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Abstract 
Purpose: Aim of this prospective, phase III trial was to compare the efficacy and toxicity of intra-
venous fluorouracil and oral capecitabine when given concurrently with radiation in adjuvant sit-
ting for adenocarcinoma of the stomach after gastrectomy with D2 resection. Patients and Method: 
The study included 60 patients having histologically proven adenocarcinoma of the stomach or 
gastroesophageal junction; stage T2-4 N0-3 M0 after gastrectomy with D2 lymph node dissection. 
Eligible patients were randomly assigned to receive adjuvant radiotherapy concurrently with in- 
travenous fluorouracil [arm A] or oral capecitabine [arm B]. Results: Ten patients cannot complete 
their whole treatment course because of either progressive [4 patients; 2 arm A and 2 arm B] or G 
3 toxicity [1 patient] or refuse to complete their treatment [5 patients; 3 arm A and 2 arm B]. Pa-
tients received fluorouracil have significant increase grade 3 or 4 hematological [neutropenia] 
and gastrointestinal (diarrhoea, anorexia, and vomiting). During a median follow-up period of 24 
months, the 2-year disease free and overall survivals in this study were 60% and 63.3%, for 
groups A and B respectively, while overall survival were 63.3% and 70% for groups A and B re-
spectively without significant differences. Conclusion: Oral capecitabine concurrently with radia-
tion therapy has comparable efficacy and favourable toxicity profile when compared to infusion 
fluorouracil as postoperative adjuvant therapy for gastric adenocarcinoma. 
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1. Introduction 
Surgery is the curative treatment for gastric cancer. However, the outcome of large T3 - T4 tumours and those 
with lymph node involvement remains poor after surgical resection alone with high risk of local and distant re-
currence [1]. Many studies attempted to improve the prognosis of resected gastric cancers. These include peri-
operative chemotherapy and postoperative chemotherapy, radiation therapy and chemoradiotherapy [1]. 

It was a substantial increase in survival with perioperative chemotherapy in the so-called Medical Research 
Council Adjuvant Gastric Infusional Chemotherapy (MAGIC) study. In this randomized Phase III study of 503 
patients, three courses of epirubicin, cisplatinum, and 5-fluorouracil (5-FU) chemotherapy before surgery and 
three courses afterward significantly prolonged progression-free and overall survival (23% for surgery only and 
36% with perioperative chemotherapy at 5 years). Nevertheless, the MAGIC trial seems to have some weak-
nesses as 6.1% of patient had disease progression and became unresectable losing their chance of surgery, 34% 
did not received postoperative chemotherapy, and only 42% completed whole protocol of treatment [2].  

Italian Oncology Group for Cancer Research conducted a randomized controlled trial and treated 258 patients 
with surgery or surgery followed by chemotherapy, with a median follow-up of 72.8 months, there was no sig-
nificant difference in disease-free survival or overall survival between the two arms [3].  

Postoperative radiotherapy alone has no advantage [4], however addition of chemotherapy to postoperative 
radiotherapy improves survival. The landmark randomized Intergroup 0116 study concluded that postoperative 
chemoradiotherapy with 5-FU prolonged 5-year overall survival compared to surgery alone (40% versus 22%) 
[5]. Update of this trial confirms this improvement of survival with more than 10 years median follow-up [6]. In 
this study chemotherapy was given concurrently only during the first 4 and last 3 days, to a total of 7 days, of 
radiotherapy, resulting in a limited interaction between both treatment modalities. However in this trial toxicity 
was relatively high and only 64% complete chemoradiation course [5]. 

In patients with advanced gastric cancer, some studies reported that 5-FU-based regimens is effective [7], 
however many studies found that continuous infusion 5-FU is more effective than the bolus 5-FU gastrointestin-
al malignancies [8]. 

Capecitabine is at least as effective and has a favourable side-effect profile compared with 5-FU [9]. In addi-
tion, chemoradiotherapy with daily capecitabine is feasible in postoperative patients with gastroesophageal junc-
tion and gastric cancer [10].  

The ease of oral administration, equivalent efficacy, and inferior toxicity of capecitabine compared with the 
continuous infusion of 5-FU makes the use of capecitabine concurrently with radiotherapy is an attractive op-
tion.  

