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Abstract The purpose of this study was to determine
outcome of the ratio of metastatic lymph nodes to the total
number of dissected lymph nodes (MLR) in patients with
gastric cancer. We retrospectively analyzed 111 patients
who underwent D, lymph node dissection. The prognostic
factors including UICC/AJCC TNM classification and
MLR were evaluated by univariate and multivariate anal-
ysis. The MLR was significantly higher in patients with a
larger tumor, lymphatic vessel invasion, blood vessel
invasion and perineural invasion, and advanced stage.
Moreover, the MLR was significantly associated with the
depth of invasion and the number of lymph node metas-
tasis. The univariate analysis revealed for overall survival
(OS) that stage of disease, lymphatic vessel invasion, blood
vessel invasion, perineural invasion, lymph node metastasis
(UICC/AJCC pN stage) and MLR were relevant prognostic
indicators. Furthermore, both UICC/AJCC pN stage and
MLR were detected as prognostic factor by multivariate
analysis, as was perineural invasion. Our results indicated
that MLR and UICC/AJCC pN staging system were
important prognostic factors for OS of patients with D,
lymph node dissection in gastric cancer in a multivariate
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analysis. MLR may be useful for evaluating the status of
lymph node metastasis in gastric cancer.
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Introduction

Lymph node metastasis is an important prognostic factor in
gastric cancer, but the classification of lymph node status
(N categories) is still controversial. In addition, lymph
node dissection is a promising treatment for gastric cancer
[1-6]. In Japan, the extend of lymph node metastasis is
classified by anatomical sites of metastatic lymph nodes
according to the the Japanese Classification of Gastric
Carcinoma (JCGC) which was proposed by Japanese
Research Society of Gastric Cancer (JRSGC) [7]. In 1997
and 2002, the International Union Aganist Cancer (UICC)
and the American Joint Committee on Cancer (AJCC), in
the 5th edition of the tumor, node, metastasis (TNM) sys-
tem redefined N categories that was based on the number of
metastatic lymph nodes [8, 9].

The prognostic value of UICC/AJCC pN classification
has been evaluated, and it has been accepted that UICC/
AJCC pN is simple and reproducible method for accurate
staging [9, 10]. However, some of the problems of the
UICC/AJCC pN classification has been mentioned, such as
‘stage migration’ phenomenon. UICC/AJCC pN classifi-
cation needs the examination of at least 15 lymph nodes
and extended lymph node dissection can cause a ‘stage
migration’ due to the increase in the number of metastatic
lymph nodes [11-14].

Several previous trials have demonstrated that a new
prognostic indicator of the ratio of metastatic lymph nodes
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to the total number of dissected lymph nodes (MLR) was
proposed for patients with gastric cancer who undergo
curative resection [2-5, 11, 12, 14-17]. The superiority of
MLR classification to location-based or number-based N
classifications has been reported by some investigators, and
they also showed that it is an independent prognostic
indicator for gastric cancer [12, 15-23]. In this study, we
aimed to determine the prognostic importance of MLR and
compared MLR with UICC/AJCC TNM classifications in
patients who underwent D, lymph node dissection for
gastric cancer. In addition, the relation between the other
clinicopathological factors and survival was also evaluated.

Patients and methods

Totally, 111 gastric carcinoma patients who had undergone
curative gastrectomy and D, lymph node dissection at Dr.
Lutfi Kirdar Kartal Education and Research Hospital,
between April 2002 and December 2008, were retrospec-
tively analyzed. The -clinicopathologic findings were
determined according to the JCGC. All patients undergone
either distal partial gastrectomy, proximal partial gastrec-
tomy or total gastrectomy with regional lymph nodes dis-
section to D, with curative intent. Lymph node
involvement was classified according to the 1997 UICC/
AJCC TNM classification (pNy, no metastasis; pN;, 1-6
metastatic lymph nodes; pN,, 7-15 metastatic lymph
nodes; pN3, >15 metastatic lymph nodes).

Clinical information about age, gender, resection type,
tumor location, histopathology, tumor stage, tumor size,
histological grade, lymph node involvement, the depth of
tumor invasion, lymphatic vessel invasion, blood vessel
invasion, perineural invasion (PNI) and resection margins,
macroscopic finding, histological type, adjuvant chemo-
therapy and radiation therapy type, responses to treatment
and survival were obtained from patients charts. Paraffin
sections of surgical specimens from all patients were
stained with hematoxylin and eosin. After histopatholo-
gical evaluation, PNI was assessed as positive if cancer
cells infiltrated into the perineurium or neural fasciculus.
All specimens were evaluated by an expert pathologist in
the matter of gastric cancer.

