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tion of Gastric Carcinoma??; 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.s 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.™
D2 Lymphadenectomy D2 Lymphadenectomy
Alone plus PAND

Characteristic {N=263) (N=260) P Valuet

Age —yr 0.34
Median 60 61
Range 25-75 27-75

Sex— no. (%) 0.40
Male 176 (66.9) 183 (70.4)
Femnale 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)
225.0 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 —em 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
0,1,0r2 109 (41.4) 110 (42.3)
3or5 154 (58.6) 150 (57.7)

Clinical T stage — no. (%)% 1.00
T2b 99 (37.6) 98 (37.7)
T3orT4 164 (62.4) 162 (62.3)

N ENGLJ MED 350;5 WWW.NEJM.ORG JULY 31, 2008



|
c
|
|
|
]

D2 LYMPHADENECTOMY PLUS PARA-AORTIC DISSECTION FOR GASTRIC CANCER

Table 1. (Continued).*
D2 Lymphadenectomy D2 Lymphadenectomy
Alone plus PAND
Characteristic (N=263) (N=260) P Valuej
Clinical node status — no. (%) 1.00
Negative 43 (16.3) 42 (16.2)
Positive 220 (83.7) 218 (83.8)
Pathological T stage — no. (%)Y 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)
Pathologica! 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. {%6) 0.50
RO 261 (99.2) 260 (100)
Rl 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
p P g

positive nodes, for which the Wilcoxon test was used.

1 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.

QThe T stage was determined according to the first English edition of the Japanese Classification of Gastric Carcinoma.*?
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 classificatio

nlﬁ

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 S 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.?* 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
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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.

RESULTS

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,?* 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 S-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% ClI, 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 S-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-

plus PAND
{N=106)

39 (36.8)
23 (21.7)
24 (22.6)
20 (18.9)

Table 2. Site of First Tumor Recurrence.*
D2 Lymphadenectomy D2 Lymphadenectomy
Alone
Site (N=109)
no. (%)

Peritoneum 43 (39.4)
Lymph nodes 24 (22.0)
Liver 21 (19.3)
Others 21 (19.3)

* 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.

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.?52 In two European randomized trials com-
paring D1 with D2 gastrectomy, the mortality rates
in patients treated with D2 gastrectomy reached
10% or higher.3%3 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
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those assigned to D2 lymphadenectomy plus PAND

A 100+ than in those assigned to D2 lymphadenectomy
504 - gi ’mﬁ:ﬁzﬁzﬁ; alone, whexseas in pa:tients with any metastatic
c plus PAND nodes, survival rates in the group assigned to D2
g lymphadenectomy plus PAND were worse than
5 601 AR L those in the group assigned to D2 lymphadenec-
@ ig: tomy alone, This paradoxical interaction with
B ol nodal pathologic findings needs cautious interpre-
S 204 tation, because it was detected in 2 post hoc sub-
10+ group analysis and was thus subject to biases and
0 S A errors res‘ulting from mu!tiple testingf moreover,
Vears this finding should not influence clinical deci-
) sions, since we have no accurate method of assess-
g;'g?;?:k 263 246 226 201 188 173 115 64 44 21 6 %ng lymph-.node metastases bc'zfore Surgery, af‘d
D2plus PAND 259 241 215 198 186 176 112 71 43 16 5 intraoperative frozen-section diagnosis of all dis-
group sected lymph nodes (of which the median num-
ber is >50) is not feasible. In fact, the proportion
B 100~ of patients with pathologically negative nodes
£ oo .2 "’; ‘:f;‘gﬂi’:‘?“t‘:’;’y (33.5%) was twice as high as that determined from
T 80- plus PAND clinical findings (16.3%). Within the range of the
T 707 first- and second-tier nodal stations, a high prob-
4 :g: ability of residual nodal metastasis, as calculated
“’3 40 by a computer program based on the large data-
§ 30 base at the National Cancer Center Tokyo, was
5 201 associated with a poor prognosis. This finding was
g 104 . . .
& ————— —_— confirmed in two randomized trials of surgery for
o 1 2 3 4 5 & 7 38 9 1o 1 gastric cancer conducted in Europe and the United
Years States.3%33 Qur results are contradictory, since
No. at Risk treatment with D2 lymphadenectomy plus PAND
D2 group 263 225 202 176 168 146 88 55 36 9 2 should reduce the probability of residugl metas-
D2plus PAND 259 215 189 166 154 142 85 59 30 8 1

tases in node-positive patients but not in node-
negative patients, in whom there is no possibility

group

Figure 2. Kaplan—Meier Estimates of Overall Survival (Panel A) of nodal metastases in the para-aortic area. Since
and Recurrence-free Survival {Panel B).

