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Background

Gastrectomy with D2 lymphadenectomy is the standard treatment for curable gastric 
cancer in eastern Asia. Whether the addition of para-aortic nodal dissection (PAND) 
to D2 lymphadenectomy for stage T2, T3, or T4 tumors improves survival is contro-
versial. We conducted a randomized, controlled trial at 24 hospitals in Japan to com-
pare D2 lymphadenectomy alone with D2 lymphadenectomy plus PAND in patients 
undergoing gastrectomy for curable gastric cancer.

Methods

Between July 1995 and April 2001, 523 patients with curable stage T2b, T3, or T4 
gastric cancer were randomly assigned during surgery to D2 lymphadenectomy alone 
(263 patients) or to D2 lymphadenectomy plus PAND (260 patients). We did not per-
mit any adjuvant therapy before the recurrence of cancer. The primary end point 
was overall survival.

Results

The rates of surgery-related complications among patients assigned to D2 lymph-
adenectomy alone and those assigned to D2 lymphadenectomy plus PAND were 20.9% 
and 28.1%, respectively (P = 0.07). There were no significant differences between the 
two groups in the frequencies of anastomotic leakage, pancreatic fistula, abdominal 
abscess, pneumonia, or death from any cause within 30 days after surgery (the rate of 
death was 0.8% in each group). The median operation time was 63 minutes longer 
and the median blood loss was 230 ml greater in the group assigned to D2 lymph-
adenectomy plus PAND. The 5-year overall survival rate was 69.2% for the group as-
signed to D2 lymphadenectomy alone and 70.3% for the group assigned to D2 lymph-
adenectomy plus PAND; the hazard ratio for death was 1.03 (95% confidence interval 
[CI], 0.77 to 1.37; P = 0.85). There were no significant differences in recurrence-free 
survival between the two groups; the hazard ratio for recurrence was 1.08 (95% CI, 
0.83 to 1.42; P = 0.56).

Conclusions

As compared with D2 lymphadenectomy alone, treatment with D2 lymphadenectomy 
plus PAND does not improve the survival rate in curable gastric cancer. (ClinicalTrials.
gov number, NCT00149279.)
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Gastric cancer is the second lead-
ing cause of cancer death worldwide, al-
though its incidence is decreasing.1 About 

60% of new cases of gastric cancer occur in east-
ern Asia; the incidence of new cases in Japan is 
100,000 per year. Chemotherapy helps to prolong 
survival in cases of advanced disease, but surgical 
resection is the most effective treatment for cur-
able gastric cancer. Reports from the Gastric Can-
cer Registry and other retrospective studies2-4 have 
made radical gastrectomy with extended (D2) re-
moval of regional lymph nodes the standard for 
the treatment of curable gastric cancer in Japan. 
Two randomized, controlled European trials that 
compared the less extended D1 dissection with the 
D2 procedure failed to show a survival benefit for 
D2 dissection,5,6 but lack of experience with the 
surgical procedure and with postoperative care 
were thought to account for the poor outcome 
of patients who underwent D2 lymphadenec
tomy.7-9 In 2001, the American Intergroup 0116 
study showed that chemoradiotherapy after lim-
ited lymphadenectomy (D0 or D1) decreased the 
local recurrence rate and increased long-term 
survival,10 a result suggesting that chemoradio-
therapy eliminates the residual lymph-node metas-
tases that could be removed by D2 lymphadenec-
tomy. In 2006, a randomized trial in Taiwan showed 
a significant benefit in overall survival for a D2 
or D3 procedure as compared with D1 dissection, 
with no increase in operative mortality.11 These 
trials indicate that adequate local control is essen-
tial for the treatment of gastric cancer. Hence, the 
standard of care for curable gastric cancer in east-
ern Asia and the United States is either gastrecto-
my with D2 lymphadenectomy and without post-
operative chemoradiation or D0 or D1 gastrectomy 
with postoperative chemoradiation.12-14

