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Summary

Purpose: The purpose of this study was to report the re-
sults of gastric cancer surgery in patients who had undergone 
potentially curative gastrectomy.

Methods: The hospital mortality, morbidity, survival, 
recurrences and the sites of failure were retrospectively an-
alyzed in D1 group (conventional gastrectomy), and in D2 
group (extended lymph node resection).

Results: D1 and D2 groups were comparable for 
age, gender, American Society of Anesthesiologists (ASA) 
class, type of surgery, and histopathologic characteristics 
(p >0.05). D2 group patients were in better physical sta-
tus (p=0.008). The recurrence rate was higher in D1 group 
(p=0.019). Independent prognostic indicators of morbidity 

were male gender (p=0.012), and poor ASA class (p <0.001). 
Poor ASA class was the single independent prognostic indi-
cator of hospital mortality (p=0.001). Ten-year survival for 
D1 and D2 was 44.1 and 64.8%, respectively (p=0.0433). D2 
gastrectomy improved survival in stage IIIA. The indepen-
dent prognostic indicators of survival were total gastrectomy 
(p=0.003), lymph node involvement (p <0.0001), and extend-
ed lymphadenectomy (p=0.003). The independent prognostic 
variables of recurrence were stage (p=0.001), and extended 
lymph node resection (p=0.006).

Conclusion: D2 gastrectomy improves survival in gas-
tric cancer, particularly in stage IIIA.
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Introduction

Gastric carcinoma is one of the leading causes of 
death worldwide, although its incidence has generally 
declined. The most effective therapy of gastric cancer 
is potentially curative resection of the tumor. Adjuvant 
intravenous (i.v.) chemotherapy [1], and radiotherapy 
[2] have failed to improve survival. Chemoradiother-
apy has shown to improve survival in the adjuvant set-
ting, but further studies are required to document these 
findings [3].

Lymph nodes represent the most important prog-
nostic factor in gastric cancer [4]. However, the extent 
of lymph node resection remains an issue of contro-
versy. The Japanese results have shown that patients 
undergoing D2 gastrectomy show a significant sur-
vival benefit, although no prospective study has been 
performed in Japan [5]. Several Western studies have 
reproduced the Japanese results [6,7]. Nevertheless, 

other studies have strongly questioned the value of  D2 
gastrectomy [8,9], either because the survival did not 
improve or because the morbidity and mortality rates 
were significantly increased.

The purpose of this study was to report the results 
of gastric cancer surgery in patients who had undergone 
potentially curative gastrectomy by comparing D1 and 
D2 gastrectomy carried out at a single institution.

Methods

The patient records having had potentially cura-
tive gastrectomy (R0) from 1990-2005 were retrospec-
tively analyzed. Gastric carcinoma was diagnosed with 
gastroscopy and biopsy. All of the patients were rou-
tinely staged preoperatively with physical examina-
tion, chest-x-ray, abdominal CT scan, bone scan, hema-
tological-biochemical tests, and tumor markers estima-
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and chest x-ray. Whole body bone scan and/or skeletal 
x-rays were performed in those cases in which osseous 
metastases were suspected. Recurrences and the sites 
of failure were recorded.

Statistical analysis

Statistical analysis was possible using SPSS sta-
tistical software (Statistical Package for Social Scienc-
es). The Pearson’s chi-square test was used to compare 
parametric data. Univariate survival analysis was made 
using the Kaplan-Meier method and the comparison of 
survival curves was carried out using the log-rank test. 
Multivariate analysis was made using the Cox propor-
tional hazards model for the identification of the prog-
nostic variables of survival. Logistic regression analy-
sis was used to identify the prognostic factors of mor-
bidity, mortality, and recurrence. A two-tailed p-value 
<0.05 was considered statistically significant.