The eligibility criteria included histologically confirmed
Ry gastric resection, which was defined as no macroscopic
or microscopic residual tumor and postoperative survival
time >3 months and having D, lymph node dissection in
which n, lymph node groups according to the Japanese
rules were dissected separately and having at least 25
lymph nodes on pathology reports. The patients with dis-
tant metastasis at diagnosis were excluded from the study.
The peritoneal cytology had not performed perioperatively
in this study population. MLR was determined by the best
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cutoff approach in terms of the long-rank test. MLR 0, 0%;
MLR 1, 1-9%; MLR 2, 10-25% and MLR 3, >25%.

Statistical analysis

Statistical analyses were performed using SPSS 13.0 (SPSS
Inc., Chicago, IL, USA) software. The significance of the
differences among the means were determined by the
Mann—-Whitney U-test and Kruskal-Wallis test. Survival
analysis and curves were established according to the
Kaplan—Meier method and compared by the long-rank test.
Disease-free survival (DFS) was defined as the time from
curative surgery to disease progression or recurrence or to
the date of death or last known contact. In addition, overall
survival (OS) was described as the time from diagnosis to
the date of the patient’s death or last known contact.
Univariate and multivariate analysis of prognostic factors
related to survival were performed by the Cox proportional
hazards model. Multivariate P values were used to char-
acterize the independence of these factors. The 95% con-
fidence interval (CI) was used to quantify the relationship
between survival time and each independent factor. All P
values were two-sided in tests, and P values less than or
equal to 0.05 were considered to be statistically significant.

Results

One hundred and eleven patients with radically resected
gastric cancer and underwent D, lymph node dissection for
gastric cancer were retrospectively analyzed. Thirty-four
patients (30.6%) were women and 77 (69.4%) were men
with the median age 58 years (range; 31-79 years). Sixty-
two patients were equal or younger than 60 years (55.9%).
The median number of dissected and metastatic lymph
nodes were 27 (range, 25-67) and 9 (range, 0-62),
respectively. Sixteen (14.4%) patients were classified as
pNo, 31 (27.9%) as pNy, 28 (25.2%) as pN, and 36 (32.4%)
as pNj according to the number of lymph node metastasis.
The majority of patients were T3 (58 patients, 52.3%).
Eighty-two percent of patients had PNI, while blood vessel
invasion and lymphatic vessel invasion were detected in
77.5 and 82.9% of them, respectively. The correlation
between the MLR and the clinicopathological findings are
summarized in Table 1. MLR was significantly greater in
patients with a large tumor, tumors with lymphatic vessel
invasion, blood vessel invasion, and PNI and advanced
stage. Moreover, MLR was significantly correlated with
depth of invasion and the number of lymph node
metastasis.

At the median follow-up of 19.3 months (range; 7.7—
85), 1-year DFS and OS rates were 72.8 and 76.4% for all
patients, respectively. The median DFS interval was
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Table 1 The correlation between the MLR and clinicopathological
characteristics

Variables MLR (mean + SD) P value
Age 0.10
<60 (n = 62) 0.43 £ 0.33
>60 (n = 49) 0.32 £ 0.30
Gender 0.16
Male (n = 77) 0.36 £ 0.31
Female (n = 34) 0.43 £ 0.32
Tumor differentiation 0.054
Well differentiated (n = 8) 0.19 + 0.15
Moderately differentiated (n = 52) 0.32 £ 0.29
Poorly differentiated (n = 51) 0.46 £+ 0.35
Tumor size 0.004
<3 cm (n=19) 0.17 £ 0.26
<6 cm (n = 39) 0.44 £ 0.30
>6 cm (n = 53) 0.41 £ 0.33
Depth of invasion <0.0001
Tl (n=5) 0.06 £ 0.10
T2 (n = 40) 0.23 £ 0.25
T3 (n = 58) 0.47 £ 0.31
T4 (n = 8) 0.64 £ 0.32
Stage <0.0001
I(n=13) 0.02 £ 0.06
II (n=19) 0.06 £ 0.06
III (n = 39) 0.35 £ 0.21
IV (n = 40) 0.68 £ 0.25
Number of lymph node metastasis <0.0001
No (n = 16) 0
N1 (n = 31) 0.12 £ 0.07
N2 (n = 28) 0.39 £ 0.14
N3 (n = 36) 0.76 £ 0.17
Lymphatic vessel invasion <0.0001
Absence (n = 19) 0.02 + 0.05
Presence (n = 92) 0.45 + 0.30
Blood vessel invasion <0.0001
Absence (n = 25) 0.12 £ 0.22
Presence (n = 86) 0.45 + 0.31
Perineural invasion <0.0001
Absence (n = 20) 0.15 £ 0.26
Presence (n = 91) 0.43 + 0.31

