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Abstract. Controversy still exists about the optimal lymph node (LN)
dissection for potentially curable gastric cancer. For rational LN dissec-
tion it is important to know the incidence of metastasis at each LN
station. For this purpose a computer program was developed using data
from 4302 primary gastric cancers treated at the National Cancer Center
Hospital in Tokyo between 1969 and 1989. To evaluate the accuracy of the
computer program, the differences between the individual reports gener-
ated by the computer and the stored data were investigated in 282 Italian
patients submitted to curative gastrectomy and D, or more extended LN
dissections for gastric cancer. Receiver operating characteristic (ROC)
analysis was used to assess the sensitivity and specificity of the program
for predicting LN metastases in each of the 16 regional LN stations. The
computer program showed good predictive ability for LN metastases in
most of the 16 LN stations, as the areas under the curve ranged from
0.741 (station 15) to 0.944 (station 8), with a mean of 0.856. A critical
cutoff point of 18% of the program’s expected percentage was the value
maximizing the validity of the prediction. Using an “absolute” cutoff point
of 0%, the overall rate of false-negative (FN) predictions in 176 N+
patients was 11.9%; of these, 11 (6.2%) were absolute FNs, in which the
program totally failed to estimate LN metastases; the remaining 10 cases
(5.7%) were relative FNs because the specific prediction was positive for
a different depth of stomach invasion. The low number of D;/D, lymph-
adenectomies in the historical database may affect the low estimate of
metastases to N;/N, nodes generated by the program. Based on these
data, the program predicts with good accuracy the extent of LN metas-
tases from gastric cancer, but it is not recommended for directing the
surgeon to perform more extensive lymphadenectomy.

In the Western world the 5-year survival rate of patients with re-
sected gastric cancer is around 30% [1, 2]. On the other hand, during
1979-1982 an overall 5-year survival rate of 63.5% has been reported
in the Japanese nationwide registry [3] reaching 71% for the latest
period [4]. Japanese surgeons claim that, apart from early detection,
gastric resection with extended (D,) lymph node dissection markedly
contributes to these results. Nevertheless, the therapeutic value of
extended lymphadenectomy during gastric cancer surgery is still con-
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troversial [5-7], although Western reports also support its effective-
ness for advanced stages (II and IIIa) [8-10].

Lymph node involvement is an important prognostic variable in
gastric cancer [11], and most local failures of surgical treatment
are believed to be sustained by insufficient nodal clearance. Un-
fortunately, current staging methods, such as percutaneous ultra-
sonography, endoluminal ultrasonography (EUS), computed to-
mography (CT), and dynamic CT, do not offer an accurate
preoperative estimation of lymph node involvement [12]. Preop-
erative prediction of lymph node metastases in an individual
patient could be gathered from browsing through historical cases.

A computer program designated to estimate the incidence of
lymph node metastases, the expected prognosis, and other infor-
mation based on the most significant preoperative prognostic
factors was developed by Maruyama’s group [13]. The current
version of the computer program is based on a database of 4302
cases of primary gastric cancer treated at the National Cancer
Center Hospital, Tokyo, between 1969 and 1989. In 1992 the
accuracy of the Maruyama computer program for preoperative
assessment of lymph node metastases was evaluated in a group of
222 German patients with gastric cancer [14]. The study con-
cluded that computer predictions provided perioperative informa-
tion of therapeutic value.

To confirm the German analysis and to establish if this system
is a valuable tool for directing the surgeon to perform more
extensive lymphadenectomy, the differences between the individ-
ual report and the Maruyama program stored data were investi-
gated in 282 Italian patients, checking the computer estimation
against postoperative histologic findings.

Materials and Methods

The basic principle and mathematic concept used in the Ma-
ruyama program were described in 1989 [13]. The Italian Institu-
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Table 1. Regional lymph nodes of the stomach classified by the JRSGC
into numbered stations.

Station no. Description

1 Right paracardial LN

2 Left paracardial LN

3 LN along the lesser curvature

4 LN along the greater curvature

5 Suprapyloric LN

6 Infrapyloric LN

7 LN along the left gastric artery

8 LN along the common hepatic artery
9 LN around the celiac artery

10 LN at the splenic hilum

11 LN along the splenic artery

12 LN in the hepatoduodenal ligament

13 LN on the posterior surface of the pancreatic head

14 LN along the superior mesenteric vein and artery

15 LN along the middle colic vessels

16 LN in the aortic hiatus and around the abdominal aorta

JRSGC: Japanese Research Society for Gastric Cancer [15]; LN:
lymph nodes.

tions (L’Aquila, Rome, and Verona surgical departments) re-
ceived the current version of the program in June 1989 and
started a study to evaluate its performances.