Once the gastric tumor invades the subserosa 
(stage T2b), the serosa (stage T3), or the adjacent 
structures (stage T4), metastases can spread to the 
para-aortic lymph nodes, which are termed N3 
nodes according to the Japanese Classification of Gas-
tric Carcinoma, second English edition,15 and M1 
nodes according to the International Union Against 
Cancer (UICC) tumor–node–metastasis (TNM) 
classification.16 In advanced gastric cancer, the 
incidence of microscopic metastases in the para-
aortic region is 10 to 30%.17-19 Because the 5-year 
overall survival rate of patients with para-aortic 
nodal metastases can be as high as 20% after sys-
tematic dissection,20 extensive surgery has been 
performed in Japan since the 1980s for stage T2b, 

T3, and T4 gastric cancers. However, to our knowl-
edge there has never been a large prospective study 
to investigate whether para-aortic nodal dissection 
(PAND) for gastric cancer has a survival benefit. 
Here we report the final results of a multi-insti-
tutional, randomized, controlled trial by the Japan 
Clinical Oncology Group (JCOG9501) that was 
conducted to determine whether the addition of 
systematic PAND to standard gastrectomy with D2 
lymphadenectomy improves survival rates among 
patients with curable gastric cancer. An interim 
analysis found no differences between the two 
procedures in the rates of short-term major com-
plications or in-hospital death.21

Me thods

Eligibility

In this trial, we enrolled patients who were young-
er than 75 years of age and who had histologi-
cally proven gastric adenocarcinoma that was con-
sidered potentially curable. Additional eligibility 
criteria, as determined from intraoperative find-
ings, were the presence of a stage T2b, T3, or T4 
tumor, the absence of gross metastases to the para-
aortic nodes, and negative cytologic findings in 
peritoneal-lavage fluid. Diagnosis of metastases 
by examination of frozen sections of para-aortic 
nodes was not allowed, because sampling of the 
nodes would involve dissection. The study proto-
col was approved by the JCOG protocol review 
committee and the institutional review boards of 
each of the 24 participating hospitals. In accor-
dance with JCOG policy in 1995 (the year in which 
enrollment began), all patients gave written in-
formed consent before undergoing randomization. 

Randomization and Data Management

After confirming the eligibility of the patient dur-
ing surgery, the surgeon contacted the JCOG Data 
Center by telephone to receive a randomly gener-
ated assignment of the patient to standard D2 
lymphadenectomy alone or D2 lymphadenectomy 
plus PAND. Assignments were made by the min-
imization method according to clinical T stage 
(T2b vs. T3 or T4), Borrmann macroscopic type 
(type 0, 1, or 2 vs. type 3 or 5), and institution 
(patients with Borrmann type 4 tumors were ex-
cluded because there was no chance of cure for 
such patients if they had para-aortic nodal metas-
tases). The surgeon then performed the assigned 
operation according to the methods described 
in the protocol.
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The JCOG data center performed data man-
agement, central monitoring, and statistical anal-
ysis. The center also provided twice-yearly moni-
toring reports, each of which was submitted to 
and reviewed by an independent JCOG data and 
safety monitoring committee. None of the sur-
geons who performed the operations were involved 
in data analysis. For quality assurance, the JCOG 
audit committee made site visits to monitor wheth-
er the study was being conducted according to 
protocol.

Surgery

D2 lymphadenectomy alone and D2 lymphadenec-
tomy plus PAND were performed as described 
previously.21,22 The dissected lymph nodes were 
classified according to the Japanese Classification of 
Gastric Carcinoma, first English edition.23 The meth-
od of reconstruction of the gastrointestinal tract 
was not specified.