PAND denotes para-aortic nodal dissection, this result.f:mm a. post hoc S ubgrm'lp 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
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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

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 7.4 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% ClI, 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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Subgroup D2 D2 plus PAND Hazard Ratio for Death P Value
no. of deaths/no. of patients
Total 96/263 95/259 ——t
Age : 0.45
<56 yr 27/83 23477 ————y
5665 yr 45/109 36/98 —a
>65 yr 24/71 36/84 ——n 4
Sex ) 0.27
Male 60/176 697182 e
Fernale 36/87 26/77 et
Body-mass Index 3 0.25
<22.0 43/138 47/125 e
22.0-249 . 38/87 36/95 ———
>24.9 15/38 12/39 ——
Tumor location : 0.18
Upper third of stomach 18/53 10/46 ——
Middle third of stomach 42/103 39/103 —t
Lower third of stomach 36/107 46/110 o e |
Tumor size i 0.10
<4.6cm 24/86 22/92 —de—y
46-65cm 39/93 30/83 ———
6.5 cm 33/84 43/84 £ -
Histologic type 3 0.13
Differentiated 35/97 31/107 p—tl——
Undifferentiated 61/166 64/152 —_—
Borrmann macroscopic type H 0.86
0,1,0r2 33/109 32/110 ——i
3dors 63/154 63/149 ——
Clinical T stage E 0.09
T2b 25/99 16/97 s e o |
T3 or T4 71/164 79/162 ——
Clinical node status ' 0.33
Negative 13/43 9/42 ——y
Positive 831220 86/217 e l——
Pathological T stage E 0.004
Tl or T2a 10/55 7/50 L L 1
T2b 26/79 17/95 ——
T3 or T4 60/129 71/114 e e |
Pathological node status : 0.003
Negative 19/79 10/95 e e I
Positive 77/184 85/164 ——
00 05 10 15 20 25
D2 plus PAND D2 Better
Better
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.

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.3> As was suggested in the case of chemo-
radiation,*® 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.
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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- reported:

stitutions that have had sufficient experience
with the operation and with postoperative man-

agement.
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gastric cancer
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Abstract Chemoradiotherapy (CRT) is one of the effective
modalities for the local control of gastric cancer. Advances
in CRT as an adjuvant treatment have been made in the
West. The INT0116 trial demonstrated that postoperative
chemotherapy with 5-fluorouracil (FU) plus leucovorin
and concomitant 45-Gy radiation significantly improved the
survival of gastric cancer patients who received gastrectomy
with D0 or D1 lymph node dissection. As the result of this
trial, the standard treatment for curable gastric cancer in
the United States has been considered as a combination of
surgery and postoperative CRT. The great interest in CRT
in the adjuvant setting for gastric cancer has induced oncol-
ogists, particularly in the West, to conduct new clinical trials
using various kinds of anticancer drugs. However, there is
no rationale for adjuvant CRT after D2 dissection. Large-
scale randomized controlled trials in Japanese patients have
shown significant improvement of overall survival brought
about by postoperative adjuvant chemotherapy with S-1.
The results of these studies have suggested that even D2
surgery alone brings about much better survival for patients
than limited surgery plus adjuvant CRT. Thus, strategies for
the postoperative treatment of gastric cancers should be
classified according to the degree of surgery.

- Stomach -

Key words Chemoradiation - Radiation

INTO116

Introduction

The primary role of radiotherapy or chemoradiotherapy
(CRT) for patients with malignancies is local control of the
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tumor. A combination of radiotherapy plus a fluoropyrimi-
dine (5-fluorouracil [5-FU]) used as a radiation sensitizer,
could result in the good control of small amounts of residual
or recurrent gastric cancer.' In the early 1980s, a random-
ized controlled trial (RCT) examining the effect of postop-
erative CRT for gastric cancer patients was conducted
in the United States.? The CRT regimen was 37.5 Gray with
combination chemotherapy using 5-FU (three courses of
rapid intravenous infusion). The results showed 5-year
overall survival (OS) rates and local recurrence rates of 4%
and 54%, respectively, in the surgery-alone group and 23%
and 39%, respectively, in the CRT group. Although only 62
patients were registered in this study, it was the first RCT
to show that postoperative CRT might be a promising
modality after surgery for gastric cancer patients.

