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Abstract
AIM: To study the proper sites and doses of intraopera-
tive radiotherapy (IORT) for gastric carcinoma and the 
effects of this treatment. 

METHODS: A total of 106 patients with stageⅠ-Ⅳ gas-
tric carcinoma who received D2 or D3 radical operation 
combined with IORT were analyzed. Sixty-seven patients 
with gastric cancer of the antrum and body underwent 
distal gastrectomy. The sites of irradiation were at the 
celiac artery and hepatoduodenal ligment area. Another 
39 patients with carcinoma of the cardia and upper 
part of the gastric body and whole stomach underwent 
proximal gastrectomy or total gastrectomy. The sites of 
irradiation for this group were the upper margin of the 
pancreas and the regional para-aorta. The therapeutic 
effects (including survival and complications) of these 
106 cases received operation combined with IORT (IORT 
group) were compared with 441 cases treated during the 
same time period by a radical operation alone (operation 
group). 

RESULTS: The radiation dose below 30 Gy was safe. 
The therapeutic method of the operation combined with 
IORT did not prolong the survival of patients with stage I 
and Ⅳ gastric cancer, but the 5-year survival rates of pa-
tients with stage Ⅱ and Ⅲ gastric cancers were signifi-
cantly improved. The 5-year survival rates of the stages 
Ⅲ cancer patients receiving D2 resection combined with 
IORT were markedly improved, while for those receiving 
D3 radical resection, only the postoperative 3- or 4-year 
survival rates were improved (P  < 0.005-0.001). The 
5-year survival rate for those patients was raised only by 
4.7% (P  > 0.05). 

CONCLUSION: The 5-year survival rates of patients 
with stages Ⅱ and Ⅲ gastric carcinoma who received D2 
lymphadenectomy combined with IORT were improved, 
and there was no influence on the postoperative compli-
cations and mortality.
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INTRODUCTION
The fate of  patients after surgical removal of  a gastric 
carcinoma is determined to a large degree by regional 
failure of  the operation (e.g. tumor recurrence in the tumor 
bed or in an adjacent structure). This is true for palliative 
resections with macroscopic tumor residues (D2) as well as 
for operations with microscopic involvement of  resection 
margins (D1) or no discernible malignant cells (D0). 
Recurrent tumors may originate from extension of  the 
primary tumor or from regional lymph node metastases 
not encompassed by the surgical procedure[1]. It is desirable 
therefore to develop and study additional tumoricidal 
measures that might eliminate residual malignant tissues, 
thereby increasing the chance of  regional tumor control[2].

Intraoperative radiotherapy (IORT) as an adjunct to 
surgical excision of  solid malignancies has been used, 
however, clear-cut evidence of  its benefit for tumor control 
is still deficient. In IORT a large single dose of  radiation 
is given to the area with greatest risk of  local failure[3-5]. 
Based on the available oncologic and radiotherapeutic data, 
radiation thus applied should be able to control tumor 
growth. The biologic and logistic advantages of  radiation 
applied directly to the tumor bed at a single dose are 
obvious. For these reasons any information related to the 
efficacy of  IORT is highly desirable and welcome.

Under these considerations, we have used IORT for 
gastric cancer and report the clinical results in comparison 
with that of  patients treated by operation alone. The 
clinical results of  IORT for gastric cancer were analyzed 
based on the histologic findings.

MATERIALS AND METHODS 

Research subjects
A total of  106 patients were treated by radical resection 
and IORT between 1992 and 1998, including 13 cases in 



stageⅠ, 17 in stageⅡ, 48 in stage Ⅲ and 28 in stage Ⅳ. 
There were 77 men and 29 women, aged from 31-80 years, 
averaging 52.4 years. Location of  the carcinoma was: an-
trum 58, body 12, cardiac 19, and total stomach 17 cases. 
Operation method: D2 lymphadenectomy 27, D3 lymph-
adenectomy 79; distal gastrectomy 17, proximal gastrec-
tomy 67 and total gastrectomy 22 cases. To evaluate the ef-
fectiveness of  IORT, 441 patients who were treated by op-
eration alone during the same time period were classified 
histologically, and their survival rates were compared with 
those of  patients treated by IORT. In addition, a compara-
tive study was performed on the survival rates of  patients 
treated by IORT and those treated by operation alone 
based on the degree of  staging (Table 1). Inclusion criteria 
for IORT[6] were: (a) gastric adenocarcinoma confirmed 
through preoperative biopsy; (b) age between 25 and 80 
years; (c) World Health Organization (WHO) performance 
status of  0-2; and (d) the availability of  IORT facilities. 

