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Abstract

Background The purpose of the current study is to eval-
uate the efficacy and complications of concurrent chemo-
radiotherapy (CCRT) for the treatment of gastric cancer
patients after D1/D2 surgery.

Methods ~ Sixty-eight untreated gastric cancer patients
(T3/T4 and/or N+) were enrolled. After surgery, they were
randomized into two groups: the CCRT group and the single
chemotherapy group. Radiotherapy patients were treated
according to the Intergroup 0116 guidelines. The chemo-
therapy consisted of continuously administered 5-fluoro-
uracil (5-FU) and tetrahydrofolic acid (LV). The CCRT
began 28 days after the first cycle of chemotherapy, and
chemotherapy was given within the first four and last three
days during the CCRT period, at aradiation dosage of 45 Gy/
25 f, i.e., 1.8 Gy 5 times per week. Two cycles of the same
chemotherapy were administrated 1 month after the radio-
therapy. Five cycles of 5-FU and LV were applied to CG.
Results One-, two-, and three-year survival rates were
85.9, 73.4, and 67.7%, respectively, in the CCRT group
and 68.0, 50.0, and 44.1%, in the single chemotherapy
group (P < 0.05). The corresponding disease-free survival
rates were 73.5, 64.7, and 55.8% in the CCRT group and
61.8, 38.2, and 29.4% in the single chemotherapy group
(P < 0.05). The major side effects were gastrointestinal
reactions and neutrocytopenia. In both the CCRT and
single chemotherapy groups, the incidence of these side
effects was 73.5% (25/34) and 44.1% (15/34) (P < 0.05)
for Grade I and Grade II anorexia, 82.35% (28/34) and
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73.5% (25/34) (P > 0.05) for nausea and vomiting, and
70.6% (24/34) and 44.1% (15/34) (P < 0.05) for neutro-
cytopenia, respectively. The other indices showed no sig-
nificant differences.

Conclusions Our findings indicate that CCRT can
increase the one-, two-, and three-year total survival rates,
as well as the disease-free survival rates of gastric cancer
patients (T3/T4 and/or N+) who have been initially treated
with surgery. The major adverse reactions were Grade I
and Grade II nausea and vomiting, as well as myelosup-
pression. CCRT is well tolerated.

Keywords Gastric cancer - Chemotherapy - Intensity-
modulated radiotherapy - Concurrent chemoradiotherapy -
Surgery