MLR the ratio of metastatic lymph nodes to the total number of dis-
sected lymph nodes and SD standard deviation

22.2 months [standard error (SE):6, 95% CI; 10.3-34] and
the median OS time was 25 months (SE:4.5, 95% CI; 20—
29.9) (Figs. 1, 2). Based on the MLR classification, 16
patients (14.4%) were classified as MLR 0, 15 (13.5%) as
MLR 1, 20 (18%) as MLR 2 and 60 cases (54.1%) as MLR
3. One-year OS rate was not applicable in MLR 0 and 1
groups. However, 1-year OS rate was 78.8 in MLR 2 and
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Fig. 1 Disease-free survival in all gastric carcinoma patients who
had undergone D2 lymph node dissection
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Fig. 2 Overall survival in all gastric carcinoma patients who had
undergone D2 lymph node dissection

53.3 in MLR 3. This difference was significant (P = 0.036,
Fig. 3).

The univariate analysis for OS indicated that stage of
disease, lymphatic vessel invasion, blood vessel invasion,
PNI, lymph node metastasis (pN category of UICC/AJCC
classification) and MLR were important prognostic indi-
cators. The correlation between tumor size and OS was not
detected (P = 0.29). The results of univariate analysis are
shown in Table 2. However, when the univariate analysis
was performed for DFS, we found that tumor size, lym-
phatic vessel invasion, blood vessel invasion, PNI, T stage,
stage of disease, UICC/AJCC pN stage and MLR were
important prognostic factors (Table 3).
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Fig. 3 Overall survival curves according to the metastatic lymph
node ratio

The multivariate analysis with Cox proportional hazards
model was performed in order to further evaluate the
prognostic significance of MLR and UICC/AJCC pN stage,
because MLR and lymph node metastasis are closely
associated with OS of patients with radically resected
gastric cancer in a univariate analysis. Multivariate analy-
sis indicated that UICC/AJCC pN stage and MLR were
independent prognostic factors (y*: 4.23, P = 0.023, HR:
6.45; 95% CI:1.54-31.3 and y*: 8.9, P = 0.03, HR: 0.33;
95% CI: 0.16-0.69, respectively), as was PNI. Table 4
shows the results of multivariate analysis according to OS.
Furthermore, a multivariate analysis was carried out for
DFS, and we detected that only UICC/AJCC pN stage was
an independent prognostic indicator (y*: 4.32, P = 0.03,
HR: 3.66; 95% CI:1.07-12.4, Table 5).

In our study, 86.5% of patients were treated with adjuvant
chemoradiotherapy (CRT) (5-fluorouracil 425 mg/m2 per
day, plus leucovorin 20 mg/m? per day, for five days, fol-
lowed by 4,500 cGy of radiation at 180 cGy per day, given
five days per week for five weeks, with modified doses of
fluorouracil and leucovorin on the first four and the last three
days of radiotherapy), while 15 patients (13.5%) were not
received adjuvant CRT, because of early stage disease in 13
patients and patient’s refusal in two patients. One-year OS
rate was 78.8% in patients who received adjuvant CRT and
60.2% in patients who were not administered CRT. This
difference was not significant (P = 0.54).

Discussion

This study showed that both MLR and UICC/AJCC pN
stage is an independent prognostic factor for OS of patients
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who had undergone D, lymph node dissection in gastric
cancer by multivariate analysis. In addition, only UICC/
AJCC pN stage was found to be prognostic indicator for
DFS by multivariate analysis. However, the superiority of
MLR to lymph node metastasis could not be indicated in
our study.

Two main staging systems for gastric cancer includes
the UICC and JCGC. The most important difference
between these staging systems is the method of evaluating
the status of lymph node metastasis, which influences
survival in resectable gastric cancer. Accurate and uniform
disease staging is essential to predict prognosis and to
determine treatment modality in gastric cancer. In the
JCGC system, the regional lymph nodes are classified into
three groups (n;—n;) based on the location of positive
lymph nodes in relation to the primary tumor, whereas
UICC system are based on the number of metastatic lymph
nodes alone [7, 8]. Although it remains unreliable as to
which is the most important, the location or number of
metastatic lymph nodes, some studies showed that the
number of metastatic lymph nodes, but not their level, is an
independent prognostic indicator [24, 25].