During the planning of the study, all participat-
ing surgeons reached agreement concerning the 

technical details of both procedures. All opera-
tions either were performed by surgeons who had 
previously performed more than 100 gastrecto-
mies with D2 dissection or took place at institu-
tions with specialized units where more than 80 
gastrectomies were performed annually. In addi-
tion to reviewing the twice-yearly monitoring re-
ports, the surgeons observed videos of both types 
of procedures obtained in a sample of patients (at 
least three patients from each institution during 
the course of the study) and discussed the tech-
nical details of the operations to ensure unifor-
mity of treatment. To assess adherence to the 
lymphadenectomy protocol, the dissection status 
of all regional nodal stations and the number of 
dissected nodes in the para-aortic area were re-
corded on case report forms, which were also re-
viewed by the surgeons.

Postoperative Evaluation

Pathologic findings were categorized according to 
the first English edition of the Japanese Classifica-
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Figure 1. Disposition of the Patients.

PAND denotes para-aortic nodal dissection.
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tion of Gastric Carcinoma23; thus, some lymph nodes 
currently classified as N2 or N3 were recorded as 
N3 or N4 in this study. Stage T2 was subdivided 
into stages T2a and T2b, as specified by the UICC 
TNM classification.16 The rates of hospital death, 
defined as death during the period of hospitaliza-
tion for the operation or death from any cause 
within 30 days after surgery, and surgery-related 
complications were calculated by dividing the num-
ber of patients in whom an event occurred by the 
total number of enrolled patients. Patients were fol-
lowed every 3 months until April 2006, which was 
5 years after the last patient had been enrolled. 
Adjuvant therapy was not allowed before the re-
currence of cancer.

Statistical Analysis

The primary end point of this study was overall 
survival, defined as the time from randomization 
to death. The secondary end points were recur-
rence-free survival, surgery-related complications, 
and hospital death. Recurrence-free survival was 
defined as the time from randomization to the 
first recurrence of cancer or death from any 
cause.

The expected 5-year survival rate of the group 
assigned to D2 lymphadenectomy alone was 50%. 
We initially planned to recruit 412 patients (206 
in each group), a number that would allow the 
detection of a 12% increase in survival in the 
group assigned to D2 lymphadenectomy plus 

Table 1. Characteristics of the Patients.*

Characteristic

D2 Lymphadenectomy 
Alone

(N = 263)

D2 Lymphadenectomy 
plus PAND 
(N = 260) P Value†

Age — yr 0.34

Median 60 61

Range 25–75 27–75

Sex — no. (%) 0.40

Male 176 (66.9) 183 (70.4)

Female 87 (33.1) 77 (29.6)

Body-mass index — no. (%)‡ 0.64

<22.0 138 (52.5) 126 (48.5)

22.0–24.9 87 (33.1) 95 (36.5)

≥25.0 38 (14.4) 39 (15.0)

Tumor location — no. (%) 0.83

Upper third of stomach 53 (20.2) 47 (18.1)

Middle third of stomach 103 (39.2) 103 (39.6)

Lower third of stomach 107 (40.7) 110 (42.3)

Tumor size — cm 0.71

Median 5.5 5.5

Range 2.0–17.0 2.0–15.2

Histologic type — no. (%) 0.33

Differentiated 97 (36.9) 107 (41.2)

Undifferentiated§ 166 (63.1) 153 (58.8)

Borrmann macroscopic type — no. (%) 0.86

0, 1, or 2 109 (41.4) 110 (42.3)

3 or 5 154 (58.6) 150 (57.7)

Clinical T stage — no. (%)¶ 1.00

T2b 99 (37.6) 98 (37.7)

T3 or T4 164 (62.4) 162 (62.3)
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PAND, with a one-sided alpha level of 0.05 and a 
power of 80%. We planned this study with a one-
sided test because D2 lymphadenectomy plus PAND 
is more invasive than D2 lymphadenectomy alone 
and should in principle result in better survival 
than D2 lymphadenectomy alone. Because differ-
ences smaller than 12% would be clinically mean-
ingful, the protocol was amended to increase the 
sample size to 520 (260 in each group) to detect 
an 8% increase in survival in the group assigned 
to D2 lymphadenectomy plus PAND (hazard ra-
tio, 0.73), with a total accrual period of 5.5 years 
and an additional 5 years of follow-up. The data 
and safety monitoring committee approved this 
change in July 2000 without knowledge of any 
survival data.