This is phase III study to compare the efficacy and toxicity of intravenous fluorouracil and oral capecitabine 
when given concurrently with radiation in adjuvant sitting for adenocarcinoma of the stomach after surgery. 

2. Patients and Methods 
The current randomized prospective phase III study included 60 patients with cancer stomach after gastrectomy 
and was carried out at surgical oncology and radiation oncology departments, South Egypt Cancer Institute, As-
siut University and Kasr Al-Einy Cancer Center, Cairo University, during the period from Feb 2008 to Oct 2013. 
Every patient who participated in this study gave informed consent, and our ethical committee approved the 
study. 

2.1. Inclusion Criteria 
The study included patients having histologically proven adenocarcinoma of the stomach or gastroesophageal 
junction in American Joint Committee on Cancer Stage T2-4 N0-3 M0. All patients underwent gastric resection 
with D2 lymph node dissection with negative pathological tumor margin (R0) with the following eligibility cri-
teria: age ≥18 and ≤70 years; PS ≤ 2 according to ECOG. Laboratory, they should had a hemoglobin level ≥10 
gm/L, neutrophils ≥1.5 × 109/L and thrombocytes ≥100 × 109/L, creatinine ≤1.25 ULN (upper limit of normal) 
and creatinine clearance ≥60 ml/min, bilirubin level ≤1.5 ULN and ALP, AST and ALT levels ≤3 ULN. 

The surgical requirement for eligibility was curative, with en bloc resection of the tumour with disease-nega- 
tive margins. All patients had undergone extensive (D2) lymph node dissection. This procedure entails resection 
of all perigastric lymph nodes and celiac, splenic or splenic-hilar, hepatic arterial, and cardial lymph nodes, de-
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pending on the location of the primary tumor. 
We excluded patients with previous malignancies or co morbidity that might compromise delivery of the 

planned treatment.  
Treatment must start within 45 days after surgery.  
Eligible patients were randomly assigned to receive adjuvant radiotherapy concurrently with intravenous flu-

orouracil [arm A] or oral capecitabine [arm B]. Stratification factors were disease stage, type of surgery (subtot-
al v total gastrectomy) and availability of capecitabine. 

2.2. Treatment Plan 
Surgery 
Twenty-five patients (41.7%) underwent subtotal distal gastrectomy as the tumors were located in antrum while 
twelve patients (20%) underwnt subtotal proximal gastrectomy while Thirteen patents (38.3%) underwnt total 
gastrectomy. In all patients, a D2 lymphadenectomy was performed.  

2.3. Chmeotherapy 
2.3.1. Arm A 
One cycle of chemotherapy (fluorouracil, 425 mg/m2/day, and leucovorin, 20 mg/m2/day, for 5 days). On day 28, 
chemoradiotherapy started with fluorouracil (400 mg/m2/day) and leucovorin (20 mg/m2/day) on the first four 
and the last three days of radiotherapy were given. Additional two cycles of chemotherapy (fluorouracil, 425 
mg/m2/day, and leucovorin, 20 mg/m2/day, for 5 days), started one month after radiotherapy.  

2.3.2. Arm B 
Patient received one cycle of capecitabine 1000 mg/m2 every 12 hours daily for 2 weeks then one week rest 
(Days 15 - 21). 

Chemoradiotherapy started on Day 22, with capecitabine (825 mg/m2 orally every 12 hours after meal, with 
the first dose administered within 3 hours before radiotherapy), Capecitabine were given on radiation therapy 
days only.  

Additional three cycles of chemotherapy 3 cycles of oral capecitabine 1000 mg/m2 every 12 hours for 2 weeks 
repeated every 3 weeks, started one month after radiotherapy.  

2.3.3. Radiation Therapy 
The recommended radiation dose was 45 Gy/25 fractions in 5 weeks. 

The patient was simulated and treated with an empty stomach (minimum 4 hours). On simulator, patients 
immobilized in supine position with arms extended over the head to allow treatment of oblique or lateral fields. 

We used fluoroscopic simulation as we can evaluate magnetite of respiratory movement of the left hemi-
diaphragm to create PTV for GEJ and proximal stomach tumors. 

Then patient referred to CT simulator. On the same position of simulation, multiple CT cuts at 0.5 cm interval 
throughout the treatment volume (using CT simulator). CT data transferred to the compute treatment planning 
system. At each CT slice, we defined the target volume, and OAR. 