Patients were excluded if  they had serious concurrent 
illness, active infection, symptomatic ischemic heart 
disease, congestive heart failure, a recent history of  
myocardial infarction, or symptomatic arrhythmia. Patients 
with significant gastrointestinal disturbance that could cloud 
the interpretation of  gastrointestinal toxicity were also 
excluded. In addition, patients with severe malnutrition or 
severe nausea, or frequent vomiting were excluded.

Surgery was performed through a median laparotomy 
and surgeons were allowed to use either total or subtotal 
gastrectomy (according to the tumor location) combined 
with D2 and D3 lymphadenectomy. The same two senior 
surgeons were in charge of  the operations during the 
whole protocol. 

Radiation location 
After the gastrectomy and lymphadenectomy and 
before alimentary reconstruction, the local region of  the 
hepatoduodenal ligament and the upper margin of  the 
pancreas or the gastric bed were irradiated in 67 patients 
who were treated with gastrectomy in the antrum and 
body of  the stomach. The other 39 patients with total 
gastrectomy underwent removal of  the pancreas capsule 
and extended lymph node dissection including the nodes 
along the splenic artery. In the patients with body, cardiac 
and total stomach cancer, the tail and body of  the pancreas 

were moved up to the right side margin of  the abdominal 
aorta and the superior mesenteric vein and the region of  
the para-aorta received irradiation.

IORT was administered to the tumor bed and celiac 
axis at the time of  gastric resection in those patients whose 
tumor appeared transmural and who were sufficiently 
stable to tolerate a transfer to the Radiation Therapy 
Treatment Room. 

A variety of  sizes and shapes of  the pentagonal 
treatment cones were prepared so they fit the costal arch 
adequately and encompassed various anatomic situations 
of  the tumor bed and the high risk lymph node groups 
noted above.

The field was clearly illuminated by an electric lamp 
fixed to a telescope attached to the treatment cone. The 
sterilized cone was inserted into the abdomen inclining 
degrees so the celiac axis was sufficiently covered.

Electronic energy and radiation dose of IORT 
The electronic energy from 6 MeV to 16 MeV was selected. 
The radiation doses of  IORT were selected according to the 
posibillity of  the radicality achieved by surgical operation. A 
single dose of  10-15 Gy was given to 41 patients who had 
no clinically undetectable lesions, a single dose of  20 Gy 
was given to each 27 patients who were suspected to have 
microscopic residual LN, 25 Gy was given to 37 patients 
who were suspected to have macroscopic residual LN or 
direct invasion of  adjacent structure, and 30 Gy to one 
patient who had noncurative surgery because of  incomplete 
excision of  metastatic lesions. 

RESULTS
Complications
When IORT is used for gastric cancer, critical organs 
to which exposure must be avoided, are the pancreas, 
duodenum and jejunum which must be shielded from 
radiation. Less than 40% of  the pancreas was generally 
included in the radiation field. Acute and late damage to 
the pancreas was evaluated by changes in serum amylase 
and blood glucose levels after IORT. Temporary increases 
in both serum amylase and blood glucose occurred after 
IORT, but they returned to preirradiation levels within a 
week. Neither significant late complications nor deviation 

Table 1  Clinical data of gastric carcinomas in different stages classified by intraoperative radiotherapy (IORT) and operation alone

Groups Staging  n Location of tumor n  (%) Operation method n  (%)