In the early 1990s, a British RCT was conducted to eval-
uate the efficacy and the safety of postoperative radiother-
apy and postoperative chemotherapy.® A total of 436 gastric
cancer patients were randomized to either a surgery-alone
group, a postoperative radiotherapy group, or a post-
operative chemotherapy group. In the radiotherapy group,
a midline dose of 45 Gy was given over 35 days, with the
option of a further 5-Gy boost to a reduced field. In the
chemotherapy group, 4 mg/m* mitomyein, 30 mg/m* doxo-
rubicin, and 600 mg/m® 5-FU were given on a 3-weekly basis
for eight cycles. Neither the radiation group nor the chemo-
therapy group demonstrated a survival benefit when com-
pared to the surgery-alone group; S-year OS rates in the
surgery-alone group, the radiation group, and the chemo-
therapy group were 20%, 12%, and 19%, respectively. This
negative result triggered the acceleration of the use of post-
operative CRT or preoperative chemotherapy for gastric
cancer patients in the West.

Intergroup (INT) 0116 trial

In the late 1990s, an American RCT (INT0116) was con-
ducted to evaluate the survival benefit of adjuvant CRT
for gastric cancer.* A total of 556 patients with resected
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adenocarcinoma of the stomach or gastroesophageal junc-
tion were randomly assigned to either a surgery-alone group
or a CRT group. In this trial, the treatment in the CRT
group consisted of 425 mg/m’® bolus 5-FU per day and
20 mg/m’ leucovorin for 5 days, followed by 45-Gy radiation
at 1.8 Gy per day, 5 days per week for 5 weeks, with a
400 mg/m” 5-FU bolus and 20 mg/m’ leucovorin per day on
the first 4 and the last 3 days of radiotherapy. One month
after the completion of radiotherapy, two 5-day cycles of
5-FU and leucovorin were given. Radiation was focused on
the level-2 lymph node stations and both the proximal and
distal resection margins. As a result, the CRT group showed
a significant improvement in OS (P = 0.005) with the hazard
ratio for death of 1.35 (95% confidence interval, 1.09 to
1.66). Local recurrence occurred in 29% of the patients in
the surgery-alone group and in 19% of those in the CRT
group. Grade 4 adverse events occurred in 32% of the
patients in the CRT group, and 3 patients (1%) died from
toxic effects of the CRT. The proportion of patients who
completed the CRT was 64%. Since the reporting of this
result, the standard treatment for curable gastric cancer in
the United States has been considered as a combination of
surgery and postoperative CRT,

However, most surgeons and oncologists who were
familiar with D2 lymph node dissection could not accept the
result of the INT0116 trial, because the surgical quality in
this trial was an important issue. A detailed analysis of the
type of surgery revealed that 54% and 36% of the patients,
respectively, underwent D0 and D1 dissection, while only
10% underwent D2 dissection. In the subgroup analyses,
the survival benefit of adjuvant CRT was not observed in

Table 1. Comparison between the INT0116 and the JCOG9206-2 trials

the patients who received D2 dissection.’ Recently, a Tai-
wanese RCT comparing D2 with D1 dissection without
adjuvant therapy demonstrated the survival benefit of D2
dissection over D1; the 5-year survival rates of patients who
received D2 and D1 dissections were 59.5% and 53.6%,
respectively (log-rank; P = 0.04).° Furthermore, the latest
Japanese RCT (Japan Clinical Oncology Group [JCOG]
9501),” which compared D2 with D2 plus paraaortic nodal
dissection for stage T2b-T4 gastric cancer, demonstrated
that there was no significant difference in survival between
the two groups and that D2 dissection without adjuvant
therapy brought about much better long-term survival than
that in previous reports from outside eastern Asia. These
Asian studies®’ indicated that D1 dissection was insufficient
treatment for local control in patients with curable gastric
cancer.

Of interest, the patient population enrolled in the CRT
group in the INTO0116 trial was quite similar to that enrolled
in another Japanese RCT (JCOGY9206-2), which compared
surgery alone with surgery followed by adjuvant chemo-
therapy with cisplatin, 5-FU, and uracil-tegafur (Table 1).
The S-year OS rates in the CRT group in the INT0116 trial
and in the surgery-alone group in the JCOG9206-2 trial
were 42% and 61%, respectively. Although a direct com-
parison of results from two different trials needs careful
consideration in the interpretation, this suggests that D2
dissection without adjuvant therapy might produce better
survival than D0/D1 dissection followed by CRT. Thus, the
result of the INT0116 trial* can be generalized only to
gastric cancer patients who received D0 or D1 lymph node
dissection.,