Results

From 1990-2005, 127 patients with gastric ad-
enocarcinoma underwent resection with curative in-
tent. D1 gastrectomy was performed in 65 patients and 
D2 gastrectomy in 62 patients. The mean patient age 
in D1 group was 68.6±10.5 years (range 33-85), and in 
D2 group 65.8±9.5 years (range 35-80) (p>0.05). The 
groups were similar for male/female ratio, tumor dis-
tribution, ASA class, type of operation (total/subtotal 
gastrectomy), Lauren classification, degree of differen-
tiation, T, pTNM stage, sites of failure, hospital mortal-
ity and morbidity (p >0.05). The groups differed in per-
formance status, lymph node involvement, and number 
of patients with recurrence (Table 1). Concomitant sur-
gery included 1 distal pancreatectomy, 19 splenecto-
mies, 1 transverse colectomy, and 9 cholecystectomies 
in D1 group, and 6 distal pancreatectomies, 15 splenec-
tomies, 2 transverse colectomies, and 9 cholecystecto-
mies in D2 group.

The mean number of resected lymph nodes in D2 
group was 36±9 (range 27-69) and in D1 group 22±10 
(range 9-32; p=0.002).

The overall hospital mortality and morbidity rate 
was 11% and 34.6%, respectively. The hospital mor-
tality in D1 group was 13.8% (9 patients), and in D2 
group 8.1% (5 patients; p >0.05). The majority of hos-
pital deaths (4 cases) in D2 group happened during the 
first 3 years of the study (1990-1993). The complica-
tions in the immediate postoperative period are dem-
onstrated in Table 2. Multivariate analysis showed 
that ASA class was the single independent progno-

tion (CEA, CA 19-9, CA-125). Patients with resectable 
tumor with no distant metastases or peritoneal spread 
(M0) were included in the analysis. Patients were as-
signed to undergo D1 or D2 gastrectomy according to 
surgeon’s decision and skill.

Age gender, ASA class, Karnofsky performance 
status, tumor distribution, surgical procedure, patholog-
ical (p), T, N stage (pTN), Lauren classification, degree 
of differentiation, morbidity, hospital mortality, recur-
rences and the anatomic sites of failure were analyzed.

The endpoints of the study were: 1) the identifica-
tion of differences in morbidity and hospital mortality 
between D1 and D2 gastrectomy; 2) the determination 
of survival in both groups; 3) the identification of the 
independent prognostic variables of survival; and 4) 
the identification of the number of patients that devel-
oped recurrence as well as the independent prognostic 
variables of recurrence.

Surgery

Subtotal gastrectomy was performed for tumors 
located at the lower third. Total gastrectomy was per-
formed for tumors of the middle and upper third and 
for those of the gastric remnant. Reconstruction of the 
alimentary tract was made using hand-sewn Roux-en-
Y gastro-jejunostomy and hand-sewn or stapled Roux-
en-Y esophago-jejunostomy. In D2 gastrectomy the re-
section included the nodal groups 1-12. Lymph node 
station 10 was left intact unless splenectomy was per-
formed. Splenectomy was carried out for tumors locat-
ed at the greater curvature of the stomach with preser-
vation of the pancreatic tail if the latter was not invaded. 
The lymph node stations were removed en bloc with the 
specimen and classified immediately afterwards accord-
ing to the criteria established by the Japanese Research 
Society for Gastric Cancer [10].

Pathologic examination and classifications

Histopathologic type and TNM stage were as-
signed using the criteria provided by the Fourth Edition 
of the International Union Against Cancer classifica-
tion [1]. All of the patients with pathologic stages I-III 
were included in the final analysis.

Follow-up

No patient was lost during follow-up. Patients 
were assessed in 3-6 months intervals with physical ex-
amination, hematological and biochemical tests, tumor 
markers estimation (CEA, CA 19-9, CA-125), abdom-
inal CT scan, upper gastrointestinal tract endoscopy, 
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der (p=0.012, HR=0.285, 95% CI=0.107-0.76), be-
cause the rate of complications was higher in male pa-
tients. Neither pancreatectomy nor splenectomy were 
related to morbidity and mortality.