Antrum Body Cardiac TS  D2 D3 DG PG TG

IORT
Ⅰ   13  8 (62) 2 (15) 3 (23) 0 (0)     9 (69.3)   4 (30.7)  10 (76.9)   3 (23.1) 0 (0)
Ⅱ   17   12 (70.6)  2 (11.8)    3 (17.6) 0 (0)     6 (35.3)   11 (64.7)  13 (76.5)   3 (17.6)    1 (5.9)
Ⅲ   48   25 (52.1)  6 (12.5)    8 (16.7)      9 (18.7)     9 (18.8)  39 (81.3)   30 (62.5)   5 (10.4)    13 (27.1)
Ⅳ   28   13 (46.4) 2 (7.1)    5 (17.9)      8 (28.6)     3 (10.7)   25 (89.3) 14 (50)   6 (21.4)     8 (28.6)

Operation
Ⅰ   70   50 (71.4) 16 (22.9)  4 (5.7) 0 (0)   50 (71.4)   20 (28.6)   66 (94.3) 4 (5.7)    2 (2.8)
Ⅱ   67   49 (73.1) 5 (7.5)   13 (19.4) 0 (0)   31 (46.3)   36 (53.7)  54 (80.6) 11 (16.4)    2 (3.0)
Ⅲ 244  164 (67.2) 37 (15.2)  28 (11.5) 15 (6.1) 110 (45.1) 134 (54.9) 201 (82.4) 28 (11.5)  15 (6.1)
Ⅳ   60 36 (60) 10 (16.7) 6 (10)     8 (13.3)     8 (13.3)   52 (86.7) 42 (70) 4 (6.7)    14 (23.3)

TS: Total stomach; D2: Lymph node 2 dissection; D3: Lymph node 3 dissection; DG: Distal gastrectomy; PG: Proximal gastrectomy; TG: Total gastrectomy.
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from the usual postoperative course was observed. There 
was no instance of  delayed wound healing. One patient 
died from cardiac infarction, resulting in a death rate 
of  0.9% (1/106). Recovery of  gut function in all of  the 
patients with IORT was delayed for 24 h.

Survival
Table 2 demonstrates the survival rates based on an 
analysis of  106 patients treated by IORT and 441 patients 
treated by operation alone. The survival rate was calculated 
by the Kaplan-Meier method.

The 5-year survival rate (YSR) for patients treated by 
operation alone was 92.8% for stageⅠ, 80.6% for stage Ⅱ, 
45.1% for stage Ⅲ, and 10% for stage Ⅳ. On the other 
hand, the 5-YSR for patients treated by IORT was 100% 
for stageⅠand stage Ⅱ, 60.4% for stage Ⅲ, and 14.3% 
for stage Ⅳ. As shown in Table 2, there was no difference 
between the 5-YSR of  patients in stageⅠ, and stage Ⅳ in 
the two groups. The IORT procedure raised the survival 
of  patients with stages Ⅱand Ⅲ cancer from 15% to 20%, 
P < 0.005-0.001.

Table 3 demonstrates that the 5-YSR of  the stage Ⅲ 
cancer patients with D2 radical resection combined with 
IORT was improved as compared with operation alone. 
The 5-YSR of  the stage Ⅲ cancer patients with selective 
D3 radical resection combined with IORT was not 
improved as compared to an operation alone. However, 
the 3- and 4-YSR was significantly improved by IORT 
combined with operation as compared with operation 
alone. But the differences of  the 3 and 4-YSR between the 
two groups were statistically significant.

DISCUSSION
As far as gastric adenocarcinoma is concerned, the 
prognosis remains poor with a high local failure rate 
estimated up to 67%[7]. While a lot of  trials using systemic 
chemotherapy are currently being made to decrease the 
general failure rate in gastric adenocarcinoma, using IORT 
as a boost to EBRT could be a way to improve local 
control rate on coeliac area after gastrectomy[2,8]. IORT has 
been known as a feasible radiation treatment since 1907[9]. 
Its main advantage is probably to spare normal tissues 

while delivering a high dose precisely on the tumoral target. 
Extended lymph node dissection has been used mainly in 
Japan and the treatment results have improved remarkably 
as shown in many retrospective studies. But extended 
lymph node dissection is still controversial in the Western 
countries because of  reported excessive postoperative 
morbidity and mortality and lack of  proof  in a recent 
retrospective study and in randomized controlled trials[1,10]. 
The Dutch Gastric Cancer Trial and the Medical Research 
Council (MRC) randomized surgical trial were not able to 
prove the benefit of  extended lymph node dissection. 