CTV include includes the tumor bed, primary lymph nodes, a minimum 1 cm expansion of the CTV to create 
a PTV is appropriate during 3-D treatment planning. We consider greater expansion for target along the left he-
midiaphragm to accommodate respiratory movement as determined during flouroscopy. We used data collected 
from the preoperative upper GI series; CT scan, operative findings, and clip placement define the tumor bed and 
lymph node areas. 

The tumor bed includes the maximum preoperative stomach volume. Caese with T3 or T4 tumors, we in-
cluded areas of local tumor extension and the medial two thirds to three fourths of the left hemidiaphragm. 

The regional-lymph-node areas that irradiated were Perigastric, celiac, local paraaortic, splenic, hepatoduo-
denal or hepatic-portal, and pancreaticoduodenal lymph nodes according to the definitions of the Japanese Re-
search Society for Gastric Cancer.  

Three-dimensional plan was generated applying ICRU 50 recommendations, the dose to a given volume of 
kidney or liver must not exceeds its functional tolerance. 



H. Abbas et al. 
 

 
957 

2.3.4. Follow Up 
During treatment, laboratory investigations [complete blood picture, liver and renal function] every 4 weeks. Pa-
tients underwent physical examination to determine GIT toxicities (diarrhea, nausea, vomiting, and mucositis), 
neurotoxicity, weight loss, fatigue, and hand foot syndrome according to common toxicity criteria of National 
Cancer Institute version 3.0. 

The sites of relapse were classified as follows: the relapse was coded as: Locoregional (tumor detected within 
the radiation fields), peritoneal (tumor detected in the peritoneal cavity) and distant metastases (metastases were 
outside the peritoneal cavity, including liver). 

2.3.5. Statistical Considerations 
The primary end point of the study was disease-free survival (DFS), with overall survival, recurrence rate, and 
toxicity as key secondary end points. 

All P values are two sided. 

3. Result 
Between Feb 2008 and Oct. 2013, a total of 60 patients attended to South Egypt Cancer Institute, Assiut Univer-
sity and Kasr Al-Einy Cancer Center, Cairo University were entered in this study.  

3.1. Patients’ Characteristics 
This study included 60 patients (36 males and 26 females) with ages ranging from 24 to 62 years. Most of our 
patients (95%) had performance status 0 or 1. Twenty-five patients (41.7%) underwent subtotal distal gastrec-
tomy as the tumors were located in antrum while twelve patients (20%) underwnt subtotal proximal gastrectomy 
while Thirteen patents (38.3%) underwnt total gastrectomy. In all patients, a D2 lymphadenectomy was per-
formed. The patients were at high risk for relapse; forty-six patients had pathologically involved nodes; 31 
(51.7%) N1 nodes, 15 (25%) N2 nodes and 14 (23.3%) N0 nodes and 68.3% had stage T3 or T4 (Table 1). 

3.2. Treatment Delivery 
Eighty per cent of group A and 86.7 group B completed their whole treatment course either due to doctor with-
drawal [one patient] as of intolerability for treatment, disease progression [4 patients and change their line of 
treatment to platinum based chemotherapy] or patient refusal of treatment due to toxicities [5 patients] as shown 
in Table 2. 
 

Table 1. Patients’ characteristics. 

Variable A B 
P value 

Age 50 49 

Sex 
Male 17 19 

NS 
Female 13 11 

PS 

0 7 3 

NS 1 22 25 

2 1 2 

Tumour 

T2 10 9 

NS T3 14 15 

T4 6 6 

Node 

N0 7 6 

NS N1 16 15 

N2 7 9 

Gastrectomy 
Total 11 12 

NS 
Partial 19 18 
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3.2.1. Toxicity 
Toxicities of grade 3 or 4 are summarized in Table 3.  

Fluorouracil have significant increase grade 3 or 4 hematological [neutropenia] and gastrointestinal (diarrhoea, 
anorexia, and vomiting).  

3.2.2. Survival and Relapse 
During a median follow-up period of 24 months, the 2-year disease free and overall survivals in this study 

were 60% and 63.3%, for groups A and B respectively, while overall survival were 63.3% and 70% for groups 
A and B respectively (Figure 1).  

Pattern of relapsed are presented in Table 3, locoregional relapse within radiation field were detected in 20% 
of cases while distant metastasis were detected in 18.3% (Table 4). 
 