Survival

The mean survival for D1 and D2 group was 84 
(95% CI=62-106), and 104 (95% CI=86-122) months, 
respectively. Ten-year survival rate for D1 and D2 group 
was 44.1% and 64.8%, respectively (p=0.0433; Figure 
1). The mean survival for D1 and D2 group in stage IIIA 
was 58±17 (95% CI=25-92), and 79±10 (95% CI=60-
99) months, respectively (p=0.0096; Figure 2).

Univariate analysis demonstrated that ASA class, 
performance status, pT, pN, TNM stage, radical lymph 
node resection, and total gastrectomy were closely 
related to survival (Table 3). Nodal status (p <0.001, 
HR=0.371, 95% CI=0.192-0.716), radical lymph node 
resection (p=0.003, HR=2.52, 95% CI=1.584-4.011), 

stic variable for mortality (p=0.001, hazard ratio/
HR=0.256, 95% CI=0.115-0.568). The independent 
prognostic variables for morbidity were ASA class 
(p<0.001, HR=3.607, 95% CI=1.921-6.771) and gen-

Table 1. Patient and disease characteristics

Characteristics D1  group D2  group p-value

Male/female ratio 46/19 41/21 >0.05
Tumor localization   >0.05

Fundus 6 7
Body 23 23
Antrum 30 30
Gastric remnant 6 2

ASA class   >0.05
I 32 38
II 21 21
III 12 3

Karnofsky performance status   0.012
90-100 50 59
70-80 13 3
50-60 2 0

Type of gastrectomy   >0.05
Subtotal 32 28
Total 33 34

Concomitant surgery 30 32 >0.05
T   >0.05

T1 4 5
T2 15 6
T3 39 46
T4 7 5

Ν   0.012
Ν0 26 24
Ν1 35 23
Ν2 4 15

pTNM stage   >0.05
IA 4 5
IB 8 4
II 17 16
IIIA 27 20
IIIB 9 17

Lauren classification   >0.05
Intestinal 20 33
Diffuse 18 4
Mixed 3

Differentiation grade   >0.05
G1 7 5
G2 9 6
G3 42 36

Hospital mortality 9 5 >0.05
Hospital morbidity 26 18 >0.05
Age (years)   >0.05

<65 23 26
>65 42 36

Recurrence 30 16 0.019
Pattern of recurrence   >0.05

Distant 14 5
Locoregional 15 11

Adjuvant chemotherapy 16 20 >0.05

Table 2. Postoperative complications

Complication D1  group D2  group

Respiratory 5 5
Cardiac 3 3
Postoperative bleeding 1 0
Anastomotic failure 5 2
Prolonged ileus 1 0
Trauma-related 7 4
Intraabdominal abscess 2 3
Cerebrovascular accident 2 1

All p-values are non significant

Figure 1. 10-year survival rate for D1 and D2 gastrectomy.
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Discussion

Although the patients in this study were assigned 
in D1 and D2 group without the use of standard criteria, 
the groups were different only for performance status.

Several studies have shown that radical lymph-
adenectomy is associated with high morbidity and mor-
tality rates, implying that the method may be harmful 
[8,9,12,13].

Other studies have shown that morbidity and mor-
tality are the same following D1 and D2 gastrectomy 
[14], or even increased following D1 gastrectomy [15]. 
The relatively high mortality rate (8.1%) in D2 group is 
the result of the learning curve of D2 gastrectomy.

Numerous retrospective studies have shown the 
value of D2 gastrectomy in gastric cancer [5,6,7,16]. 
Large prospective multi-institutional randomized West-
ern trials have not reproduced similar results [8,9]. To-
tally different results have been reported in other stud-
ies. These studies were either prospective randomized 
[17] or retrospective with large numbers of patients [15] 
from one institution. The studies consistently demon-
strate that the lymph node status and the extent of lymph 
node resection are prognostic indicators of survival.