Previous reports have emphasized the superiority of the
UICC/AJCC TNM staging system, because of its simplic-
ity, reliability and stratification [5, 26]. On the other hand,
in this staging system, the number of resected lymph nodes
are very important, because, stage migration occurs in
5-15% of cases [11]. To resolve these limitations, recently,
MLR as a new prognostic factor has been proposed by
several authors [11, 12, 15, 23]. MLR indicates the number
of metastatic lymph nodes and extend of lymph node dis-
section. Moreover, it has proved to be good alternative to
prevent the ‘stage migration’ phenomenon, and it is also
usable in patients with <15 lymph nodes dissected or D,
lymphadenectomy or non-curative resection [11-18]. Sun
et al. in their recent study, indicated that MLR had more
potential advantages in minimizing stage migration phe-
nomenon for patients with insufficient number or level of
lymph nodes retrieved [27].

However, a recent study performed by Yamashita et al.
[28] indicated that the JCGC system was superior to the
UICC system for the prognostic stratification of stage IIIA,
IIIB and IV gastric cancer. The authors used the JCGC
system for prognostic validation with respect to depth of
invasion in cancers of the same stage, and they found that
there was an outstanding difference between the muscularis
propria and subserosa. Thereafter, they concluded that the
invasion into the muscularis propria had an earlier pro-
pensity than expected, and the JCGC system might provide
a better stratification of prognosis than the UICC system.

In our study, we compared UICC/AJCC staging system
with MLR. The means of MLR were significantly greater
in patient with gastric tumor with greater size, with
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Table 2 Overall survival (OS)

univariate analysis according fo Factor No. of patients 1-year OS rate (%) 95% CI P value
clinicopathological factors All 111 76.4 20-29.9
Gender 0.68
Male 77 (69.4) 97 16.2-30.8
Female 34 (30.6) 90.1 22.5-27.6
Age (year) 0.83
<60 62 (55.9) 74 22.8-22.1
>60 49 (44.1) 77.1 12.5-28.2
Tumor site 0.19
Upper 25 (22.5) 76.5 17.4-31.6
Middle 34 (30.6) 76.7 12.5-39
Lower 47 (42.3) 73.9 18.3-1.8
Diffuse 54.5) NA -
Tumor size (cm) 0.29
<3 19 (17.1) 52.6 7.1-31.5
<6 39 (35.1) 82.6 22.7-8.8
>6 53 (47.7) 72.3 15.3-32.1
Surgery type 0.79
Proximal 25 (22.5) 76.5 17.4-1.6
Distal 43 (38.7) 74.3 16.6-3.4
Total 43 (38.7) 72.7 7.0-0.1
Tumor differentiation 0.52
Well differentiated 8 (7.2) NA -
Moderately differentiated 52 (46.8) 75.8 18.3-0.8
Poorly differentiated 51 (45.9) 76.9 15.5-1.5
Macroscopic finding 0.30
Type 1 4 3.7 NA -
Type 11 8(7.2) 71.8 11.3-7.2
Type 11T 35 (31.5) 69.0 13.6-3.4
Type IV 64 (57.6) 73.2 19.4-0.5
Histological type 0.45
Intestinal 46 (41.5) 72.6 18.1-2.3
Diffuse 65 (58.5) 71.9 17.2-9.7
Lymphatic vessel invasion 0.033
Absence 19 (17.1) 85.7 22.9-2.5
Presence 92 (82.9) 65.1 6.4-20.5
Blood vessel invasion 0.006
Absence 25 (22.5) 92.9 22.8-7.3
Presence 86 (77.5) 62.0 7.5-274
Perineural invasion 0.03
Absence 20 (18) 76.9 20.1-9.8
Presence 91 (82) 62.3 7.6-20.1
T stage 0.17
T1 5 (4.5) NA -
T2 40 (36) 79.0 17.3-9.1
T3 58 (52.3) 66.2 15.74.1
T4 8(7.2) NA -
Stage 0.01
1 13 (11.7) NA -
I 19 (17.1) 78.9 15.9-8.4
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Table 2 Overall survival (OS)

. . . Factor No. of patients 1-year OS rate (%) 95% CI P value
univariate analysis according to
clinicopathological factors I 39 (35.1) 82.9 20.7-32
v 40 (36) 61.1 7.5-20.9
Number of lymph node metastasis <0.001
NO 16 (14.4) 83.3 7.6-42.5
NI 31 (27.9) 90.0 24.0-5.9
N2 28 (25.2) 69.6 11.5-9.0
N3 36 (32.4) 36.1 6.8-11.7
Metastatic/resected nodes 0.036
CI confidence interval, NA not MLR 0 16 (14.4) NA B
applicable and MLR the ratio of MLR 1 15 (13.5) NA -
metastatic lymph nodes to the MLR 2 20 (18) 78.8 18.2-2.1
total number of dissected lymph MLR 3 60 (54.1) 53.3 8.6-21.5

nodes

lymphatic vessel invasion, vascular vessel invasion, PNI
and advanced stage. Furthermore, MLR was significantly
correlated with depth of invasion and the number of lymph
node metastasis. Our results were compatible with the lit-
erature [23].