Patients included in the study were those who underwent
total or subtotal gastrectomy with en bloc D, lymphadenec-
tomy, resecting nodes in stations 1 to 12, or D5/D, lymphade-
nectomy, extended to nodes in stations 13 to 16. Patients who
underwent limited lymphadenectomy (D,/D,) were excluded
because of the incompleteness of the excised lymph node
groups. Gastric stump cancer and cardia cancer were also
excluded. At September 1994 a total of 282 patients (80.8% of
349 total patients treated during the same period) entered the
study.

Immediately after the surgical procedure, the resected specimens
were examined according to the rules of the Japanese Research
Society for Gastric Cancer (JRSGC) [15] and the TNM-UICC stag-
ing system [16]. All lymph nodes were labeled according to the
numbering system of the JRSGC, as presented in Table 1. Mean
number of nodes examined by the pathologist per patient was 41
(range 19-78). Concerning Japanese cases collected in the historical
database, the mean number was of 30 nodes. Tumor location, depth
of invasion and nodal status of Italian patients and Japanese patients
are listed in Table 2. There were significantly fewer patients without
lymph node metastases in the Italian group than in the Japanese
group (p < 0.0001). The two series were different also with respect to
tumor location and depth of invasion.

To evaluate the computer program performances, eight
prognostic variables—gender, age, macroscopic type, location,
position, diameter, World Health Organization (WHO) histo-
logic type, depth of invasion—were obtained from the clinico-
pathologic records of each patient. In our institutions, depth of
invasion was classified by histopathologic examination (pT1,
pT2, pT3, pT4) and not by the classification (mm, sm, pm, ss,
sl, s2, s3) used in the program. Therefore pT1 was considered
as m or sm, pT2 always as pm, pT3 as s2, and pT4 as s3.
Undifferentiated cancer was recorded as poorly differentiated,
and tumors involving the entire stomach were assigned to their
prevalent location.
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Table 2. Comparison of clinicopathologic details of 4302 gastric cancer
patients operated on at the National Cancer Center Hospital, Tokyo,
and 282 Italian patients.

4302 Japanese 282 Italian

Parameter patients patients Significance
Location
Upper third 830 (19.3%) 68 (24.1%)  x* = 38.81;
Middle third 1845 (42.9%) 68 (24.1%) p = 0.000001
Lower third 1627 (37.8%) 146 (51.8%)
Depth of invasion
pT1 1746 (40.6%) 67 (23.8%) x*=50.4;
pT2 729 (16.9%) 83 (29.4%) p = 0.000001
pT3 1231 (28.6%) 103 (36.5%)
pT4 596 (13.9%) 29 (10.3%)
Nodal status
pNO 2250 (52.3%) 106 (37.6%) x> =22.3;
pN1, pN2 2052 (47.7%) 176 (62.4%) p = 0.000002

Program Output

The program gives information on the expected frequency of
metastasis in the 16 lymph node stations in three columns (Table
3): one in the center for the degree of parietal involvement, one
for a more superficial layer, and one for a deeper layer (e.g., “PM”
in the center as the selected depth of invasion, “SM” on the left,
and “S1” on the right). The need for other categories is related to
a possible uncertainty in preoperative or intraoperative assess-
ment of the depth of stomach involvement.

Statistical Analysis

The chi-square test was used for testing differences between the
two case series. For each patient in the Italian series, we attrib-
uted the status of lymph node metastasis for each of 16 lymph
node stations on the basis of the postoperative histologic findings.
The absence/presence of metastasis was entered in a logistic
regression model as a dependent variable. Then we assumed, on
the basis of the Maruyama program fitting the patient’s charac-
teristics, the expected percentage of lymph node metastasis for
that patient for each of 16 lymph node stations. The Maruyama
program’s expected percentage was entered in the logistic regres-
sion model as an independent (predictive) variable.

Logistic regression estimates the probability of lymph node me-
tastasis for each patient at the value of the independent variable.
Higher values of this estimated probability are assumed to be asso-
ciated with the event (lymph node metastasis). A receiver operating
characteristic (ROC) curve was constructed for each lymph node
station by varying the cutoff point that determinates which estimated
event probabilities are considered to predict the event. The area
under the ROC curve, which has been described as one of the best
indexes of detectability [17], represents the probability of concor-
dance between the predicted probability and the “true” (according to
the gold standard, i.e., postoperative histology) diagnosis of lymph
node metastasis. The area under the ROC curve, as determined by
the trapezoidal rule, is calculated by the statistic C:

C =[nc + 05— nc — nd) it

where ¢ is the total of pairs with different responses, nc is the
number of concordant pairs, nd is the number of discordant pairs



1552

World J. Surg. Vol. 24, No. 12, December 2000

Table 3. Analysis printout after processing of the clinicopathologic data in a specific patient and prognosis and LN metastases of patients with
same background treated by resection in National Cancer Center Hospital (Tokyo), 1969-1983.