Introduction

In the past, radiotherapy was generally used in alleviating
the symptoms induced by cancers. With the development
of radioactive sources, radiology, and treatment methods,
radiotherapy is becoming a more integral treatment
approach. Postoperative radiotherapy is becoming more
important in the treatment of gastric cancer. A milestone
study in the treatment of gastric cancer is a phase III trial
conducted by Macdonald et al. (2001) (Intergroup0116,
INTO116). Based on this study in 2004, the National
Comprehensive Cancer Network (NCCN) in the USA
adopted concurrent chemoradiotherapy (CCRT) as the
standard treatment for gastric cancer patients (T3/T4 and/or
N+) who underwent surgery prior to CCRT treatment.
However, this recommendation has not been totally
accepted in China, mainly because of the small number of
patients who met D1/D2 surgery standards in the INTO116
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trial, especially because only 10% of patients met the D2 £
clearance standards (Macdonald et al. 2001). Sixty-eight S o o
gastric cancer patients (T3/T4 and/or N+) were enrolled in
the present study. They underwent standard D1/D2 clear-
ance surgery from March 2006 to July 2007. A random- " TS)
ized, controlled design was applied to divide the patients éé
into the CCRT and single chemotherapy groups; the former gel|T e
received treatment (as described in INTO0116), which
consisted of intensity-modulated radiotherapy, and the 5
latter were treated with five cycles of 5-fluorouracil (5-FU) 2 §
and tetrahydrofolic acid (LV). The current study aims to = § = 9
investigate the significance of postsurgical CCRT for local
advanced gastric cancer patients in China.
&
S5l2¢
Materials and methods g g5 5
EF| 2 2
General data 5
_g
The inclusion criteria were as follows: (1) the subjects a § T Q
must agree to participate in the study and sign an informed
consent form; (2) men or women who were 18-70 years <)
old; (3) the presence of gastric cancer with a pathological §
stage T3/T4 and/or N+ gastric adenocarcinoma, as proven gzl =
through histology; (4) previously untreated and with no g ©
prior history of cancer, chemotherapy, or radiotherapy; and
(5) laboratory tests at baseline are as follows: hemoglobin z S
(Hb) > 110 g/L, WBC > 3.5 x 10°/L, platelet > 100 x = o O
10°/L, hepatic and renal function <1.25 times normal - o o
upper limit, and blood glucose in normal range (Table 1). &= a A
This study was conducted in accordance with the decla- s - <
ration of Helsinki. This study was conducted with approval E o o
from the Ethics Committee of the First People’s Hospital 2 E £
in Huai’an (Permit Number: 20060108006). Written |18 |53
informed consent was obtained from all participants. -q;) %D g g
R =W
Treatment method :f_{ i
2|2
All the patients received therapy 3-4 weeks after surgery. E E S
In the CCRT group, intensity-modulated radiotherapy was & o
applied, and the radiation scope was determined based on § é Q=
the intraoperative situation and the silver-clip labels, as g
well as the NCCN guidelines. The target areas consisted of R
the tumor bed, the stroma, and the draining lymph nodes. %”; —% °
The therapeutic machine was a Siemens ONCOR Lineal g|= FlE R
Accelerator, and CMS treatment planning system was % z i
used. The radiation limits of sensitive tissues were as fol- 2
lows: 60% < 30 Gy for the liver, <45 Gy for the spinal E z
cord, an average dosage of <10 Gy and the volume treated E? g
with 20 Gy < 20% for the kidneys, and 1/3 < 50 Gy for 5 g* g
heart. The dosage for the lungs and the left ventricle was - @ E |8
reduced as much as possible. The dosage for the target area = % o) g i
was 45 Gy/28. All patients underwent chemotherapy that =135 84 ~a
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consisted of 425 mg/m? 5-FU and 25 mg/m” LV for one
cycle prior to the concurrent radiotherapy. Chemotherapy
was also given within the first 4 days and last 3 days during
the chemoradiotherapy period (400 mg/m® 5-FU and
25 mg/m” LV) and after chemoradiotherapy (two cycles of
425 mg/m? 5-FU and 25 mg/m* LV). In the single che-
motherapy group, 425 mg/m? 5-FU and 25 mg/m* LV were
given for five cycles.

Evaluation of toxic reaction

Acute toxic reactions were evaluated using the criteria
described by the Common Terminology Criteria for
Adverse Events v3.0 (CTCAE).

Statistical analysis

Survival time was defined as the duration from definitive
diagnosis until death. SPSS 13.0 software was used for data
management. The data were compared using a y* test.
Survival analysis was performed using the Kaplan—-Meier
method using a log-rank test. P < 0.05 was considered
statistically significant.

Results
Treatment state

All patients in the CCRT group completed the treatment
plan except for four who discontinued treatment after
2-5 days because of severe adverse reactions during
radiotherapy. All patients in the single chemotherapy group
continued treatment.

Survival state

All patients completed the 3-year follow-up period. One-,
two-, and three-year survival rates were, 85.9, 73.4, and
67.7% in the CCRT group and 68.0, 50.0, and 44.1% in the
single chemotherapy group (y* = 4.367, P = 0.037). The
corresponding disease-free survival rates were 73.5, 64.7,
and 55.8% in the CCRT group and 61.8, 38.2, and 29.4% in
the single chemotherapy group (y* = 5.297, P = 0.021)
(Figs. 1, 2).