Univariate analysis for OS indicated that stage of dis-
ease, lymphatic vessel invasion, blood vessel invasion,
PNI, lymph node metastasis and MLR were statistically
significant prognostic factors. Moreover, MLR, lymph
node metastasis and PNI were the most significant prog-
nostic factors by using multivariate analysis. On the other
hand, while tumor size, lymphatic vessel invasion, blood
vessel invasion, PNI, T stage, stage of disease, UICC/
AJCC pN stage and MLR were found to be important
prognostic indicators for DFS in a univariate analysis, the
multivariate analysis indicated that only UICC/AJCC pN
stage was independent prognostic factor for DFS. Although
several authors have shown the superiority of MLR com-
pared with UICC/AJCC pN staging system in the literature
[22, 23], we did not find that MLR was superior to UICC/
AJCC pN stage. In addition, it may be considered superior
toUICC/AJCC pN staging, because of its simplicity,
especially in patients with D, lymph node dissection.

Bando et al. reported that there was a statistically sig-
nificant difference between the survivals of patients with
MLR groups [12]. Similarly, Siewert et al. evaluated the
10-year results of 1,654 patients and identified MLR (<20
vs. >20%) and the residual tumor status (R classification)
as the major independent prognostic factors in patients with
resected gastric cancer [29]. In their analysis, Kodera et al.
analyzed 656 gastric cancer patients who had D, lym-
phadenectomy, and they reported that there were signifi-
cant prognostic differences among MLR groups [15]. In the
study carried out by Inoue et al., MLR was selected as the
most significant prognostic factor in 474 patients who
underwent an Ry resection and D, lymph node dissection
for gastric cancer [14].
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In our study, we found significant differences in OS for
both MLR groups of 0, 1-9, 10-25 and >25% (P = 0.036),
and UICC/AJCC pN stage groups (P < 0.001) by univar-
iate analysis. Furthermore, in a multivariate analysis, both
lymph node metastasis and MLR were detected to be
independent prognostic factor, as was PNI. Saito et al.
studied 777 gastric cancer patients who had undergone
curative gastrectomy. They reported that the MLR, but not
the number of lymph node metastases, was an independent
prognostic factor. Authors concluded that the MLR was
useful for evaluating the status of lymph node metastasis in
gastric cancer [23]. On the other hand, in their study, Celen
et al. showed that macroscopic findings, pN category of
UICC/AJCC classification and MLR were the most sig-
nificant prognostic factors, and a higher hazard ratio was
obtained for MLR than UICC/AJCC pN staging [22]. Our
findings are not compatible with Saito et al.’s results, while
they are correlated with Celen et al.’s findings.

The UICC advised that when less than 15 nodes
examined, UICC/AJCC pN stage cannot be applied accu-
rately [11, 12, 14]. Because the number of lymph node
metastases is sometimes affected by the number of lymph
nodes dissected, in cases who underwent D; lymphade-
nectomy, the stage migration might occur. In our study, we
included the patients with D, lymph node dissection in
order to maintain the homogeneity.