A. Patient L.A.

Gender and age F 60 = Syears

Type/depth B2/PM

Location A A (position)

Maximum diameter 20*25cm

Histologic type SIG

B. Other patients

Depth of invasion SM
Type of cancer 2A
5-Year survival rate (%) 86.6
Greenwood 5% error (%) 18.0
No. of cases 18

Lymph node metastasis”
LN-1° 0/18 (0.0%)
LN-2 0/1 (0.0%)
LN-3 0/18 (0.0%)
LN-4 2/18 (11.0%)
LN-5 0/18 (0.0%)
LN-6 5/18 (28.0%)
LN-7 1/18 (6.0%)
LN-8 1/18 (6.0%)
LN-9 0/17 (0.0%)
LN-10 0/1 (0.0%)
LN-11 0/9 (0.0%)
LN-12 0/8 (0.0%)
LN-13 0/5 (0.0%)
LN-14 0/2 (0.0%)
LN-15 0/3 (0.0%)
LN-16 0/4 (0.0%)

Cause of death
Living now 16 (89.0%)
Unknown 0(0.0%)
Peritoneal dissemination 1 (6.0%)
Hepatic metastases 0(0.0%)
Local recurrence 0(0.0%)
Distant metastases 0(0.0%)
Recurrence 0(0.0%)
Direct death 0(0.0%)
Other cancer 1 (6.0%)
Other disease 0(0.0%)

Curability at surgery
Abs curative 16 (89.0%)
Rel curative 2 (11.0%)
Rel noncurative 0(0.0%)
Abs noncurative 0(0.0%)

PM S1
B2 B2
60.0 37.0
29.0 29.2
15 12
0/14 (0.0%) 0/11 (0.0%)
0/1 (0.0%) 0/0 (0.0%)
3/15 (20.0%) 3/12 (25.0%)
0/15 (0.0%) 4/12 (33.0%)
1/15 (7.0%) 0/12 (0.0%)
V13 (7.0%) 312250
. (2 . (s
1/12 (7.0%) 3/12 (25.0%)
0/12 (0.0%) 1/11 (8.0%)
e mor
. (2 . (2
0/8 (0.0%) 2/8 (17.0%)
0/3 (0.0%) 0/3 (0.0%)
0/2 (0.0%) 0/0 (0.0%)
0/0 (0.0%) 0/0 (0.0%)
0/4 (0.0%) 0/2 (0.0%)
10 (67.0%) 5(2.0%)
0(0.0%) 1(8.0%)
0(0.0%) 2 (17.0%)
2 (13.0%) 1(8.0%)
1(7.0%) 1(8.0%)
0(0.0%) 0(0.0%)
0(0.0%) 0(0.0%)
0(0.0%) 0(0.0%)
1(7.0%) 1(8.0%)
1(7.0%) 1(8.0%)
11 (73.0%) 6 (50.0%)
1(7.0%) 3(25.0%)
0(0.0%) 2 (17.0%)
3(20.0%) 1(8.0%)

F: female; B2: type 2 (ulcerated carcinomas with sharply demarcated and raised margins) according to Borrmann’s classification; PM: muscularis
propria; A: antrum; A (position): anterior wall; SIG: signet-ring cell carcinoma; SM: submucosa; S1: suspected serosal invasion; 2A: superficial elevated
type (early gastric cancer); Abs curative: absolute curative resection; Rel: relative.

“Metastatic/dissected. Percents in parentheses are the percent metastases among all cases.

bJRSGC stations [15].

[18]. All calculations were performed using the SAS/STAT statis-
tical software [19].

Results

Table 4 shows the values for the area under the ROC curves for
each of the 16 lymph node stations. It indicates an overall good
predictive ability of the Maruyama test for predicting lymph node
metastases in specific lymph node stations.

Table 5 reports pairs of sensitivity and specificity values for several
critical (cutoff point) Maruyama program expected percentage val-
ues obtained by the ROC analysis for each of 16 lymph node stations.
The highest validity performances (i.e., the “better” sensitivity—speci-

ficity value pair) are highlighted in Table 5. A critical cutoff point of
18% of the Maruyama program expected percentage maximizes the
test validity. For example, considering station 1, a Maruyama score of
more than 18% enables, when targeting as “positive” (correct pre-
operative diagnosis), almost 86% of patients with metastatic disease,
whereas a Maruyama score lower than 18% enables targeting as
“negative” almost 80% of patients whose disease is nonmetastatic.
If we want to diminish the false-negative proportion (i.e., increase
sensitivity), we must assume as critical a lower cutoff point of the
Maruyama program expected percentage. For example, for station 1
using a cutoff point of 14% a Maruyama score of more than 14%
targets as “positive” almost 93% of patients with metastatic disease;
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Table 4. Areas under the receiver operating characteristic curve for the Maruyama program’s estimated positivity percentage at each of 16 LN

stations in 176 patients.

