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Abstract

AIM: To compare and evaluate the appropriate prog-
nostic indicators of lymph node basic staging in gastric
cancer patients who underwent radical resection.

METHODS: A total of 1042 gastric cancer patients who
underwent radical resection and D2 lymphadenectomy
were staged using the 6th and 7th edition International
Union Against Cancer (UICC) N staging methods and
the metastatic lymph node ratio (MLNR) staging. Ho-
mogeneity, discriminatory ability, and gradient mono-
tonicity of the various staging methods were compared
using linear trend »°, likelihood ratio »* statistics, and
Akaike information criterion (AIC) calculations. The
area under the curve (AUC) was calculated to compare
the predictive ability of the aforementioned three stag-
ing methods.
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RESULTS: Optimal cut-points of the MLNR were cal-
culated as MLNRO (0), MLNR1 (0.01-0.30), MLNR2
(0.31-0.50), and MLNR3 (0.51-1.00). In univariate,
multivariate, and stratified analyses, MLNR staging
was superior to the 6th and 7th edition UICC N stag-
ing methods. MLNR staging had a higher AUC, higher
linear trend and likelihood ratio »* scores and lower AIC
values than the other two staging methods.

CONCLUSION: MLNR staging predicts survival after
gastric cancer more precisely than the 6th and 7th edi-
tion UICC N classifications and should be considered as
an alternative to current pathological N staging.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

In recent years, more cases of gastric cancer have been
diagnosed in China than in any other country. Accurate
prognosis prediction for gastric cancer patients enables
doctors to determine the patients’ expected clinical
courses and to have more information when deciding
whether to use adjuvant therapy and when comparing the
therapeutic effects of different treatment modalities. A
widely used classification proposed by the International
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Union Against Cancer (UICC), the tumor-node-metasta-
sis (INM) system, combines the most powerful and reli-
able factors for analyzing tumor status'™, Lymph node
metastasis is one of the most important gastric cancer
prognostic factors”, The identified number of involved
lymph nodes depends on the number of lymph nodes
removed and examined, which in turn depends on the
surgical and pathologic procedures. Although TNM clas-
sification is a convenient and reproducible method for
precise staging, it demands the examination of at least 15
lymph nodes. If the number of dissected and examined
lymph nodes is small, downmigration of N stage may oc-
cur, and conversely, if the number is large, upmigration
of N stage may occur, which is also referred to as stage
migration in some references” . To Improve prognosis
prediction, the number of positive lymph nodes should
be considered in the context of the number of nodes
examined. The metastatic lymph node ratio (MLLNR), de-
fined as the number of positive lymph nodes divided by
the number of lymph nodes retrieved, has been proposed
as an alternative to classification systems that assess the
absolute number of positive lymph nodes, such as the
UICC (2002, 6th edition) or Japanese Gastric Cancer
Association (JGCA) (1998, 2nd English edition) staging
systemsmm.

This year, gastric cancer lymph node metastasis staging
was changed in both the UICC 7th edition and the JGCA
14th edition staging systems in that it now depends solely
on the number of metastatic nodes found™”. In the new
UICC and JGCA systems, patients with one to two posi-
tive lymph nodes are classified as N1, patients with three
to six positive lymph nodes are classified as N2, and pa-
tients with seven or more positive lymph nodes are classi-
fied as N3. Some authors have demonstrated that the 7th
edition UICC staging system is superior to the 6th edi-
tion based on its homogeneity, discriminatory ability and
prognostic value!™*?,

However, to date there has been no formal study
that focused on comparing the prognostic significance
of the MLNR with that of the 7th edition UICC N stag-
ing system. In the present article, we investigate whether
patients with gastric cancer can be classified into mean-
ingful risk categories based on MLNR by comparing
this staging system with the 7th edition UICC N staging
system.