PNI is a process by which cancer cells invade the
perineurium or neural fascicles and wrap around nerves.
However, PNI is reported to be a common route of spread
in carcinomas of the pancreas and biliary tract but is rel-
atively rare in rectal carcinoma. It is a crucial route for the
local spread of tumor associated with poor prognosis.
There were only a few studies which had investigated on
the presence and prognostic significance of PNI in gastric
cancer and had not reached a consensus [30, 31]. Duraker
et al. [31] found that PNI was positive in 59.6% of patients,
and the incidence of PNI increased with the progression of
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(T];lll:)é(; ingfr?z::;ejysslngal Factor No. of patients (%) 1-year DFS rate (%) 95% CI P value
according to clinicopathological All 111 72.8 10.3-34
factors
Gender 0.59
Male 77 (69.4) 73.9 8.4-30.8
Female 34 (30.6) 70 12.7-31.6
Age (year) 0.91
<60 62 (55.9) 71.3 7.9-40
>60 49 (44.1) 74.7 16.8-27.5
Tumor site 0.29
Upper 25 (22.5) 74.8 24.4-37.7
Middle 34 (30.6) 62.3 10.1-19.9
Lower 47 (42.3) 75.5 6.9-38
Diffuse 54.5) NA -
Tumor size 0.026
<3 cm 19 (17.1) 84.2 29-37.5
<6 cm 39 (35.1) 69.2 7.1-30
>6 cm 53 (47.7) 72 13.9-27.6
Surgery type 0.14
Proximal 25 (22.5) 74.8 14.4-33.7
Distal 43 (38.7) 81.3 23.1-36.1
Total 43 (38.7) 63 9.1 -23.5
Tumor differentiation 0.63
Well differentiated 8(7.2) NA -
Moderately differentiated 52 (46.8) 65 4.1-40.1
Poorly differentiated 51 (45.9) 76.5 12.6-31.7
Macroscopic finding 0.23
Type I 4 3.7 NA -
Type I 8(7.2) 75.5 10.7-37.2
Type 11T 35 (31.5) 72.9 12.8-47.1
Type IV 64 (57.6) 73.6 14.4-33.1
Histological type 0.70
Intestinal 46 (41.5) 79.5 13.3-23.8
Diffuse 65 (58.5) 70 9.4-19.4
Lymphatic vessel invasion 0.04
Absence 19 (17.1) 90.9 29.7-32.5
Presence 92 (82.9) 68.9 12.6-24.5
Blood vessel invasion 0.006
Absence 25 (22.5) 89.6 9.8-47.9
Presence 86 (77.5) 67.8 6.5-23
Perineural invasion 0.028
Absence 20 (18) 89.4 16.1-39.3
Presence 91 (82) 69.1 9.9-22.9
T stage 0.03
T1 5 (4.5) NA -
T2 40 (36) 82.5 18.8-40.3
T3 58 (52.3) 68 9.7-6.1
T4 8(7.2) NA -
Stage <0.001
1 13 (11.7) NA -
I 19 (17.1) 94.7 29.3-58.7
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Table 3 Disease-free survival
(DFS) univariate analysis
according to clinicopathological
factors

CI confidence interval, NA not
applicable and MLR the ratio of
metastatic lymph nodes to the
total number of dissected lymph
nodes

Table 4 Multivariate analysis
of various clinicopathological
factors in patients with radically
resected gastric cancer
according to overall survival

HR hazards ratio, CI confidence
interval and MLR the ratio of
metastatic lymph nodes to the
total number of dissected lymph
nodes

Table 5 Multivariate analysis
of various clinicopathological
factors in patients with radically
resected gastric cancer
according to disease-free
survival

HR hazards ratio, CI confidence
interval and MLR the ratio of
metastatic lymph nodes to the
total number of dissected lymph
nodes
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Factor No. of patients (%) 1-year DFS rate (%) 95% CI P value

il 39 (35.1) 79.4 15449

v 40 (36) 50 7-16.8
Number of lymph node metastasis <0.001

NO 16 (14.4) 88.9 10.2-30.5

NI 31 (27.9) 90.0 23.7-35.2

N2 28 (25.2) 81.6 12.5-30

N3 36 (32.4) 43.1 4.5-11.1
Metastatic/resected nodes <0.001

MLR 0 16 (14.4) 88.9 23.2-51.7

MLR 1 15 (13.5) NA -

MLR 2 20 (18) 85 8.2-47.7

MLR 3 60 (54.1) 57.3 11.7-17.7
Factors Wald P HR 95% CI
Gender 0.45 0.50 1.29 0.60-2.77
Age (<60 vs. >60) 0.31 0.57 0.83 0.45-1.55
Tumor location 1.49 0.22 1.29 0.85-1.96
Tumor size 2.21 0.33 1.25 0.54-2.59
Depth of invasion 0.70 0.40 1.72 0.48-6.10
Macroscopic finding 2.18 0.13 1.62 0.85-3.08
Histological type 0.05 0.81 1.07 0.57-2.01
Lymphatic vessel invasion 1.86 0.17 0.34 0.07-1.59
Blood vessel invasion 2.55 0.11 2.65 0.80-8.7
Perineural invasion 10.6 0.016 2.61 1.19-5.74
Tumor differentiation 5.65 0.55 1.20 0.65-2.19
Number of lymph node metastasis 4.23 0.023 6.45 1.54-31.3

(UICC/AJCC pN stage)
MLR 8.9 0.03 0.33 0.16-0.69
Factors Wald P HR 95% CI
Gender 1.07 0.30 0.66 0.31-1.43
Age (<60 vs. >60) 0.16 0.68 0.86 0.43-1.71
Tumor location 0.24 0.62 1.12 0.69-1.81
Tumor size 0.99 0.31 1.34 0.75-2.38
Depth of invasion 1.38 0.24 1.57 0.73-3.36
Macroscopic finding 0.88 0.34 1.37 0.70-2.67
Histological type 0.05 0.81 0.91 0.45-1.86
Lymphatic vessel invasion 0.73 0.39 3.25 0.21-6.79
Blood vessel invasion 0.59 0.44 0.46 0.06-3.25
Perineural invasion 1.05 0.30 0.53 0.16-1.76
Tumor differentiation 0.04 0.95 0.98 0.51-1.85
Number of lymph node metastasis 4.32 0.03 3.66 1.07-12.4