INTO116* JC0G9206-2°
Country United States Japan
Number of patients 281 (tested group) 133 (control group)
Treatment Surgery plus adjuvant CRT Surgery-alone
Proportion of patients with D2 or greater lymph node dissection 10% 99%
Proportion of pathological T3/4 cases 69% 69%
Proportion of pathological node-positive cases 86% 76%
Overall survival rate 3-Year: 50% 3-Year: 66%
5-Year: 42% 5-Year: 61%
Table 2. Comparison between Korean nonrandomized study and Japanese randomized studies
Korean study’ JCcoaG9sol’ ACTS-GC"
Country Korea Japan Japan
Study design Non-RCT RCT RCT
Number of patients 281 (tested group) 263 (control group) 529 (tested group)
Treatment Surgery (D2) plus adjuvant CRT Surgery alone (D2) Surgery {D2) plus adjuvant
chemotherapy (S-1)
Proportion of pathological T3/4 cases 48% 49% 45%
Proportion of pathological 51% 70% 90%
node-positive cases
Overall survival rate 3-Year: 66% 3-Year: 76% 3-Year: 80%
5-Year: 57% 5-Year: 69%
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Adjuvant chemoradiotherapy after D2 lymph
node dissection

The benefit of adjuvant CRT after curative gastrectomy
with D2 lymph node dissection is controversial. A Korean
nonrandomized study examined the survival benefit of
adjuvant CRT after D2 dissection.” A total of 544 patients
with curatively resected gastric cancer received adjuvant
CRT (the same as that used for the INT0116 trial), while a
total of 446 patients received surgery alone. The OS in
patients with CRT was significantly better than that in
patients without CRT (5-year OS rates, 57% vs 51%). The
hazard ratio for death was 0.80 (95% confidence interval,
0.67 t0 0.97), and the log-rank P value was 0.02. The propor-
tion of patients with local recurrence within the radiation
field was significantly lower in the CRT group (15%) when
compared with that in the surgery-alone group (22%). In
the CRT group, 75% of the enrolled patients completed
treatment as planned, and only 1 patient (0.2%) died of
toxicity. The authors concluded that adjuvant CRT was
feasible even after D2 surgery and could improve survival.
However, the survival in the CRT group reported in this
Korean study was much worse than that in the surgery-
alone group in the Japanese JCOG9501 trial’ (Table 2). The
proportion of patients with pathological T3/4 stage was
similar in both studies, but the proportion of pathological
node-positive cases in the Korean study was lower than that
in the JCOG9501 trial. Of note, a large-scale RCT (ACTS-
GC),"® which compared surgery alone with adjuvant che-
motherapy using S-1 for 1 year after D2 dissection, was
conducted in patients with stage II/III gastric cancer in
Japan. It demonstrated that there was a significant survival
benefit of adjuvant chemotherapy, which led to the estab-
lishment of new standard treatment for stage II/III gastric
cancer in Japan. The background of the patients in the
Korean study’ was very similar to that in the Japanese
ACTS-GC trial regarding pathological T stage, but the
ACTS-GC trial included many more pathological node-
positive cases than the Korean study. Nevertheless, the 3-
year OS rate in the adjuvant chemotherapy group was 80%
in the ACTS-GC trial, while the 3-year OS rate in the
adjuvant CRT group was 66% in the Korean study. This
suggests either that the D2 dissection at this Korean insti-
tute may not have been sufficient as local control, or that
chemotherapy without radiation was more effective than
chemotherapy with radiation when patients underwent D2
dissection. Besides the Korean study, two feasibility studies
of CRT based on the INT0116 trial were reported from
Singapore and Hong Kong,'" but the long-term outcomes
in these retrospective studies were inferior to those in the
Japanese randomized studies™'® noted above.
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Any
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United States
Floxuridine
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Ongoing studies of adjuvant CRT

Reflecting the great interest in the adjuvant setting of CRT
for gastric cancer patients, there are many ongoing studies
in Western countries and in Eastern Asia (Table 3). Among

Table 3. Ongoing studies of adjuvant chemoradiotherapy for gastric cancer

Target gastric cancer population
Degree of lymph node dissection

Estimated number of patients
Chemotherapy regimen

ClinicalTrials.gov identifier
Country

Study design

Radiation dose
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them, only the Korean study and the Australian study
limited the inclusion criteria to patients who received D2
surgery. The largest trial, CALGB80101, was planned to
compare 5-FU plus leucovorin with ECF (epirubicin, cispla-
tin, 5-FU) in combination with radiation therapy. Because
the ECF regimen as pre- and postoperative chemotherapy
is one of the standard treatments for resectable gastric
cancers in Europe, according to the positive result of the
MAGIC trial,” the CALGB80101 trial should show which
is the better chemotherapy regimen to be combined with
radiation for gastric cancer patients who receive D0 or D1
surgery. In Korea, capecitabine, an oral fluoropyrimidine,
is frequently used for the treatment of gastric cancers, so
that an RCT is planned to compare capecitabine plus cispla-
tin with and without radiation, which may prove the signifi-
cance of radiation after D2 surgery.