Frequency of patients with

Area under the

Chi-square statistic for

LN station® dissected LN station ROC curve SE model fitting and p
1 167 (94.8%) 0.858 0.040 44.1; p < 0.001
2 79 (44.9%) 0.811 0.086 39.6; p < 0.001
3 171 (97.1%) 0.872 0.037 40.2; p <0.001
4 168 (95.4%) 0.890 0.033 39.9; p < 0.001
5 155 (88.1%) 0.868 0.039 41.4; p <0.001
6 160 (90.9%) 0.849 0.051 38.6; p < 0.001
7 164 (93.2%) 0.933 0.030 46.1; p < 0.001
8 141 (80.1%) 0.944 0.039 47.7; p <0.001
9 141 (80.1%) 0.879 0.028 45.2; p <0.001

10 123 (69.9%) 0.857 0.055 40.8; p < 0.001

11 139 (78.9%) 0.880 0.046 41.9; p < 0.001

12 102 (57.9%) 0.864 0.087 43.3; p < 0.001

13 27 (15.3%) 0.813 0.104 40.7; p <0.001

14 12 (6.8%) 0.794 0.221 38.5; p < 0.001

15 6 (3.4%) 0.741 0.143 14.3; p <0.05

16 28 (15.9%) 0.840 0.118 37.4; p <0.001

SE: standard error; ROC: receiver operating characteristic.
“JRSGC [15] numbering system.

on the other hand, such a cutoff point is clearly nonspecific, giving a
false-positive proportion of almost 50%.

Table 6 reports the false-positive rate (FPR), false-negative rate
(FNR), positive predictive value (PPV), and negative predictive
value (NPV) for each lymph node station, given the sensitivity/
specificity values of the 18% cutoff reported in Table 5. The FNR
averages around 15% per node. The NPVs are in the range of
80%, indicating that prediction of a negative node status has
almost an 80% chance of being correct.

Table 7 shows the clinicopathologic features of 21/176 cases
(11.9%) in which the computer program gave false-negative (FN)
predictions using an “absolute” cutoff point of 0%. Among a total
of 282 patients, only the 176 patients with positive nodes were
taken into account for statistical calculation of the computer
program FN prediction rate.

Table 8 reports a comparative evaluation between postopera-
tive histologic lymph node findings and the preoperative computer
predictions for the above-mentioned 21 cases. As reported in the
column headed Program validity (Table 8), in 10/176 patients
(5.7%) the FN prediction was considered to be relative because
the program showed a positive prediction in the other two col-
umns. In 11 cases (6.2%) the program totally failed to predict
lymph node metastases (absolute FN). Among these 11 patients,
6 (6/176, 3.4 per cent) would have undergone inadequate treat-
ment if the extent of lymphadenectomy had been based on the
computer prediction alone. Particularly in these six cases the
program failed to predict lymph node metastases to nodes at the
splenic hilus (station 10, N5) in one case, along the splenic artery
(station 11, Nj) in one case, at the hepatoduodenal ligament
(station 12, Nj3) in three cases, and in the paraaortic nodes (station
16, N,,) in one case.

Discussion

The controversy over the value of extended lymph node dissection
for treatment of gastric cancer patients is fiercely debated. The
available (Cape Town [20], Hong Kong [21], Dutch [5], MRC [22,
23]) prospective randomized trials and the German observational

study [8] do not convince surgeons at work in centers where
extended lymph node dissections can be performed with low
morbidity and mortality. There are several inconsistencies, such as
the tendency to perform intermediate-type dissections and to
retrieve an insufficient number of lymph nodes, contamination
and noncompliance during lymph node dissection, the specific
experience (surgical and postoperative) of each team involved,
and the morbidity and mortality related to splenectomy and distal
pancreatectomy [6, 7, 24, 25]. It has been suggested [24] that the
real value of extended lymph node dissection seems to be more
correctly expressed by less recently published studies assessing
prognostic factors in patients with gastric cancer [1, 8, 11, 26].
The role of extended lymphadenectomy can be also better
understood when considering if survival can be expected after
dissection of involved lymph nodes. A study [27] on this subject
was recently done at the National Cancer Center Hospital, Tokyo.
Among 1281 potentially curative resections for advanced gastric
cancer, the histologic results of each nodal station were evaluated
with special reference to survival, independent of other prognostic
factors. The 5-year survival rates of patients with positive perigas-
tric nodes (first tier, stations 1-6 according to JRSGC [15])
ranged from 18% (station 2) to 43% (station 3); and the survival
of those with positive nodes in the second tier (stations 7-11)
ranged from 11% (station 11) to 31% (station 7). On the assump-
tion that the patient would not have survived if these metastatic
nodes had been left in situ, D, dissection was beneficial for many
patients with advanced gastric cancer. Among the nodes in the
third tier, those in the hepatoduodenal ligament (station 12)
showed relatively high dissection efficiency (5-year survival 24%),
whereas all the patients with positive nodes behind the pancreas
head (station 13) died of disease even after extended dissection.
The question of whether, and to what extent, D, dissection is
capable of inducing a survival benefit for patients with gastric
cancer seems to be less important for general surgical practice
than to determine which nodes should be effectively dissected in
each individual patient, as the incidence and site of positive nodes
and the efficacy of dissection vary considerably depending on the
size and location of the primary tumor. The diagnostic accuracy of
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Table 5. Estimated relation between given critical values (cutoff points)
of the Maruyama program’s expected percentage of LN positivity, and
the corresponding operating points (sensitivity, specificity) of the fitted
ROC curve for each of 16 LN stations.