Due to operating room planning reasons, a great 
number of  patients with gastric adenocarcinoma were 
not included in the IORT protocol in the reported study, 
and therefore, no valid comparisons or conclusions can 
be made. However, it is important to notice that mortality 
and morbidity rates in patients treated with IORT (1/42 
and 3/42) were not excessive when compared with the 
mortality and morbidity rates reported in the retrospective 
study of  350 gastric cancer patients treated by surgery 
alone in the same institution since 1970 (respectively 
10.8% and 14%)[11]. Glehen et al[12,13] did not detect any 
acute toxicity of  IORT. Concerning the late toxicity of  
IORT, canine studies provide guidelines for human cancer 
treatment and the data provided by these canine studies 
are comparable with the data obtained in an autopsy study 
which validated the model for clinical use. With a long 
term follow-up, in the reported study we just detected 
one case of  enteritis, 2 years after irradiation. But this late 
toxicity was controversial in the literature data because 
of  the reported cases of  other enteritis, gastrointestinal 
bleedings with or without arterioenteric fistulas, vertebral 
collapses and liver hemangiomas[2,14,15]. 

Each surgical procedure that does not achieve a 
complete local excision of  the primary tumor in all 3 
dimensions (length, width, aboral, and depth of  tumor) 
and of  the area of  lymphatic drainage is, according to the 
UICC classification of  D1 or D2 resection (i.e. a resection 
leaving residual microscopic or macroscopic tumor), 
considered to be a “palliative resection”. In addition to 
procedures that leave the entire tumor in situ, any type of  
operation that leaves residual macroscopic or microscopic 
tumor at the resection margin, tumor bed, or in the 

Table 2  The 5-yr survival rate of patients with operation combined with intraoperative 
radiotherapy (IORT)

Groups n StageⅠ Stage Ⅱ Stage Ⅲ Stage Ⅳ 

IORT 106 13/13 (100%) 17/17 (100%)   29/48 (60.4%) 4/28 (14.3%)
Operation 441 65/70 (92.8%) 54/67 (80.6%) 110/22 (45.1%)  6/6 (10.0%)
P > 0.10 < 0.001 < 0.005 > 0.05

Table 3  The 5-yr survival rate of patients with operation combined with intraoperative radiotherapy (IORT) in stage Ⅲ

Groups n D2 resection D3 resection

n 1 yr 2 yr 3 yr 4 yr 5 yr n 1 yr 2 yr 3 yr 4 yr 5 yr

IORT   48    9 100% 100% 87.5% 87.5% 60%  39 100% 100% 93.1% 85.5% 61%
Operation 244 114      81.6% 70.4% 52.3% 43.3%    35.7% 128      92.1%   85% 66.5% 62.2%    56.3%
P < 0.05 < 0.001 < 0.001 < 0.001 < 0.005 > 0.50 > 0.10 < 0.001 < 0.005 > 0.05
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lymphatic drainage area must also be considered to be a 
palliative procedure.

The rationale for IORT is to increase the irradiation 
dose to the tumor without exceeding critical normal 
tissue tolerance. IORT used as a neoadjuvant therapy, 
can increase the 5-YSR of  patients with advanced gastric 
carcinoma. Special linear accelerators have been used 
for the application of  high single-dose radiation to the 
tumor bed[3,4]. Abe et al[5] reported 115 gastric cancer 
patients treated by IORT. The 5-YSR survival of  patients 
in stages Ⅱ through Ⅳ treated by IORT increased by 
nearly 10%-20%. No difference in the survival of  patients 
was observed between the two groups. IORT did not 
afford benefit if  the lymph node metastases were limited 
with n1 group or serosal invasion was not found. On 
the other hand, the 5-YSR for patients treated by IORT 
increased by nearly 10% when the serosal invasion was 
observed, and by nearly 18% when n2 and n3 lymph node 
metastases were found. Ogata et al[16] reported that the 
5-YSR and 8-YSR for 58 cases treated by IORT were 
both 100% , and 60% and 48% in control group with 
stage Ⅱ cancer. The 8-YSR of  the stage Ⅲ cancer by 
IORT was 55%, and 35% in the control group. But these 
results were controversial. Coquard et al[2] reported that 
the 5-YSR of  patients with gastrectomy and local lymph 
node resection combined with IORT was the same as 
single expanded lymph node resection. However, the 
postoperative complications and mortality were lower than 
that in those who received only gastrectomy. Our results 
showed that operation combined with IORT is beneficial 
for patients in stage Ⅱ and stage Ⅲ cancer with a 5-YSR 
of  14.4%-20%. However, this procedure was ineffective 
for patients with stage Ⅰ and stage Ⅳ cancer treated 
with D2 lymphadenectomy combined with IORT, the 
5-YSR of  stage Ⅱ cancer patients was increased by 60% 
as compared with D2 lymphadenectomy only by 35.7%. 
With D3 lymphadenectomy combined with IORT, the 3- 
and 4-YSR were improved, but it was ineffective for the 
1, 2 and 5-YSR. These encouraging results were already 
reported by Japanese authors[5,17] with a 10%-20% increase 
in 5-YSR in stages Ⅱ and Ⅲ. However, this has not been 
reported in Western countries, especially for pN+ patients. 
But in a shorter follow-up, a local recurrence of  under 
15% after the use of  IORT and EBRT was reported[18,19].