Conclusion

CRT has a certain benefit for gastric cancer due to its good
local control, so that it is important to consider how to
utilize this modality. The results of the INT0116 trial* led
to adjuvant CRT for gastric cancer patients becoming one
of the standard treatments after gastrectomy with D0 or D1
lymph node dissection. However, there is no rationale for
employing CRT in patients after D2 surgery. The Japanese
RCTs™'® have suggested that D2 surgery alone or D2
surgery plus adjuvant chemotherapy using S-1 brings about
much better survival than D0/D1 surgery plus adjuvant
CRT. Therefore, it seems reasonable that the target popula-
tion for adjuvant CRT should be limited to gastric cancer
patients who have received DO or D1 surgery.
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Abstract

Background Linitis plastica-type gastric carcinoma
remains a disease with poor prognosis despite an aggres-
sive surgical approach. Although a prominent pattern of
disease failure is peritoneal carcinomatosis, some patients
experience rapid disease progression without signs of the
peritoneal disease,

Methods Clinicopathologic data from 178 patients with
linitis plastica-type gastric cancer operated on between
1991 and 2000 were analyzed. Survival stratified by cur-
ability of surgery, pN stage, and patterns of failure were
evaluated by using the Kaplan-Meier method, and 7 test
was used to evaluate correlation between the number of
metastatic lymph nodes in terms of pN categories and the
incidence of various patterns of metastasis and recurrence.
Cox regression hazard model was used to identify inde-
pendent prognostic factors,

Results RO resection was performed only among 82
patients (46% of those who underwent laparotomy). Node
metastasis was frequent with only 22 patients classified as
pNO. Peritoneal carcinomatosis was observed in 13]
patients and was the commonest pattern of recurrence.

Bone metastasis, found in 13 patients, was associated with -

poor outcome, and its incidence was significantly
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correlated with the number of metastatic nodes. pT4 status
and pN3 status were identified as significant independent
prognostic determinants.

Conclusion Treatment strategy for the linitis plastica
should in general combine surgery with aggressive treat-
ment directed toward peritoneal disease. However, patients
with >16 metastatic nodes more often are associated with
bone metastasis than those with modest nodal involvement
and suffer from poor prognosis.

Introduction

Linitis plastica-type gastric carcinoma is found in 12-14%
of all cases of advanced gastric carcinoma in leading
institutions in Japan and western countries [1]. It is dif-
fusely infiltvative by nature and has a propensity toward
involvement of the entire stomach, invasion of the gastric
serosa, peritoneal seeding, and gross lymph node metas-
tases [2]. In Japan, radical surgery with systemic extended
lymphadenectomy has been considered effective in the
management of gastric carcinoma in general [3, 4]
Authors, along with others, have shown some encouraging
data, indicating that the advantageous effect of the exten-
ded surgery that has been suggested for gastric cancer in
general in Japan also applies to the linitis plastica type
(5-7], provided curative (RO} resection was performed.
However, prognosis of the patients with this type of cancer,
whose common pattern of failure is peritoneal dissemina-
tion, remains outstandingly poor in comparison with other
types [8]. Given that free disseminated cancer cells are
detected from the peritoneal washing by reverse-trans-
criptase polymerase chain reaction in up to 70-80% of
patients who undergo surgery for the linitis plastica, all
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efforts to cure the disease by surgery may begin to seem
futile.

More recently, the authors and others have found that
chemotherapy with modem cytotoxic agents exerts some
promising effect on patients with free cancer cells in the
peritoneal cavity. Two-year survival rate of the patients
who were positive for peritoneal washing cytology treated
with S-1 monotherapy was 47%, whereas <20% of similar
patients in the historical control survived that far [9].
Intraperitoneal drug delivery of anticancer drugs also is a
rational option to treat the disseminated cancer, and a high
level of evidence in support of intraperitoneal administra-
tion of cisplatin and paclitaxel was reported for optimally
debulked ovarian cancer [10], another cancer type that is
frequently associated with the peritoneal disease. The
authors also have begun to accumulate favorable in vivo
[11] and pharmacokinetic data [12], suggesting that intra-
peritoneal administration of paclitaxel could be effective to
combat peritoneal metastases derived from gastric cancer,
It seems adequate to combine surgery with chemotherapy
directed toward peritoneal disease when considering a
multimodal treatment strategy for the linitis plastica, In
practice, however, a certain population with this type of
cancer are found to die early without any signs of perito-
neal disease. To explore whether it is possible to customize
perioperative therapy against patients with the linitis
plastica, the authors analyzed pooled data of linitis plastica
patients treated with the conventional policy of radical
surgery alone or surgery followed by chemotherapy, and
searched for clinicopathologic characteristics that predicts
early disease failure.