Maruyama program’s Sensitivity Specificity
LN station® percent cutoff point (%) (%)
1 22 77.4 90.2
18 88.3 75.5
14 93.4 49.3
2 22 79.1 93.7
18 89.2 78.4
14 95.0 47.2
3 22 59.0 95.3
18 74.2 74.4
14 86.4 39.5
10 94.1 26.6
4 22 79.0 95.2
18 89.4 73.6
14 96.6 34.1
5 22 75.1 94.8
18 84.4 73.9
14 95.2 36.2
6 22 79.6 91.1
18 88.1 75.2
14 94.6 38.6
7 22 77.4 93.3
18 86.0 76.9
14 97.1 34.5
8 22 83.8 96.5
18 90.5 72.2
14 98.9 41.1
9 22 71.7 94.5
18 87.6 76.2
14 94.9 40.0
10 22 77.2 90.0
18 81.9 75.9
14 93.4 63.0
11 22 79.6 91.2
18 80.4 76.9
14 94.0 61.2
12 22 74.6 93.3
18 83.8 75.0
14 95.6 59.9
13 22 71.0 91.6
18 79.6 69.9
14 80.5 31.4
14 22 66.4 88.4
18 73.5 65.2
14 80.3 26.0
15 22 68.8 83.4
18 70.3 60.6
14 81.3 36.2
16 22 79.1 96.1
18 88.9 78.6
14 91.0 40.1

The highest performance is highlighted in bold.
“JRSGC [15] numbering system.

preoperative assessment of the N category for gastric cancer is not
excellent, even using endoscopic ultrasonography (EUS) [12]. As
with other imaging methods, EUS can detect only enlarged lymph
nodes in close vicinity to the gastric wall. Nodules that are invaded
but not enlarged cannot be differentiated. With modern video-
laparoscopy and laparoscopic ultrasonography it is possible to
inspect suspicious lymph nodes and to obtain biopsy specimens
from various sites, as well as from the region around the celiac axis
[12]. Feasibility in each individual patient and potential hazards,
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such as free tumor cell implantation into the abdominal wall, limit
the effectiveness of this method for determining which nodes
should be dissected.

For this purpose, it has been reported [14] that the Maruyama
computer program is a valid tool in the general surgeon’s hands. Our
experience with the computer program suggested several consider-
ations. For cautious use of the program it is of paramount impor-
tance to look at the three columns as a whole (Table 3: Depth of
invasion) to obtain the highest degree of accuracy. This need arises
from the uncertainty of preoperative assessment of the depth of
cancer invasion. Lightdale [28] found a concordance of 42% when
comparing CT scanning to surgical pathology. The concordance grew
to 92% with EUS, but up to now the use of EUS is restricted to
centers that already have sufficient experience with this technique. In
the current version of the program, the number of D5/D, lymphad-
enectomies seems to be insufficient to avoid false-negative predic-
tions in N3/N, nodes. This lack could reduce the accuracy and the
usefulness of the program in patients with advanced gastric cancer.
On the other hand, it should be stressed that in our series, using an
“absolute” cutoff point of 0%, there were only six cases (3.4%) in
which the extent of lymph node dissection suggested by the computer
analysis would have been inadequate. Moreover, one of these cases
was lower-third advanced cancer with metastases at the splenic hilus,
which is a truly uncommon finding in both Japanese and European
series. The other absolute false-negative predictions with inadequate
surgical treatment can be avoided by increasing the number of D/D,
lymphadenectomies in the Japanese database. The marked differ-
ence between the number of patients considered in this study or the
German analysis [14] and the number of patients stored in the
historical Japanese database may represent only a theoretic bias
when evaluating the computer program’s accuracy regarding positive
predictions. In contrast, it should be highlighted that the higher
prevalence of metastatic cancers and penetrating tumors in Western
countries’ gastric cancer populations, with respect to the Japanese
gastric cancer population, is likely to increase the positive predictive
value of the Maruyama program in Italian and other Western coun-
tries” surgical settings, as the positive predictive value increases for
higher prevalence values. The difference in staging the depth of the
lesion between the computer system and the classification system
adopted in Western institutions does not influence the performance
of the program, as we considered the computer estimates for three
levels of depth of invasion. The division of pT2 cases into subgroups
used by the computer system, was considered of prognostic interest
by the 1993 TNM Supplement [29] but was not adopted in the latest
TNM version (1997) [30]. On the other hand, the latest version of the
Japanese classification of gastric carcinoma [31] takes into account
the subclassification of pT1 and pT2 cases, which adds controversy to
the differences between Japanese and Western staging systems [32,
33].