Table 2. Treatment delivery. 

Treatment 
A B Total 

No. [%] No. [%] No. [%] 

Completed 24 [80] 26 [86.7] 50 [83.3] 

Not completed 

Stop treatment 

Toxicity 1 [3.3] 0 [0] 1 [1.6] 

Refused 3 [10] 2 [6.7] 5 [8.3] 

Total 4 [13.3] 2 [6.7] 6 [10%] 

Disease progression 2 [6.7] 2 [6.7] 4 [6.7] 

Total 6 [20] 4 [13.3] 10 [16.6] 

 
Table 3. Toxicities. 

Toxicity 
≥G3 

P value 
A B 

Hematological  
toxicities 

Anemia 4 [13.3] 2 [6.7] NS 

Neutropenia 8 [26.7] 1 [3.3] 0.03 

Thrombocytopenia 0 [0] 0 [0] NS 

GIT toxicities 

Diarrhea 7 [23.3] 0 [0] 0.01 

Anorexia 6 [20] 0 [0] 0.02 

Nausea 2 [6.7] 0 [0] NS 

Vomiting 0 [0] 1 [3.3] NS 

Dysphagia 2 [6.7] 0 [0] NS 

Mucositis 6 [20] 0 [0] 0.03 

Neurotoxicity 0 [0] 0 [0] NS 

Weight loss 1 [3.3] 0 [0] NS 

Fatigue 2 [6.7] 0 [0] NS 

Hand foot syndrome 0 [0] 0 [0] NS 

 
Table 4. Pattern of relapse. 

Site A B P value 

Local 5 [16.7] 4 [13.3] 

NS 
Regional 2 [6.7] 1 [3.3] 

Peritoneal 4 [13.3] 6 [20] 

DM 5 [16.7] 6 [20] 
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Figure 1. 2-year disease free survival and overall survival. 

4. Discussion 
The landmark trial of the adjuvant therapy of cancer stomach is the intergroup trial SWOG 9008/INT-0116 [5]. 
Patients with T3, T4, and/or node positive adenocarcinoma of the stomach or GE junction were eligible for par-
ticipation. After a resection with negative margins, 603 patients were randomized to either observation alone or 
postoperative combined modality treatment consisting of five monthly cycles of bolus chemotherapy (5-fluo- 
rouracil and leucovorin) with RT (45 Gy) concurrent with cycles 2 and 3. There was a significant decrease in 
local failure as the first site of failure (19% vs. 29%) as well as an increase in median survival (36 vs. 27 
months), 3-year relapse-free survival (48% vs. 31%), and overall survival (50% vs. 41%, P = 0.005) with com-
bined modality treatment. Update of their results with more than 10 years median follow-up, survival remains 
improved in stage IB-IV (M0) gastric cancer cases treated with post-operative chemoradiation [6]. 

The Intergroup trial seems to have some weaknesses. First, it was difficult to assess precisely the treatment 
outcomes as only 181 out of 281 patients (64%) completed treatment as planned mostly due to increased toxici-
ties (17%) or refuse to complete their treatment course (8%). In-addition the limited patients number who un-
derwent D2 dissection in control arm that could explain the higher rate of local recurrence within control group 
(29% versus 19%). 

Continuous infusion 5-FU was found to be more effective than the bolus 5-FU gastrointestinal malignancies 
[8] Capecitabine (Xeloda), an oral fluoropyrimidine, is oral prodrug of 5-FU and absorbed intact through the gut 
and then activated by a series of enzymatic alterations [11] it is a reasonable alternative 5-FU in particularly 
when continuous-infusion 5-FU is considered. 

In patients with metastatic colorectal cancer, capecitabine was shown to be at least as effective and have a fa-
vorable side-effect profile compared with intravenous 5-FU [9]. 

In patients with advanced gastric cancer, 5-FU-based regimens were reported to be effective [7]. Capecitabine 
was shown to have equivalent efficacy to continuous-infusional 5-fluorouracil (5-FU) in several phase III for 
gastric carcinoma [12]. 

The combination of 5-FU and concurrent radiotherapy was studied extensively in patients with rectal cancer 
[13]. Furthermore, daily administration of 5-FU analogues has become much easier with the introduction of the 
oral fluoropyrimidines, such as capecitabine.  