Two interim analyses were planned, with ad-

justments for repeated comparisons taken into 
account by the O’Brien–Fleming alpha-spending 
function.24 At the first and second interim analy-
ses in March 2002 and March 2004, the data and 
safety monitoring committee reviewed the results 
and approved continuation of the planned fol-
low-up.

Data from all eligible patients were analyzed 
for overall survival and recurrence-free survival on 
an intention-to-treat basis. Survival curves were 
estimated by the Kaplan–Meier method and com-
pared with the use of the log-rank test, with 
stratification according to the factors used in the 
randomization, except for the institution where 
the surgery was performed. Hazard ratios were 
calculated by Cox regression analysis after adjust-
ment for baseline stratification factors except for 

Table 1. (Continued).*

Characteristic

D2 Lymphadenectomy 
Alone

(N = 263)

D2 Lymphadenectomy 
plus PAND 
(N = 260) P Value†

Clinical node status — no. (%) 1.00

Negative 43 (16.3) 42 (16.2)

Positive 220 (83.7) 218 (83.8)

Pathological T stage — no. (%)¶ 0.31

pT1 9 (3.4) 14 (5.4)

pT2a 46 (17.5) 37 (14.2)

pT2b 79 (30.0) 95 (36.5)

pT3 121 (46.0) 109 (41.9)

pT4 8 (3.0) 5 (1.9)

Pathological node status — no. (%) 0.10

Negative 79 (30.0) 96 (36.9)

Positive 184 (70.0) 164 (63.1)

No. of positive nodes   0.30

Median 3 2

Range 0–47 0–112

Residual tumor — no. (%) 0.50

R0 261 (99.2) 260 (100)

R1 2 (0.8) 0

*	PAND denotes para-aortic nodal dissection. 
†	P values were calculated with the use of Fisher’s exact test except for comparisons of age, tumor size, and number of 

positive nodes, for which the Wilcoxon test was used.
‡	The body-mass index is the weight in kilograms divided by the square of the height in meters.
§	The undifferentiated type included two cases of adenosquamous carcinoma in the group assigned to D2 lymphadenec-

tomy alone and one case of malignant lymphoma in the group assigned to D2 lymphadenectomy plus PAND.
¶	The T stage was determined according to the first English edition of the Japanese Classification of Gastric Carcinoma.23 

Stage T2 was subdivided into T2a (invasion confined to the muscularis propria) and T2b (subserosal invasion) accord-
ing to the 6th edition of the International Union Against Cancer tumor–node–metastasis classification.16
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institution. Analyses of two prespecified sub-
groups (Borrmann macroscopic type and clinical 
T stage) and nine post hoc subgroups were also 
conducted to evaluate interactions between treat-
ment and subgroup with the use of Cox regres-
sion; we report the result of all these analyses. 
No more than one significant interaction test re-
sult (P<0.05) would be expected on the basis of 
chance alone as a result of multiple testing.

Two-sided P values were calculated for all tests 
and are reported here. Because the study was 
planned to use a one-sided test, we also present 
one-sided P values for the results of the survival 
analyses. P values less than 0.05 were consid-
ered to indicate statistical significance. Analy-
ses were performed with the use of SAS software, 
version 9.13.