All the above-mentioned considerations were not pointed out
in the previous German analysis [14] of the program’s accuracy,
which also clearly accounted for the lower number of observations
compared with our study. It should be taken into consideration
that the use of postoperative findings to obtain the program’s
predictions in our study is in major contrast to the previously
mentioned studies [13, 14] in which the preoperative findings of
the prognostic variables were used. In particular, the present study
showed more exactly in which cases the program could be inac-
curate. The percentage of false-negative predictions detected in
the German analysis [14] (4/154 patients with lymph node metas-
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Table 6. Predictive values of the Maruyama program using a cutoff of >18%, by LN station.

Total no. Prevalence of Accuracy
LN station” of patients metastatic nodes FPR (%) FNR (%) PPV (%) NPV (%) (%)
1 167 104 (62.3%) 23.8 11.7 86.0 80.0 83.8
2 79 50 (63.3%) 20.6 10.0 88.2 82.1 86.1
3 171 107 (62.6%) 25.6 13.0 85.3 77.4 824
4 168 106 (63.0%) 258 10.4 85.6 80.7 83.9
5 155 99 (63.9%) 26.8 15.1 84.8 732 80.6
6 160 102 (63.7%) 241 11.8 86.5 78.6 83.7
7 164 104 (63.8%) 233 13.5 86.5 76.6 82.9
8 141 89 (63.1%) 269 10.1 85.1 80.8 83.7
9 141 86 (61.0%) 23.6 12.8 85.3 79.2 83.0
10 123 78 (63.4%) 244 17.9 85.3 70.8 79.7
11 139 83 (59.7%) 214 19.2 84.8 73.3 79.8
12 102 63 (61.8%) 25.6 15.8 84.1 74.3 80.4
13 27 16 (59.2%) 272 25.0 80.0 66.7 74.1
14 12 7 (58.3%) 40.0 28.5 71.4 60.0 66.7
15 6 4 (66.6%) 50.0 25.0 75.0 50.0 66.7
16 28 17 (60.7%) 272 11.8 83.3 80.0 82.1

FPR: false-positive rate; FNR: false-negative rate; PPV: positive predictive value; NPV: negative predictive value.

“JRSGC [15] numbering system.

Table 7. Clinicopathologic features of 21 cases in which the computer program gave false-negative predictions using an “absolute” cutoff point

of 0%.
Age

Patient Gender (years) M.T. D.I M.D. (mm) Loc. Pos. Hist. Lymph
SC M 46 B3 T2 20 A G POR D2
TG M 65 B2 T3 40 M L POR D3
BF F 65 B3 T2 40 C L POR D2
ME F 70 B3 T2 46 A L POR D2
VE F 78 B3 T2 17 A L POR D2
GS F 62 B3 T3 80 C G SIG D2
GS F 57 2C Tlsm 50 M L MOD D2
SC M 46 2C Tim 25 A A SIG D2
FF M 42 2B Tlm 30 A A SIG D3
RI M 75 2C Tlsm 15 A A POR D2
CM M 61 2B Tlsm 20 C P MOD D2
LA F 60 B2 T2 20 A A SIG D2
BC F 62 B3 T2 30 A A MOD D3
MG M 71 B2 T2 60 A A WEL D2
VA M 69 B3 T3 35 C G MOD D3
CA F 50 B1 T3 70 A L MOD D2
FE M 48 B2 T3 40 C L SIG D3
CI F 70 B3 T3 55 A C PAP D3
BM F 55 B3 T2 40 C L SIG D3
CA M 79 B2 T3 60 C P POR D3
SS F 48 B4 T2 140 C G SIG D3