(UICC/AJCC pN stage)
MLR 0.29 0.59 0.76 0.28-2.05
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gastric cancer, but it did not provide any additional infor-
mation to the classical prognostic parameters. In a recent
study performed by Tianhang et al. [32], they found that
PNI was positive in 518 of the 1,632 patients (31.7%) with
gastric cancer. Their results indicated that the incidence of
PNI was high in gastric cancer, and that it corresponded to
the progression of disease. In our study, we detected PNI in
91 of the 111 patients (82%). The rate of PNI was very
high relative to the literature in this study. Also, OS was
very poor, and the reason for this dismal result may be
related to our high rate of PNI. Moreover, we did not obtain
significant difference for OS according to adjuvant CRT.
The reason for this difference according to the literature
may be related to small sample size of our study.

In conclusion, our study indicated that MLR and UICC/
AJCC pN staging system were important prognostic indi-
cators for OS for patients with D, lymph node dissection in
gastric cancer by both univariate and multivariate anaysis.
In addition, the multivariate analysis indicated that peri-
neural invasion was also independent prognostic factor.
MLR may be useful for evaluating the status of lymph node
metastasis in gastric cancer.

References

1. Kunisaki C, Makino H, Akiyama H, Otsuka Y, Ono HA, Kosaka
T, et al. Clinical significance of the metastatic lymph-node ratio
in early gastric cancer. J Gastrointest Surg. 2008;12:542-9.

2. Kwon SJ, Kim GS. Prognostic significance of lymph node
metastasis in advanced carcinoma of the stomach. Br J Surg.
1996;83:1600-3.

3. Kim JP, Lee JH, Kim SJ, Yu HJ, Yang HK. Clinicopathologic
characteristics and prognostic factors in 10,783 patients with
gastric cancer. Gastric Cancer. 1998;1:125-33.

4. Yu W, Choi GS, Whang I, Suh IS. Comparison of five systems
for staging lymph node metastasis in gastric cancer. Br J Surg.
1997;84:1305-9.

5. Fujii K, Isozaki H, Okajima K, Nomura E, Niki M, Sako S, et al.
Clinical evaluation of lymph node metastasis in gastric cancer
defined by the fifth edition of the TNM classification in com-
parison with the Japanese system. Br J Surg. 1999;86:685-9.

6. Saito H, Fukumoto Y, Osaki T, Fukuda K, Tatebe S, Tsujitani S,
et al. Prognostic significance of level and number of lymph node
metastases in patients with gastric cancer. Ann Surg Oncol.
2007;14:1688-93.

7. Japanese Gastric Cancer Association. Japanese classification of
gastric cancer. 2nd English ed. Gastric Cancer 1998;1: 10-24.

8. Sobin LH. Wittekind CH: TNM classification of malignant
tumors. 5th ed. New York: Wiley; 1997.

9. Katai H, Yoshimura K, Maruyama K, Sasako M, Sano T. Eval-
uation of the new international union against cancer TNM staging
for gastric carcinoma. Cancer. 2000;88:1796-800.

10. Karpeh MS, Leon L, Klimstra D, Brennan MF. Lymph node
staging in gastric cancer: is location more important than Num-
ber? An analysis of 1,038 patients. Ann Surg. 2000;232:362-71.

11. Nitti D, Marchet A, Olivieri M, Ambrosi A, Mencarelli R,
Belluco C, et al. Ratio between metastatic and examined lymph

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

nodes is an independent prognostic factor after D2 resection for
gastric cancer: analysis of a large European monoinstitutional
experience. Ann Surg Oncol. 2003;10:1077-85.

Bando E, Yonemura Y, Taniguchi K, Fushida S, Fujimura T,
Miwa K. Outcome of ratio of lymph node metastasis in gastric
carcinoma. Ann Surg Oncol. 2002;9:775-84.

Bonenkamp JJ, Hermans J, Sasako M, Van de Velde CJ,
Welvaart K, Songun I, et al. Extended lymph-node dissection for
gastric cancer. N Engl ] Med. 1999;340:908-14.

Inoue K, Nakane Y, liyama H, Sato M, Kanbara T, Nakai K, et al.
The superiority of ratio-based lymph node staging in gastric
carcinoma. Ann Surg Oncol. 2002;9:27-34.