The ease of oral administration, equivalent efficacy, and inferior toxicity of capecitabine compared with the 
continuous infusion of 5-FU makes the use of capecitabine concurrent with radiotherapy an attractive option. 
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Capecitabine concurrent with radiotherapy was feasible with manageable toxicities and capable of inducing 
relevant tumor responses in upper gastrointestinal and rectal cancer [14]. 

Several phase I studies have already explored the addition of capecitabine with concurrent radiation in adju-
vant stomach cancer and shown it to be safe and tolerable [10] [15]. A retrospective study on postoperative ad-
juvant gastric therapy showed an equivalent survival between capecitabine and 5-FU when concurrent with rad-
iation. They concluded that capecitabine with concurrent radiation could be a reasonable alternative to 5FU-RT 
as adjuvant treatment in resected stomach cancer [16]. 

Extended node dissection (D2) was mandatory in our study based on three reasons. Firstly, Japanese investi-
gators emphasis that extended node dissection D2 or more improve survival [17]. Secondly, we preferred to 
avoid the problem of surgery present in INT-0166 trail. Thirdly, postoperative concurrent chemoradiation after 
extended node dissection has acceptable toxicity. Lim and his colleagues [18] conducted a trail to evaluate the 
effect of adjuvant chemoradiation after extended node dissection using the same protocol used in INT-0166 trial. 
They reported a low rate of local and regional recurrences and concluded that postoperative concurrent chemo-
radiation has acceptable toxicity and has a potential effect on reducing locoregional recurrence. In addition, an 
analysis was done in South Korea [19] and evaluated the potential role of postoperative chemoradiation [INT 
0166 protocol] after D2, revealed improvement of both recurrence free survival (RFS) and overall survival (OS). 

In the present study, locoregional recurrences at irradiation field occurred in 20% which in comparable with 
that reported by Lee and his colleagues [15]. MacDonald and his colleagues [5] reported a higher incidence of 
locoregional recurrence (19% local and 65% regional) this difference explained by two reasons. Firstly, only 10% 
of patients underwent extensive nodal dissection in addition to the different in of the patter of failure particularly 
regional failure. Secondly, the differences in the definition of locoregional relapse as we defined it as any recur-
rence detected within the radiation fields, however in INT-0166 trail; the coded the relapse as local if tumor was 
detected in the surgical anastomosis, residual stomach, or gastric bed. However, they defined recurrence region-
al if tumor detected in the peritoneal cavity (including the liver, intraabdominal lymph nodes, and peritoneum). 
Peritoneal recurrence was the most frequent (55.5%) pattern of relapse that in agreement with Yoo and his col-
leagues who reported that peritoneal recurrence was the most frequent (46%) in gastric cancer patients receiving 
D2 lymph node dissection [20]. 

In Japan, they reported 5-year survivals of 46% - 68% in patients with D2-3 resected gastric cancer that is 
comparable to our results [21]. 

Two-year DFS and OAS was 61.7% and 66.7% among our patient that is in agreement with other results 
compared with the results from postoperative chemoradiotherapy with D2 lymph node dissection study for gas-
tric cancer done by park and his colleagues [22].  

Oral capecitabine concurrently with radiation therapy as adjuvant postoperative therapy is tolerable as most of 
complication with mild degree. Grade 3 or 4 toxicity is reported only in 13.3% which is significantly lower than 
reported with fluorouracil this difference explained by the safety profile capecitabine in comparable to 5-FU [1]. 

Fluorouracil has significantly higher grade 3 toxicities regarded neutropenia, diarrhoea, anorexia and mucosi-
ties when compared to capecitabine that confirm the safety profile of capecitabine that is comparable to that re-
ported in other study [23]. 

83.3% of patient completed their treatment course, while 16.7% did not completed their treatment. Their more 
toxicity reported in arm A [13.3%], than arm B [6.7%] which confirm the relative safety profile of capecitabine 
in comparison with 5-FU when used concurrently with radiation as postoperative adjuvant therapy for gastric 
adenocarcinoma. 

Limitations of the present study were small number of patients and limited follow up period. 
In spite of above limitations, we can conclude that oral capecitabine concurrently with radiation therapy has 

comparable efficacy and favourable toxicity profile when compared to infusion fluorouracil as postoperative 
adjuvant therapy for gastric adenocarcinoma. 
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