M.T.: macroscopic type according to the Borrmann’s classification and to the JRSGC [15]; D.I.: depth of invasion according to the JRSGC; (m:
mucosa; sm: submucosa); M.D.: maximum diameter; Loc.: location; (A: lower third; M: middle third; C: upper third); Pos.: position (L: lesser curvature;
G: greater curvature; A: anterior wall; P: posterior wall; C: all the circumference); Hist.: World Health Organization (WHO) histologic type (POR:
poorly differentiated adenocarcinoma; SIG: signet-ring cell carcinoma; MOD: moderately differentiated adenocarcinoma; WEL: well differentiated
adenocarcinoma; PAP: papillary adenocarcinoma); Lymph: lymph node dissection (D2: complete removal of N1 and N2 lymph nodes; D3: complete

removal of N1, N2, and N3 lymph nodes).

tases, 2.6%) was lower than that in our experience (21/176,
11.9%). In the German study the accuracy of lymph node metas-
tases prediction was 96% for stations 13 to 16, 89% for stations 7
to 12, and 82% for stations 1 to 6. In our study, the accuracy of
lymph node metastases prediction was 72.4% for stations 13 to 16,
81.6% for stations 7 to 12, and 83.4% for stations 1 to 6. Thus, we
can only partially confirm the conclusions reported in the German
paper.

In conclusion, the Maruyama computer program predicts with
good accuracy the extent of lymph node metastases from gastric

cancer, but it fails to direct exactly the surgeon to perform a more
extensive lymph node dissection. Rather than being a system for
computed-aided surgery, the present version of the Maruyama
computer program, if properly used, could potentially allow ac-
curate prediction of patients with limited nodal disease.

Résumé

L’étendue idéale de la lymphadénectomie (LA) en cas de cancer
gastrique potentiellement curable reste controversée. Pour
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Table 8. Comparative evaluation between the postoperative histologic lymph nodal findings and computer predictions for 21 patients for whom the
program gave false-negative estimations using an “absolute” cutoff point of 0%.

Actual nodal
metastases

Computer estimation

Patient N1 N2 N3-4 No. N1 N2 N3-4 Program validity Surgical implication
S.C. 5 — — 10 5 (0/10) — — Absolute FN —
6 6 (2/10)
T.G. 3 - — 15 3(10/15) — — Relative FN —
4 4(3/15) 5:51(2/13),s3 (1/9)
5 5(0/14)
B.F. 3 — 16 17 3 (1/17) — 16 (0/1) Absolute FN Inadequate treatment
4 4 (0/17)
M.E. 3 — 11 27 3(8/27) — 11 (0/12) Absolute FN Inadequate treatment
V.E. 4 — 12 11 4 (0/11) — 12 (0/8) Absolute FN Inadequate treatment
6 6 (2/11)
G.S. 1 5 16 73 1(38/70) 5 (0/65) 16 (6/24) Relative FN —
2 2(21/70) 5:53 (4/47)
4 4(19/71)
G.S. 3 — — 38 3 (4/38) — — Absolute FN —
5 5(0/37)
S.C. 3 1 — 25 3(1/25) 1 (0/25) — Absolute FN —
6 7 6 (0/25) 7 (0/25)
F.F. 6 7 — 23 6 (0/23) 7 (0/23) — Absolute FN —
R.IL 6 — — 13 6 (0/13) — — Relative FN —
6: pm (4/12)
C.M. 1 — — 14 1(0/14) — — Absolute FN —
LA. 3 8 — 15 3(3/15) 8 (1/12) — Relative FN —
4 4 (0/15) 4:sm (2/18), s1 (4/12)
6 6 (4/15)
B.C. 4 7 15 17 4 (8/17) 7 (0/17) 15 (1/2) Relative FN —
6 6 (5/17) 7:sm (1/24), s1 (11/38)
M.G. 3 7 — 11 3 (3/11) 7 (1/11) — Relative FN —
4 4 (0/11) 4: sm (6/39), s1 (14/33)
6 6 (5/11)
V.A. 1 6 12 55 1 (26/54) 6 (3/47) 12 (0/14) Absolute FN Inadequate treatment
2 7 16 2 (11/51) 7 (19/51) 16 (1/14)
3 8 3(29/54) 8 (7/47)
4 9 4(9/54) 9 (11/49)
11 11 (9/45)
C.A. 3 — 10 27 3(13/27) — 10 (0/3) Absolute FN Inadequate treatment
F.E. 3 7 16 19 3(9/19) 7 (4/18) 16 (0/2) Relative FN —
9 9(2/15) 16: s1 (1/3), 83 (2/3)
11 11(2/13)
C.L — 8 13 24 — 8 (12/20) 13 (0/5) Relative FN —
13:s1 (1/7)
B.M. 3 7 — 17 3(1/17) 7 (0/16) — Relative FN —
7: sm (3/27), s1 (3/10)
C.A. 1 7 12 44 1(20/44) 7 (11/41) 12 (0/11) Absolute FN Inadequate treatment
3 10 13 3(23/44) 10 (2/34) 13 (0/5)
4 11 15 4 (6/43) 11 (4/33) 15 (1/2)
S.S. 3 — 3 3(172) — — Relative FN —
4 4 (0/2) 4:51 (3/4)

In the “Actual nodal metastases” section, the involved stations for each N group, identified by numbers (1-16), are reported. In the “Computer
estimation” section, the analysis output for the same stations is reported together with the number of similar cases stored in the database program. The
false-negative predicted stations are highlighted in boldface. The ratio between detected metastatic cases and dissected cases is reported in parentheses.