Kodera Y, Yamamura Y, Shimizu Y, Torii A, Hirai T, Yasui K,
et al. Metastatic gastric lymph node rate is a significant prog-
nostic factor for resectable stage IV stomach cancer. ] Am Coll
Surg. 1997;185:65-9.

Takagane A, Terashima M, Abe K, Araya M, Irinoda T,
Yonezawa H, et al. Evaluation of the ratio of lymph node
metastasis as a prognostic factor in patients with gastric cancer.
Gastric Cancer. 1999;2:122-8.

Hyung WJ, Noh SH, Yoo CH, Huh JH, Shin DW, Lah KH, et al.
Prognostic significance of metastatic lymph node ratio in T3
gastric cancer. World J Surg. 2002;26:323-9.

Kunisaki C, Shimada H, Nomura M, Matsuda G, Otsuka Y, Ono
H, et al. Clinical impact of metastatic lymph node ratio in
advanced gastric cancer. Anticancer Res. 2005;25:1369-75.

. Rodriguez Santiago JM, Muiioz E, Marti M, Quintana S, Veloso

E, Marco C. Metastatic lymph node ratio as a prognostic factor in
gastric cancer. Eur J Surg Oncol. 2005;31:59-66.

Marchet A, Mocellin S, Ambrosi A, Morgagni P, Garcea D,
Marrelli D, et al. The ratio between metastatic and examined
lymph nodes (N ratio) is an independent prognostic factor in
gastric cancer regardless of the type of lymphadenectomy: results
from an Italian multicentric study in 1,853 patients. Ann Surg.
2007;245:543-52.

Persiani R, Rausei S, Biondi A, Boccia S, Cananzi F, D’Ugo D.
Ratio of metastatic lymph nodes: impact on staging and survival
of gastric cancer. Eur J Surg Oncol. 2008;34:519-24.

Celen O, Yildirim E, Berberoglu U. Prognostic impact of positive
lymph node ratio in gastric carcinoma. J Surg Oncol. 2007;96:
95-101.

Saito H, Fukumoto Y, Osaki T, Yamada Y, Fukuda K, Tatebe S,
et al. Prognostic significance of the ratio between metastatic and
dissected lymph nodes (n ratio) in patients with advanced gastric
cancer. J Surg Oncol. 2008;97:132-5.

Adachi Y, Kamakura T, Mori M, Baba H, Maehara Y, Sugimachi
K. Prognostic significance of the number of positive lymph nodes
in gastric carcinoma. Br J Surg. 1994;81:414-6.

Ichikura T, Tomimatsu S, Okusa Y, Uefuji K, Tamakuma S.
Comparison of the prognostic significance between the number of
metastatic lymph nodes and nodal stage based on their location in
patients with gastric cancer. J Clin Oncol. 1993;11:1894-900.
Hayashi H, Ochiai T, Suzuki T, Shimada H, Hori S, Takeda A,
et al. Superiority of a new UICC-TNM staging system for gastric
carcinoma. Surgery. 2000;127:129-35.

Sun Z, Zhu GL, Lu C, Guo PT, Huang BJ, Li K, et al. The impact
of N-ratio in minimizing stage migration phenomenon in gastric
cancer patients with insufficient number or level of lymph node
retrieved: results from a Chinese mono-institutional study in
2,159 patients. Ann Oncol. 2009;20:897-905.

Yamashita K, Sakuramoto S, Kikuchi S, Katada N, Kobayashi N,
Watanabe M. Validation of staging systems for gastric cancer.
Gastric Cancer. 2008;11:111-8.

Siewert JR, Bottcher K, Stein HJ, Roder JD. Relevant prognostic
factors in gastric cancer: ten-year results of the German gastric
cancer study. Ann Surg. 1998;228:449-61.

KU
2.« Humana Press



984

Med Oncol (2010) 27:975-984

30. Duraker N, Sisman S, Can G. The significance of perineural
invasion as a prognostic factor in patients with gastric carcinoma.
Surg Today. 2003;33:95-100.

31. Tanaka A, Yoshikawa H, Okuno K, Koh K, Watatani M,
Matsumura E, et al. The importance of neural invasion (NI) as a

M,
3« Humana Press

32.

prognostic factor in diffuse invasive gastric cancer. Surg Today.
1997;27:692-5.

Tianhang L, Guoen F, Jianwei B, Liye M. The effect of peri-
neural invasion on overall survival in patients with gastric car-
cinoma. J Gastrointest Surg. 2008;12:1263-7.



	Determining of metastatic lymph node ratio in patients who underwent D2 dissection for gastric cancer
	Abstract
	Introduction
	Patients and methods
	Statistical analysis

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