R esult s

Patients

Between July 1995 and April 2001, 523 patients 
were randomly assigned to D2 lymphadenectomy 
alone (263 patients) or D2 lymphadenectomy plus 
PAND (260 patients). One patient was deemed in-
eligible after enrollment because of a change in 
the histologic diagnosis to malignant lymphoma. 
Protocol violations occurred in 12 patients. In one 
patient, an intraoperative biopsy of a frozen sec-
tion of a para-aortic node was performed. Another 
patient assigned to D2 lymphadenectomy alone 
underwent D2 lymphadenectomy plus PAND. The 
remaining 10 patients did not undergo all aspects 
of the lymph-node dissection required in the pro-
tocol. At the time of final analysis in April 2006, 
two patients had been lost to follow-up for more 
than 1 year, but they had already been followed for 
more than 5 years after surgery. Figure 1 shows the 
disposition of the patients.

The characteristics of the two groups were well 
balanced (Table 1). Total gastrectomy was per-
formed in 102 patients assigned to D2 lymph-
adenectomy alone (38.8%) and in 97 patients as-
signed to D2 lymphadenectomy plus PAND (37.3%); 
98 patients assigned to D2 lymphadenectomy 
alone (37.3%) and 93 assigned to D2 lymphadenec-
tomy plus PAND (35.8%) also underwent splenec-
tomy. Only 9 patients assigned to D2 lymph-
adenectomy alone (3.4%) and 12 assigned to D2 
lymphadenectomy plus PAND (4.6%) underwent 
distal pancreatectomy. The median operation time 
for gastrectomy with D2 lymphadenectomy plus 

PAND was 300 minutes, which was 63 minutes 
longer than that for gastrectomy with D2 lymph-
adenectomy alone (P<0.001). The median blood 
loss was 230 ml greater (660 ml vs. 430 ml, 
P<0.001) and blood transfusions were more fre-
quent (30.0% vs. 14.1%, P<0.001) in patients un-
dergoing D2 lymphadenectomy plus PAND than 
in those undergoing D2 lymphadenectomy alone.

Operative Complications and Deaths

As reported previously,21 the overall incidence of 
surgery-related complications was 20.9% (55 of 
263 patients) in the group assigned to D2 lymph-
adenectomy alone and 28.1% (73 of 260 patients) 
in the group assigned to D2 lymphadenectomy 
plus PAND (P = 0.07). The incidence rates of the 
four major surgery-related complications in the 
group assigned to D2 lymphadenectomy alone and 
the group assigned to D2 lymphadenectomy plus 
PAND were 2.3% and 1.9%, respectively, for anas-
tomotic leakage, 5.3% and 6.2% for pancreatic 
fistula, 5.3% and 5.8% for abdominal abscess, and 
4.6% and 1.5% for pneumonia. None of these dif-
ferences were statistically significant. The frequen-
cy of minor complications, such as ileus, lymph-
orrhea, left pleural effusion, and severe diarrhea, 
was significantly higher in the group assigned to 
undergo D2 lymphadenectomy plus PAND than in 
the group assigned to undergo D2 lymphadenecto-
my alone (20.0% vs. 9.1%, P<0.001). The rate of hos-
pital death was 0.8% (two deaths in each group).

Overall and Recurrence-Free Survival

After median follow-up periods of 5.6 years in the 
group assigned to D2 lymphadenectomy alone and 
5.7 years in the group assigned to D2 lymphadenec-
tomy plus PAND, 96 patients assigned to D2 lymph-
adenectomy alone and 95 assigned to D2 lymph-
adenectomy plus PAND had died, and 100 patients 
assigned to D2 lymphadenectomy alone and 98 
assigned to D2 lymphadenectomy plus PAND had 
had recurrences of cancer. Table 2 lists the site of 
first tumor recurrence for the two groups. The 
most frequent site was the peritoneum (38.1% of 
all recurrences), and the pattern of recurrence was 
similar in the two groups. The 5-year overall sur-
vival rate for 22 of 260 patients (8.5%) who had 
histologically detected metastases in the para-aor-
tic lymph nodes after undergoing D2 lymphadenec-
tomy plus PAND was 18.2% (95% confidence in-
terval [CI], 5.7 to 36.3).