Patients and methods

Between 1991 and 2000, a total of 2,244 patients with
gastric carcinoma were identified in the prospective data
file at Department of Surgery IL Nagoya University
Graduate School of Medicine and Department of Gastro-
enterological Surgery, Aichi Cancer Center. Among them,
192 patients (8.6%) had gastric cancer of the linitis plastica
type and fulfilled the following criteria to be included for
analyses in the current study: 1)patients with primary
gastric carcinoma who were preoperatively diagnosed as
linitis plastica type by barium meal and endoscopy; 2)
patients who were not given neoadjuvant chemotherapy; 3)
patients with no signs of ascites, distant metastasis, or
bulky paraaortic nodes metastases after the preoperative
evaluation with physical examination and computerized
tomography. This database allows for accurate storage and
retrieval of patients hased on the Japanese Classification of
Gastric Carcinoma [13] and tumor-node-metastasis [14].
Fourteen of the 192 patients were lost to follow-up, and the
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remaining 178 patients form the basis of current study. Of
these, patterns of disease failure are unknown in 6 patients,
Of 150 patients who were treated with gastrectomy, details
of the number of metastatic lymph nodes were unavailable
in 2 patients.

Surgical procedure

Indication for gastrectomy was decided based on surgical
findings at laparotorny, except in four patients who
underwent staging laparoscopy. After laparotomy,
abdominal cavity was thoroughly examined for tumor
metastasis and peritoneal deposits in particular. A sample
of peritoneal deposits was taken whenever they were
detected and diagnosis of cancer metastasis was histolog-
ically confirmed by frozen sections. Gastrectomy was
performed and chemotherapy given at the discretion of the
surgeons for the patient who was diagnosed at laparotomy
to have a small number of peritoneal deposits (P1-P2 by
the Japanese Classification for Gastric Carcinoma [13]).
Gastrectomy was avoided for those with extensive invasion
to the retroperitoneum and for those with extensive peri-
toneal dissemination graded as P3 by the Japanese
Classification of Gastric Carcinoma. When potentially
curative RO resection [14] was considered possible, total
gastrectomy with splenectomy and D2 lymphadenectomy
as proposed by Maruyama [15] had been the treatment of
choice. Efforts were made to avoid distal pancreatectomy
unless direct invasion to the pancreas was observed,

Histopathological evaluation of the resected specimens

The resected specimens were examined by the pathologists
after hematoxylin and eosin staining, depth of cancer
invasion (pT categories), and the number of metastatic
lymph nodes (pN categories) were evaluated for clinical
staging according to the Tumor-Node-Metastasis classifi-
cation [14]. The nodal status was not evaluated
histopathologically in 30 patients with disseminated or
locally advanced disease, including 28 patients who did not
undergo gastrectomy.

Follow-up program

The patients were followed for a median of 3,509 (range,
1,825-5,295) days or until death. Follow-up program
consisted of interim history, physical examination, hema-
tology, and blood chemistry panels, including serum CEA
and CA19-9 values, which were performed every 3 months
for the first postoperative year, and every 6 months
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thereafter. Abdominal ultrasonography or computerized
tomography was performed every 6 months. Autopsy or
second-look surgery was not always performed, and failure
analysis is based primarily on clinical observations and
information obtained through computerized tomography,
bone scintigram, physical examination, and clinical
symptoms.

Statistical analysis

Survival analysis stratified by curability of surgery was
performed with all 178 patients. Survival analysis with
reference to the number of nodal metastasis was performed
with 148 patients who underwent gastrectomy and had
detailed data regarding the number of lymph nodes
removed. Failure analyses were performed in 172 patients
whose patterns of disease failure had been recognized. The
Kaplan-Meier method was used to plot the survival curves.
The Student’s ¢ test was used to evaluate the difference in
the number of metastatic lymph nodes between a group of
patients who developed bone metastasis and a group who
did not. 7% test was performed to evaluate correlation
between the number of metastatic lymph nodes and the
incidence of bone, liver, or distant lymph node metastasis.
Cox regression hazard model was used for multivariate
analysis to find a significant independent prognostic factor.