Adverse reactions

The major adverse reactions were gastrointestinal reactions
and neutrocytopenia. In both the CCRT and the single
chemotherapy groups, the incidences were 73.5% (25/34)
and 44.1% (15/34) (P < 0.05) for Grade I and Grade II
anorexia, 82.35% (28/34) and 73.5% (25/34) (P > 0.05)
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Fig. 1 Overall survival rate curve for both groups (P = 0.037)
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Fig. 2 Disease-free survival rate curve for both groups (P = 0.021)

for nausea and vomiting, and 70.6% (24/34) and 44.1%
(15/34) (P < 0.05) for neutrocytopenia, respectively
(Table 2).

Discussion

Gastric cancer has the second highest morbidity and mor-
tality rates worldwide. In America, approximately 36,830
new patients are diagnosed with upper gastrointestinal
cancer and 25,200 cases died from the disease in 2006
(Jemal et al. 2006). Surgery is the primary treatment for
gastric cancer. However, most patients are initially diag-
nosed with middle and advanced stage cancer, and a single
surgery has poor efficacy mainly because of the high local
relapse rate after surgery (Roukos and Kappas 2005). As a
result, CCRT is, as of 2004, the standard therapy for gastric
cancer patients treated with surgery by NCCN, following
the results of the phase III clinical trial (INTO116) by
Macdonald et al. (Macdonald et al. 2001). Consequently,
the proportion of gastric cancer patients who receive CCRT
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Table 2 Comparison of toxic reactions between the two groups (CTCAE.30)

Group Anorexia Nausea and vomiting HB decrease Neutrocytopenia Thrombocytopenia
I mIiv I I 1v I miIiv I I 1v 111 I 1v
CCRT group 73.5% 8.8% 82.4% 14.7% 44.1% 8.8% 70.6% 26.5%  32.4% 14.7%
(25/34)  (3/34)  (28/34) (5/34) (15/34)  (3/34)  (24/34)  (9/34) (11/34) (5/34)
Single radiotherapy group  44.1% 5.9% 73.5% 8.8% 38.2% 2.9% 44.1% 17.6%  353% 8.8%
(15/34)  (2/34)  (25/34) (3/34) (13/34)  (1/34)  (15/34)  (6/34) (12/34) (3/34)
P 0.014 1.000 0.380 0.707 0.622 0.606 0.027 0.416 0.798 0.452
Group Abdominal pain Diarrhea ALT increase Liver enzyme increase
1 I IV 111 I v 111 I Iv 111 I v
CCRT group 23.5% 2.9% 14.7% 0.0% 26.5% 0.0% 8.8% 0.0%
(8/34) (1/34) (5/34) (0/34) (9/34) (0/34) (3/34) (0/34)
Single radiotherapy group 17.6% 2.9% 8.9% 0.0% 20.6% 0.0% 5.9% 0.0%
(6/34) (1/34) (3/34) (0/34) (7/34) (0/34) (2/34) (0/34)
P 0.549 1.000 0.707 1.000 0.567 1.000 1.000 1.000