Figures 2A and 2B show the overall and recur-
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rence-free survival rates for all eligible patients. 
The 5-year overall survival rate was 69.2% (95% CI, 
63.2 to 74.4) for the group assigned to D2 lymph-
adenectomy alone and 70.3% (95% CI, 64.3 to 75.4) 
for the group assigned to D2 lymphadenectomy 
plus PAND. The hazard ratio for death was 1.03 
(95% CI, 0.77 to 1.37) in the group assigned to D2 
lymphadenectomy plus PAND, and the stratified 
log-rank test showed no significant difference be-
tween the groups (one-sided P = 0.57, two-sided 
P = 0.85). After adjustment of eight baseline vari-
ables (age, sex, body-mass index, tumor location, 
tumor size, Borrmann macroscopic type, clinical 
T stage, and clinical N stage) with the use of Cox 
regression analysis, the hazard ratio was essen-
tially unchanged (hazard ratio, 1.03; 95% CI, 0.78 
to 1.38; P = 0.83). 

The 5-year recurrence-free survival rate was 
62.6% (95% CI, 56.4 to 68.2) in the group as-
signed to D2 lymphadenectomy alone and 61.7% 
(95% CI, 55.4 to 67.3) in the group assigned to D2 
lymphadenectomy plus PAND. The hazard ratio 
for recurrence in the group assigned to D2 lymph-
adenectomy plus PAND was 1.08 (95% CI, 0.83 to 
1.42; one-sided P = 0.72; two-sided P = 0.56).

Although there were no significant interactions 
between treatment effect and any baseline clini-
cal findings, there were significant interactions 
between treatment effect and pathologic T stage 
and nodal status (Fig. 3). Among the 174 node-
negative patients, the 5-year overall survival rate 
was 78.4% (95% CI, 67.6 to 86.0) in the group as-
signed to D2 lymphadenectomy alone and 96.8% 
(95% CI, 90.5 to 99.0) in the group assigned to D2 
lymphadenectomy plus PAND. Conversely, among 
the 348 node-positive patients, the 5-year overall 
survival rate was 65.2% (95% CI, 57.9 to 71.6) in 
the group assigned to D2 lymphadenectomy alone 
and 54.9% (95% CI, 46.9 to 62.1) in the group 
assigned to D2 lymphadenectomy plus PAND. The 
hazard ratios for death in the group assigned to 
D2 lymphadenectomy plus PAND were 0.39 (95% 
CI, 0.18 to 0.84; P = 0.009) for node-negative pa-
tients and 1.39 (95% CI, 1.02 to 1.89; P = 0.04) 
for node-positive patients.

Discussion

The clinical value of systematic PAND in addition 
to D2 gastrectomy in curable gastric cancer has 
been controversial. In this randomized trial, we 
found no improvement in overall or recurrence-

free survival with D2 lymphadenectomy plus PAND 
gastrectomy as compared with D2 lymphadenec-
tomy alone. The pattern of recurrence was simi-
lar in the two groups, and D2 lymphadenectomy 
plus PAND did not reduce the rate of recurrence 
of cancer in the lymph nodes. There were no sig-
nificant differences between the two groups in the 
rates of surgery-related complications. D2 lymph-
adenectomy plus PAND, however, was associated 
with a longer operation time, greater blood loss, 
and a significant increase in minor complications. 
For all these reasons, we cannot recommend D2 
lymphadenectomy plus PAND for patients with 
curable gastric cancer.