Results
Patient demographics

Mean age of the patients was 59 =+ 11.5 years (male:female
ratio, 90:88). A total of 150 patients were treated with
gastrectomy (115 total, 1 proximal, and 34 distal gastrec-
tomies), and the remaining 28 underwent exploratory
laparotomy or laparoscopy. Extended lymphadenectomy of
D2 or more had been performed in 101 patients. RO resec-
tion was performed only for 82 patients (46% of those who
underwent laparotomy). Serosal invasion was found in 158
patients (89%), of which 54 had invasion to the adjacent
structures (pT4). Node metastasis also was frequent, and
only 22 patients were found after systemic lymphadenec-
tomy to have no lymph node metastasis. The mean number
of metastatic nodes was 15 among those who underwent
gastrectomy and 10.2 among those treated by RO resection.
Despite the preoperative diagnosis through conventional
imaging studies that these patients have no distant metas-
tasis, peritoneal deposits were found at laparotomy in as
many as 78 patients (44%), confirming the well-docu-
mented fact that laparoscopic examination is mandatory for
accurate staging of advanced gastric cancer.

Operative mortality

Only seven patients died of causes other than cancer, of
which two patients had recurrent disease at the time of
death, One patient died on the 3rd postoperative day as a
result of heart failure, and another on the 245th postoper-
ative day after a prolonged effort to control the surgical
complication. No other perioperative death was observed,
and postoperative mortality rate was 1.1%.

Survival of the patients according to residual tumor
classification, respectability, and the number of
metastatic lymph nodes

The prognosis of 178 patients with linitis plastica in this
study was poor, with a 50% survival time of 13.8 months,
Median survival time of patients treated with RO resection
was 30.2 months, those treated with palliative resection
was 8.2 months, and those who did not undergo a gas-
trectomy was 7.8 months, with no difference in survival
between the latter two groups (Fig. 1). Survival analysis of
the patients stratified by the pN categories according to the
TNM classification revealed that only a subset with meta-
static lymph nodes >16 (pN3) exhibited remarkably poor
prognosis (Fig. 2). On the other hand, patients without
nodal metastasis (pNO) did not survive any longer than the
node-positive patients.

RO resection, n=82

Palliative not resected, n=28
Q- resection, =68 1 L
T T H ] i 1 i L
0 500 1000 1500 2000
days after surgery

Fig. 1 Survival of patients with linitis plastica-type gastric carci-
noma (n = 178) stratified according to the surgery performed: RO
resection (i1 = 82), palliative resection (n = 68), and exploratory
laparotomy or laparoscopy (n = 28)
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days after surgery

Fig. 2 Survival of patients with linitis plastica-type gastric carci-
noma who underwent gastrectomy with systemic lymphadenectomy
(n = 148) stratified according to the number of metastatic lymph
nodes: pNO = no metastatic lymph nodes (n = 22); pNI = 1-6
metastatic nodes {n = 34); pN2 = 7 ~15 metastatic nodes (n = 31);
pN3 = >16 metastatic nodes (n = 61)

Patterns of disease failure: the association with pN stage
and prognosis

Clinically observed patterns of disease failure were peri-
toneal carcinomatosis in 131, distant lymph nodes in 17,
bone or bone marrow metastasis sometimes leading to
disseminated intravascular coagulation in 13, hepatic in 11,

Fig. 3 Survival of patients with
linitis plastica-type gastric ) FE— " ) ;

Liver metastasis

local in 6, and other sites in 8. Twenty-eight patients suf-
fered from multiple patterns of metastasis, including eight
patients with metastatic disease in three distinct sites.
Survival of patients with metastases and recurrences to the
bone, liver, and distant nodes were invariably brief,
whereas a fraction of patients with peritoneal carcinoma-
tosis survived longer (Fig.3). z° analysis showed a
remarkable and statistically significant trend of patients
with > 16 metastatic lymph nodes suffering from bone
metastasis (Table 1), whereas there were only weak cor-
relations between a high pN stage and hepatic metastasis or
recurrences in the distant nodes (data not shown). The
number of metastatic nodes among patients with bone
metastasis was 26.7 & 7.7 and was significantly greater
than the number among other patients (14 £ 13.6;
p = 0.0026). Peritoneal carcinomatosis occurred com-
monly and regardless of the nodal status in patients with
linitis plastica-type gastric cancer.

Independent prognostic factors to predict and long-
term survival

Univariate analyses identified sex, invasion to the adjacent
structures (T4 status), finding of the peritoneal seeding
(positive versus negative), hepatic metastasis and pres-
ence > 16 metastatic nodes (pN3 versus others), and
R-classification (RO versus R1 and R2) as significant
proguostic factors. Of these, R-classification, pN3 status,

Bone metastasis

1 A, I 1 1 1 A 1 1 N 1 )

carcinoma stratified by whether 1
they suffered from a specific
type of metastasis or recurrence.
Although patients rarely had
hepatic or bone metastasis,
patients with these metastases 4
had extremely poor prognosis

