahata’s
endoscopic grade of esophagitis was obtained, and the esophagitis
scores and treatment interruption were mainly according to the
clinical symptoms. However, invasive procedure would worsen
the condition of esophagitis and compromise the interests of
human subjects. Secondly, a wide range of total radiation doses,
loss of appropriate sample stratification and large ranges of eso-
phageal doses might also have an impact on the demonstrated
findings, although there was no statistical difference in all the pre-
treatment characteristics among the three groups. Thirdly, Similar
to most double blinded trials on other radio-protective agents, an
unconscious bias toward experimental agents might be not com-
pletely excluded [36]. In addition, the impact of EGCG on survival
would be evaluated in further researches.

Conclusion

EGCG as prescribed within this protocol was superior to a tradi-
tional treatment in preventing radiation esophagitis. Prophylactic
EGCG application for reducing radiation-induced esophagitis was
superior to therapeutic one. Further studies are warranted to
determine if patients with chronic esophagitis would benefit from
EGCG, and whether EGCG applications would alleviate radiation
mucositis or dermatitis.
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