The radiation target area in the region of  the upper 
abdomen includes potential microscopic tumor extensions 
and known or suspected macroscopic disease[13]. In 
order to reduce the injury of  irradiation to the normal 
tissues near the stomach, the target area is restricted to 
the gastric bed. The inferior field border is generally at 
the level of  the L3 to L4 vertebrae, but this depends 
on the location of  the carcinoma and the position of  
the stomach before treatment. The target area includes 
the proximal and regional lymphatics, the right and left 
cardiac nodes, the nodal chains of  the lesser and greater 
curvatures, the suprapyloric and infrapyloric chains, the 
splenic chains, and the lymph nodes along the hepatic 
artery. For the cardiac tumors, upper extension of  the 
field to the terminal esophagus and paraesophageal lymph 
nodes is recommended. If  the tumor is unresectable 
or if, after surgery, macroscopic disease remains, the 

total irradiation dose can be increased in a coned-down 
volume, which is restricted to the area of  gross disease. 
With regard to the opitimization of  IORT, we developed 
a new technique that provides a wider irradiation field for 
patients undergoing total gastrectomy. In these patients, 
total gastrectomy, splenectomy, removal of  the pancreas 
capsule, and extended lymph node dissection including 
the nodes along the splenic artery were performed. Then 
the tail and body of  the pancreas were moved up to the 
right side margin of  the abdominal aorta and the superior 
mesenteric vein. These maneuvers provided a much wider 
irradiation field, which included the para-aortic lymph 
nodes. After irradiation, the pancreas was returned to 
its normal position and an esophagoenterostomy was 
performed. This method was adopted only in patients 
without cancer invasion of  the pancreas or metastases in 
the lymph nodes along the splenic artery. The advantage 
of  this method is that it produces a wide irradiation field 
including para-aortic lymph nodes and does not increase 
the complications and mortality. Meanwhile, one must 
be careful to protect the duodenum and jejunum before 
irradiation as those organs must be shielded from the 
irradiation field. 

With regard to special radiotherapeutic techniques that 
include the potential of  relatively high biologically effective 
doses, gastric cancer is one of  the most convincing 
indications for intraoperative irradiation. Special linear 
accelerators have been used for the application of  high 
single doses (15-35 Gy) to the tumor bed. One problem 
with IORT is to correctly cover tumor sites outside the 
midline area or under the left hemidiaphgragm. In addition, 
the maximum tolerable dose administered in one session 
is limited from 15 to 35 Gy. Abe et al[5] reported that 
doses of  irradiation depended on the radicality achieved 
by the operation. In general, the irradiation doses from 
15-30 Gy were applied in curative situations and 30-35 
Gy in palliative situations. We selected the doses of  IORT 
according to the residual tumor volume, including clinically 
undetectable lesions (10-15 Gy), microscopic residual (20 
Gy), macroscopic residual (25 Gy), or noncurative surgery 
(30 Gy). No serious complications occurred in these cases. 
Our data strongly support the efficacy of  IORT for local 
tumor control. 
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