FN: false negative; s1: suspected serosal invasion; s3: invasion to contiguous structures; pm: muscularis propria.

réaliser une LA “rationnelle”, il importe de connaitre I'incidence
des métastases a chaque station. A cette fin, on a développé un
registre informatique comprenant 'information concernant 4302
cas de cancer de I'estomac primitif traités a I’'HOpital National
Cancer Center a Tokyo entre 1969 et 1989. Pour évaluer la
précision d’un tel programme informatique, on a examiné la
différence entre le rapport individuel généré par ordinateur et les
données stockées chez 282 patients italiens ayant eu une
gastrectomie pour cancer gastrique a visée curative avec une

lymphadénectomie D2 ou plus. Par I’étude des caractéristiques
receveur/opérateur (ROC), on a analysé la sensibilité et la
spécificité du programme pour détecter les métastases
lymphatiques dans chacun des 16 sites lymphatiques régionaux.
Le programme informatique a montré une bonne valeur
prédictive pour les métastases dans la plupart des 16 sites
ganglionnaires, car 'aire sous la courbe allait de 0.741 (site 15) a
0.944 (site 8), avec une moyenne de 0.856. Le point critique du
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programme pour optimiser la validité de la prédiction était de
18%. En utilisant une valeur limite “absolue” de 0%, le taux
global de faux négatives (FN) chez 176 patients N+ a été de
11.9%; parmi ceux-la, onze (6,2%) étaient des FN absolus, dans
lequel le programme a complétement échoué dans I’estimation
des métastases ganglionnaires; les dix cas restants (5.7%) étaient
des FN rélatifs, car la prédiction spécifique était positive pour
chaque profondeur différente d’invasion gastrique. Un nombre
restreint de lymphadénectomies D;-D, dans la banque de
données historiques pourrait étre a la base de I'estimation basse
de métastases aux ganglions N5-N, générée par ce programme.
Basée sur ces données, on voit que ce programme prédit avec une
bonne précision I’étendue des métastases lymphatiques du cancer
gastrique mais qu’il ne peut étre utilisé pour diriger le chirurgien
vers une meilleure lymphadénectomie.

Resumen

Todavia existe controversia sobre cudl es la diseccion ganglionar
(DG) 6ptima en el tratamiento del cincer gastrico potencialmente
curable. Para realizar una DG razonable es muy importante conocer
la incidencia de metdstasis en cada grupo o estacion ganglionar. Con
tal propdsito, se desarrollé un programa de computador con base en
4.302 casos de cancer gastrico primario tratados en el National
Cancer Center Hospital de Tokio entre los afos 1969 y 1989. Para
determinar su grado de precision, se investigd la diferencia entre el
informe individual generado por el computador y los datos
almacenados en 282 pacientes italianos sometidos a gastrectomia
curativa y DG D, o mds amplia. Se utiliz6 el método de
Caracteristicas de Operacion del Receptor en el andlisis estadistico
para determinar la sensibilidad y especificidad del programa en la
prediccion de metéstasis en la DG en cada uno de los 16 grupos
ganglionares. El programa demostré buena capacidad de prediccion
de metdstasis para cada uno de los 16 grupos ganglionares, puesto
que las areas por debajo de la curva oscilaron entre 0.741 (grupo 15)
y 0.944 (Grupo 8), con promedio de 0.856. Un punto de corte critico
de 18% del porcentaje esperado del programa resulté ser el valor de
prediccion de validez méxima. Utilizando un punto de corte
“absoluto” de 0%, la tasa global de negativos falsos (NF) en 176
pacientes N+ fue 11.9%; de éstos, 11 (6.2%) fueron NF absolutos,
en los cuales el programa fall6 totalmente en la estimacion de
metéstasis en la DG; los restantes 10 casos (5.7%) fueron NF
relativos, porque la prediccion especifica fue positiva para una
diferente profundidad de invasiéon del estomago. El reducido
numero de linfadenectomias D5-D, en la base de datos puede
condicionar la baja prediccion de metéstasis en los ganglios N5-N,
generada por el programa. Con base en estos datos, el programa
predice con buen grado de certeza las metéstasis ganglionares en el
cancer gastrico, pero no se lo recomienda para dirigir al cirujano en
cuanto a la realizacién de la linfadenectomia més adecuada.
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