Multiple studies have reported a close relation 
between the number of cases treated in a hospital 
and outcomes in the surgical treatment of can
cer.25-29 In two European randomized trials com-
paring D1 with D2 gastrectomy, the mortality rates 
in patients treated with D2 gastrectomy reached 
10% or higher.30,31 The excessive number of early 
deaths in these studies may have obscured any 
potential difference in long-term survival between 
patients undergoing D1 and D2 gastrectomy. The 
Dutch trial was conducted in 80 hospitals, includ-
ing small community hospitals, by 11 surgeons 
who had little experience with D2 gastrectomy 
before the study. The limited experience of the 
surgeons made it difficult for them to learn how 
to perform the procedure safely and effectively, 
and the small volume of cases limited the ability 
of the hospitals to manage major surgical com-
plications. By contrast, in a Taiwanese single-insti-
tution trial comparing D1 gastrectomy with D2 
or more extensive gastrectomy, all the surgeons 
had performed at least 80 D2 procedures before 

Table 2. Site of First Tumor Recurrence.*

Site 

D2 Lymphadenectomy 
Alone

(N = 109)

D2 Lymphadenectomy 
plus PAND 
(N = 106)

no. (%)

Peritoneum 43 (39.4) 39 (36.8)

Lymph nodes 24 (22.0) 23 (21.7)

Liver 21 (19.3) 24 (22.6)

Others 21 (19.3) 20 (18.9)

*	In nine patients in the group assigned to D2 lymphadenectomy alone and 
seven patients in the group assigned to D2 lymphadenectomy plus para-aortic 
nodal dissection (PAND), more than one site was involved at the time of first 
recurrence.
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participating in the study, and there were no 
deaths in either group. The procedures in our 
study either were performed by experienced sur-
geons or took place in 24 specialized hospitals 
with a high volume of cases, and our patients had 
no major coexisting conditions. These two fea-
tures accounted for very low mortality rates (0.8%) 
and good long-term survival in both groups.

There were no significant interactions between 
treatment effect and any baseline clinical findings. 
We also conducted a post hoc subgroup analysis 
based on pathologic T stage and node status, 
variables that were determined after randomiza-
tion. Surprisingly, among patients with pathologi-
cally negative nodes, survival rates were better in 

those assigned to D2 lymphadenectomy plus PAND 
than in those assigned to D2 lymphadenectomy 
alone, whereas in patients with any metastatic 
nodes, survival rates in the group assigned to D2 
lymphadenectomy plus PAND were worse than 
those in the group assigned to D2 lymphadenec-
tomy alone. This paradoxical interaction with 
nodal pathologic findings needs cautious interpre-
tation, because it was detected in a post hoc sub-
group analysis and was thus subject to biases and 
errors resulting from multiple testing; moreover, 
this finding should not influence clinical deci-
sions, since we have no accurate method of assess-
ing lymph-node metastases before surgery, and 
intraoperative frozen-section diagnosis of all dis-
sected lymph nodes (of which the median num-
ber is >50) is not feasible. In fact, the proportion 
of patients with pathologically negative nodes 
(33.5%) was twice as high as that determined from 
clinical findings (16.3%). Within the range of the 
first- and second-tier nodal stations, a high prob-
ability of residual nodal metastasis, as calculated 
by a computer program based on the large data-
base at the National Cancer Center Tokyo, was 
associated with a poor prognosis. This finding was 
confirmed in two randomized trials of surgery for 
gastric cancer conducted in Europe and the United 
States.32,33 Our results are contradictory, since 
treatment with D2 lymphadenectomy plus PAND 
should reduce the probability of residual metas-
tases in node-positive patients but not in node-
negative patients, in whom there is no possibility 
of nodal metastases in the para-aortic area. Since 
this result from a post hoc subgroup might be 
a false positive owing to multiple testing, the pos-
sible survival benefit of D2 lymphadenectomy plus 
PAND in node-negative patients will need to be 
clarified in further studies.

One limitation of this study is that the inci-
dence of metastases in the para-aortic nodes 
(8.5%) was lower than expected. A previous report 
showed that the most reliable predictor of metas-
tases in the para-aortic nodes was the pathologic 
status of nodes at station 7.34 In our 76 patients 
with metastases at this station, however, 5-year 
overall survival rates after D2 lymphadenectomy 
plus PAND (36.4%; 95% CI, 20.6 to 52.3) were not 
significantly better than those after D2 lymph-
adenectomy alone (44.2%; 95% CI, 29.2 to 58.2; 
hazard ratio, 1.09; 95% CI, 0.62 to 1.93; P = 0.76). 
D2 lymphadenectomy plus PAND in node-positive 
patients results in worse survival rates; it is un-
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Figure 2. Kaplan–Meier Estimates of Overall Survival (Panel A)  
and Recurrence-free Survival (Panel B).