after surgery increased from 6.5 to 13.3% (P < 0.0001) in
the USA based on the results of an authoritative survey
(Kozak and Moody 2008). A similar trend was also
observed in Canada where the proportion increased from
14.6 to 30.4% (Coburn et al. 2008) (P < 0.001). Consid-
ering the regional differences in medical stages and the
variations in the scope of surgical clearance, this treatment
model has become the internationally accepted approach
for patients with DO or positive postoperatively at the
surgical margins. However, improvement of the survival
rate among patients with D1/D2 clearance standards is
controversial. Therefore, a consensus has not been reached
on this treatment, especially in China. Consequently, data
were collected from 68 gastric cancer patients (T3/T4 and/
or N+) who were treated with standard D1/D2 surgery with
RO surgical margins. A randomized controlled design was
applied to clarify the significance of CCRT in China.
After treatment, their one-, two-, and three-year survival
rates were 85.9, 73.4, and 67.7% in the CCRT group and
68.0, 50.0, and 44.1% in the single chemotherapy group,
respectively (P < 0.05). The corresponding disease-free
survival rates were, 73.5, 64.7, and 55.8% in the CCRT
group and 61.8, 38.2, and 29.4% in the single chemotherapy
group, respectively (P < 0.05). We found that more than
50% of patients relapse locally or regionally (Roukos and
Kappas 2005; Coburn et al. 2008), and the 5-year overall
survival rate does not exceed 40.0%, even after RO resection
surgery therapy. The relapse rate reached up to 60% for
tumors, regional lymph nodes, and the stump and stroma of
patients of T4/Tx and/or N+, whereas their 5-year survival
rate was only around 25% (Hartgrink and van de Velde
2005). Consequently, radiotherapy-supplemented surgery is
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a reasonable option for reducing the local or regional
relapse rate. Korean scholars not only carried out a phase 11
clinical trial (Lim et al. 2004) similar to INTO0116 (all
patients received D2 surgery) but also performed a multi-
centric retrospective research (Kim et al. 2005). In the
postoperative CCRT group and the single operation group,
the relapse rates in the radiotherapy field were 14.9 and
21.7%, the 5-year relapse-free survival rates were 54.5
and 47.9%, and the 5-year overall survival rates were 57.1
and 51.0%, respectively. The meta-analysis by Francesco
(Fiorica et al. 2007) also indicated that the combination of
chemotherapy and radiotherapy after surgery greatly redu-
ces the 5-year mortality rate of patients with gastric cancer
compared with surgery alone. Although the toxic side
effects also increased significantly, the treatment-related
mortality did not exhibit a similar trend. There are some
similarities and differences between our conclusion and
those above, i.e., the current study compared CCRT and
postoperative chemotherapy and utilized a randomized
controlled study design that specifically highlights the value
of radiotherapy.

The use of a large radiation scope after gastric cancer
surgery enables the more accurate tracking of damage to
sensitive tissue during radiotherapy. Several groups
reported (Jansen et al. 2007) that if 20% of one kidney is
radiated with more than 20 Gy during radiotherapy, 11 and
52% of patients suffer from renal insufficiency within half
a year and within 1 year after radiotherapy, respectively.
For the radiotherapy method, the present study utilized
intensity-modulated radiotherapy to limit the dose received
by the kidneys to an average of less than 10 Gy and a
volume of 20 Gy below 20%. Milano et al. (20006) treated
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seven gastric cancer patients with IMRT and compared the
IMRT plan, conventional anterior and posterior field radi-
ation plan, and three-dimensional conformal radiotherapy.
IMRT was found to have an advantageous dose distribution
in the target area and the protection of high-risk organs. In
the current study, the indices relating to liver and kidney
injuries in the CCRT group are not significantly different
from the single chemotherapy group, which is consistent
with the aforementioned conclusion. In the CCRT and
single chemotherapy groups, the incidences were 73.5%
(25/34) and 44.1% (15/34) (P < 0.05) for Grade I and II
anorexia, 82.35% (28/34) and 73.5% (25/34) (P > 0.05)
for nausea and vomiting, and 70.6% (24/34) and 44.1%
(15/34) (P < 0.05) for neutrocytopenia, respectively.
Apparently, Grade I and II anorexia, as well as neutrocy-
topenia, is significantly more common in the CCRT group
than in the single chemotherapy group. These effects were
mainly observed in the Grade I and II, which had no effect
on the treatment. Four patients (11.8%, 4/34) in the CCRT
group discontinued treatment because of adverse reactions;
the longest duration of treatment discontinuation was
5 days, and no patient died from the treatment.

The chemotherapy scheme using 5-FU and LV was used
in the current study, and it is still recommended by the
NCCN guidelines. Even if new chemotherapeutic agents
are developed, the combination of capecitabine and oxa-
liplatin with radiotherapy is used internationally. These
new chemotherapy schemes are expected to provide
promising results.

In conclusion, CCRT is preferable for gastric cancer
patients (T3/T4 and/or N+) who have undergone standard
D1 or D2 surgery. For the advanced intensity-modulated
radiotherapy in the present paper, the side effects can be
tolerated and the dose received by sensitive tissue such as
the kidneys can be controlled.
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