No, =161

21 o N
1 Yes, 13
09 L
0 500 1000 1500 2000 0 500 1000 1500 2000
Distant nodal metastasis Peritoneal carcinomatosis
1 SEEE [
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41 No, =155 L 4 L
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Table 1 Bone metastasis among patients with a greater number of
metastatic lymph nodes

Bone metastasis

No Yes
pNO (no. of metastatic nodes 0) 19 0 19
pN1 (no. of metastatic nodes 1-6) 34 0 34
pN2 (no. of metastatic nodes 7-15) 30 1 31
pN3 (no. of metastatic nodes >16) 51 10 61
134 11 145

p = 0009

Of 150 patients who underwent gastrectomy, 3 patients with no
information regarding patterns of disease failure and 2 in whom the
number of metastatic lymph nodes had been unavailable were
excluded

and sex were independent significant prognostic factors
(Table 2).

Discussion

Prognosis of linitis plastica type gastric cancer remains
dismal compared with other types of gastric carcinoma (8],
More radical approach with super-extended lymphadenec-
tomies has been proposed in Japan several years ago [6, 7],
but the current consensus derived from recent data is that
patients with peritoneal deposits do not benefit from sur-
gical treatments, as observed in the current study in which
patients treated by palliative resection did not live Jonger
than those who did not undergo gastrectomy. Furthermore,
the authors have shown through molecular detection using
CEA RT-PCR that free cancer cells can be found scattered
in the peritoneal cavity of 70-80% of patients with the
linitis plastica {16). Although these findings are discour-
aging, some evidence pointing to the efficacy against
peritoneal carcinomatosis through the use of recent cyto-
toxic agents, such as S-1 and paclitaxel have began to
emerge [17, 18]. Clinical trials testing more intensive
strategy to eliminate the intraperitoneal minimal disease,
such as intraperitoneal chemotherapy {10, 12] or

chemohyperthermia in combination with surgery [19-21],
could now be seriously considered.

One drawback to this approach is the possibility that
some patients may die due to rapid progression—particu-
larly due to the pattern of failure other than the peritoneal
metastasis. It is now clear that the risk factors for the early
death are the invasion to the adjacent structure and a large
number of metastatic lymph nodes. Bone metastasis, often
leading to disseminated intravascular coagulation, was
observed in 13 of 178 patients (7.3%) and was associated
with a particularly poor prognosis. This pattern of failure is
mostly observed among patients with pN3-stage disease
(>16 metastatic nodes). A small proportion of patients with
no nodal disease did not show favorable prognosis com-
pared with those with node-positive disease. Thus, biclogy
of node-negative cancer does not seem utterly different
from that of node-positive cancer in terms of survival time
and tendency to develop into peritoneal carcinomatosis. It
remains clear, however, that a great number of metastatic
nodes do reflect a particularly aggressive biology.

Our data delineated the well-documented fact that
accurate preoperative staging for advanced gastric cancer
cannot be obtained without laparoscopic exploration [22,
23]. Despite this knowledge, the authors have not been able
to offer this procedure to all patients with potentially
operable gastric cancer due to limited capacity of the
operating facility. However, patients with linitis plastica
now receive laparoscopy immediately before surgery to
rule out extensive peritoneal disease, because the risk of
finding peritoneal deposits has been repeatedly shown to be
substantial for this type of gastric cancer [16]. Neverthe-
less, those with minimal metastatic disease may still be
offered a multimodal treatment strategy, including surgical
resection, in which case gastrectomy is performed imme-
diately after the exploratory laparoscopy.

Conclusion
Although peritoneal carcinomatosis remains the most

feared pattern of disease failure in the linitis plastica-type
cancer, bone metastasis leading to early death is observed

Table 2 Multivariate analysis of relevant prognostic factors among patients with linitis plastica who were treated with gastrectomy and had data

regarding the number of metastatic lymph nodes available (n = 148)

Variablc Hazard ratio 95% confidence interval p value
R classification R1 and R2 3.16 1.74-5.75 0.0002
No. of metastatic LNs >16 1.64 1.12-241 0.0112
Gender Male 1.64 1.12-2.41 0.0112
Invasion to the surroundings Positive 1.71 1.08-2.7 0.0213
Peritoneal deposits Positive 1.04 0.62-1.74 0.8901
Hepatic metastasis Positive 0.97 0.44-2.11 0.9464
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in 7.3% of patients, and these patients were found to have
extensive nodal disease. pN3 stage (>16 metastatic lymph
nodes) is an adverse prognostic determinant, possibly
resulting in early recurrences outside the peritoneal cavity.
These patients may be candidates for aggressive systemic
therapies rather than locoregional intraperitoneal therapies.
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