PAND denotes para-aortic nodal dissection.
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likely that D2 lymphadenectomy plus PAND would 
have resulted in better survival rates if we had had 
more patients with para-aortic node metastases.

A large phase 3 trial recently demonstrated that 
adjuvant therapy with S-1, an orally active fluo-
ropyrimidine, significantly improved survival in 

Japanese patients with stage II or III gastric can-
cer.35 As was suggested in the case of chemo
radiation,10 there may be some interaction between 
surgery and adjuvant treatment. In our study, 
which was performed before the S-1 trial, no pa-
tients received any adjuvant treatment.

33p9

0.0 0.5 1.0 2.52.01.5

D2 BetterD2 plus PAND
Better

Total

Age

<56 yr

56–65 yr

>65 yr

Sex

Male

Female

Body-mass index

<22.0

22.0–24.9

>24.9

Tumor location

Upper third of stomach

Middle third of stomach

Lower third of stomach

Tumor size

<4.6 cm

4.6–6.5 cm

>6.5 cm

Histologic type

Differentiated

Undifferentiated

Borrmann macroscopic type

0, 1, or 2

3 or 5

Clinical T stage

T2b

T3 or T4

Clinical node status

Negative

Positive

Pathological T stage

T1 or T2a

T2b

T3 or T4

Pathological node status

Negative

Positive

Hazard Ratio for DeathSubgroup P Value

0.45

0.27

0.25

0.18

0.10

0.13

0.86

0.09

0.33

0.004

0.003

96/263

27/83  

45/109

24/71  

60/176

36/87  

43/138

38/87  

15/38  

18/53  

42/103

36/107

24/86  

39/93  

33/84  

35/97  

61/166

33/109

63/154

25/99  

71/164

13/43  

83/220

10/55  

26/79  

60/129

19/79  

77/184

95/259

23/77  

36/98  

36/84  

69/182

26/77  

47/125

36/95  

12/39  

10/46  

39/103

46/110

22/92  

30/83  

43/84  

31/107

64/152

32/110

63/149

16/97  

79/162

9/42

86/217

7/50

17/95  

71/114

10/95  

85/164

AUTHOR:

FIGURE:

JOB:

4-C
H/T

RETAKE

SIZE

ICM

CASE

EMail Line
H/T
Combo

Revised

AUTHOR, PLEASE NOTE: 
Figure has been redrawn and type has been reset.

Please check carefully.

REG F

Enon

1st

2nd
3rd

Sasako

3 of 3

07-31-08

ARTIST: ts

35905 ISSUE:

D2 D2 plus PAND
no. of deaths/no. of patients

Figure 3. Tests for Heterogeneity of Treatment Effect According to the Clinicopathological Characteristics  
of the Patients.

D2 denotes D2 lymphadenectomy, and PAND para-aortic nodal dissection. The figure shows P values for interac-
tions and hazard ratios for death in the group assigned to D2 lymphadenectomy plus PAND, with 95% confidence 
intervals. The body-mass index is the weight in kilograms divided by the square of the height in meters.

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission. 



n engl j med 359;5  www.nejm.org  july 31, 2008462

D2 Lymphadenectomy plus Par a-Aortic Dissection for Gastric Cancer

In conclusion, extended D2 lymphadenectomy 
plus PAND should not be used to treat curable 
stage T2b, T3, or T4 gastric cancer. D2 gastrectomy 
is associated with low mortality and reasonable 
survival times when performed in selected in-
stitutions that have had sufficient experience 
with the operation and with postoperative man-
agement.
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