The evaluation of the total number of resected 
lymph nodes in addition to the groups of resected lymph 
nodes has served as the objective control of D2 gastrec-
tomy [18]. Data analysis of the present study has shown 
that D2 gastrectomy offers significant survival benefit 
in patients with gastric cancer (64.8% 10-year surviv-
al rate vs. 44.1% for D1 gastrectomy). In addition, the 
lymph node status and extensive lymphadenectomy 
have been identified as independent prognostic vari-
ables of survival [4,6,15,19-21]. The increased surviv-
al may be partly the result of the high proportion of pa-
tients with early gastric cancer (12 patients in D1 group 
and 9 in D2 group). All of the patients with early gastric 
cancer had 100% 10-year survival rate regardless of the 
extent of lymph node resection. A stage-by-stage analy-
sis has demonstrated that only stage IIIA patients have 
significantly better survival because they have been of-
fered extended lymph node resection. Stage II and IIIA 
patients have been shown to have significant survival 
benefit by D2 gastrectomy [18]. In contrast, the effect of 
extended lymph node resection has been strongly ques-
tioned in early gastric cancer [18,22].

The hospital mortality, morbidity [23,24] and 
overall survival [24,25] have not been different for 
tumors of the antrum following either total or subto-
tal gastrectomy. In the present study the tumors of the 
gastric antrum have not been analyzed in particular but 
total gastrectomy has been identified as a favorable 
prognostic variable of survival. Other studies have 

and total gastrectomy (p=0.003, HR=2.787, 95% 
CI=1.425-5.45) were identified as independent prog-
nostic indicators of survival by multivariate analysis.

Follow-up

The mean follow-up time was 43.5 months (range 
12-167) and was not different between the groups. Re-
currence was recorded in 45 (35.4%) patients. There 
were 14 patients with distant and 15 patients with lo-
coregional metastases in D1 group. In D2 group 5 patients 
developed distant and 11 locoregional metastases. In to-
tal 29 (44.6%) patients in the D1 group and 16 (25.8%) 
patients in the D2 group recurred (p=0.019). The extent 
of lymph node resection (p=0.006, HR=3.186, 95% 
CI=1.388-7.311), and the stage (p=0.001, HR=0.403, 
95% CI=0.238-0.68) were identified as prognostic vari-
ables of recurrence by multivariate analysis.

Table 3. Univariate analysis of prognostic variables

Variable p-value

Gender >0.05
Tumor distribution >0.05
ASA class 0.0284
Performance status <0.0001
Type of gastrectomy 0.0112
T 0.0317
N 0.0025
TNM stage 0.0003
Lauren classification >0.05
Grade >0.05
Adjuvant chemotherapy >0.05
Radical lymph node resection 0.0433

Figure 2. 10-year survival rate in stage IIIA for D1 and D2 gast-
rectomy. 
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confirmed the same results [7], probably because the 
extent of lymphadenectomy is even more radical in to-
tal gastrectomy.

The extent of surgery has been found to play a sig-
nificant role in the development of recurrences. In D2 
group the total number of recurrences has been found 
to be significantly lower than the number of recurrences 
in D1 group (16 vs. 30 patients, p=0.019). In addition, 
it has been shown by multivariate analysis that radical 
lymphadenectomy is a prognostic indicator for the de-
velopment of recurrence. Similar results have been dem-
onstrated by other studies in which the interest has been 
focused in the reduction of locoregional failures [9,26]. 
In this study the difference in sites of failure has been the 
same for D1 and D2 gastrectomy. Despite the improved 
results that undoubtfully affect the long-term survival, 
the total number of recurrences still remain high.

Conclusions
Radical lymph node resection in gastric cancer of-

fers significant survival benefit by decreasing the total 
number of recurrences. The morbidity and hospital mor-
tality in radical lymphadenectomy is the same as in con-
ventional surgery. Total gastrectomy seems to offer a 
benefit in survival when combined with radical lymph 
node resection.
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