MATERIALS AND METHODS

Patients

Between January 1996 and December 2007, 1042 patients
with histologically diagnosed gastric cancer underwent
surgery at the Department of Gastrointestinal-pancreatic
Surgery, First Affiliated Hospital, Sun Yat-Sen University,
China. The postoperative pathological results included
tumor size, histological type, margin, adjacent tissues and
neighboring organs, lymphatic/venous invasion, retrieved
lymph nodes, metastatic lymph nodes, and pTNM stag-
ing. The inclusion criteria of the study were as follows: (1)
gastric adenocarcinoma identified by histo-pathological
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examination; (2) histologically confirmed RO resection,
which was defined as no macroscopic or microscopic
residual tumor; and (3) availability of complete follow-up
data. Patients with distant metastases, a history of famil-
ial malignancy or other synchronous malignancy (such
as gastrointestinal stromal tumor, esophageal cancer,
colorectal cancer, e#.), or carcinoma of the gastric stump
after gastric resection for benign disease or who died in
the perioperative period were excluded from the study.

D2 lymphadenectomy was performed by experienced
surgeons following the JGCA guidelines[zﬂ. A total of
15 313 lymph nodes were retrieved, with a mean of
14.70 £ 10.25 lymph nodes per patient (25.14 * 9.28
for patients with > 15 lymph nodes retrieved and 8.58
T 3.87 for patients with < 15 lymph nodes retrieved)
and a range from 3 to 66. The mean number of lymph
nodes with evidence of metastasis was 6.40 £ 6.90 per
patient (9.78 = 9.42 for patients with > 15 lymph nodes
retrieved and 4.15 + 2.83 for patients with < 15 lymph
nodes retrieved), with a range from 1 to 70. Lymph node
involvement was classified according to the 7th edition
UICC (2010) N staging system (NO: no metastasis; N1:
1-2 metastatic lymph nodes; N2: 3-6 metastatic lymph
nodes; N3: = 7 metastatic lymph nodes) and 6th edition
UICC (2002) N staging system (NO: no metastasis; N1:
1-6 metastatic lymph nodes; N2: 7-15 metastatic lymph
nodes; N3: = 16 metastatic lymph nodes). All nodal
material was separately dissected from the specimen by a
surgeon at the end of the procedure. Our study does not
include stage IV patients, graded according to the UICC
7th edition staging system, because all of the patients
enrolled underwent radical resection and had no distant
metastasis.

Follow-up

Postoperative follow-up at our outpatient department
included clinical and laboratory examinations every 3 mo
for the first 2 years, every 6 mo during the third to fifth
yeats, and annually thereafter until at least 5 years after
the operation or until the patient died, whichever came
first. Overall patient survival, defined as the time from
operation to death or final follow-up, was used as a mea-
sure of prognosis. The median follow-up for the entire
cohort was 56 mo (range 3-178 mo).

Statistical analysis

To determine the appropriate MLNR cut-points in the
entire cohort, our analysis for the best cut-points was
conducted as follows: In the first step, we evaluated the
prognostic value of the MLLNR, adjusting for other clini-
copathological covariates that are significantly associated
with gastric cancer mortality. Second, patients having
no involved lymph nodes (MLNR = 0) were assigned
to one group because it has been well documented that
their prognosis significantly differs from patients with
metastatic lymph nodes"****), After ascertaining that
the MLNR was significantly associated with gastric can-
cer mortality, we determined two additional appropriate
cut-points for categorizing the MLNR to make our cut-
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points comparable with those for UICC N staging. For
this, we recomputed the likelihood associated with all
possible pairs of MLNR cutoffs ranging from 0.05 to
0.95 at intervals of 0.05. In our study, the two alternative
cut-points for the MLNR were 0.30 and 0.50. Martingale
residual analysis was also used to examine the function
form of the MILNR, and our cut-points (0, 0.30 and 0.50)
were found to be consistent. After extensive evaluations
of our data, no other sets of cut-points performed bet-
ter than those already described. Thus, four subgroups
of the MLNR classification (MLNRO, 0%; MLNRI1,
1%-30%; MLNR2, 31%-50%; MLNR3, 51%-100%) were
used in our study.

To directly compare the 6th and 7th edition UICC
N staging systems with the present MLLNR staging sys-
tem, we took advantage of two statistical methods. One
method considers the homogeneity, discriminatory abil-
ity and monotonicity of the gradient test. Homogeneity
was measured with the likelihood ratio y” test related to
the Cox regression model. The discriminatory ability and
monotonicity of the gradient were measured with the lin-
ear trend »” test. The likelihood ratio y° test was used to
assess homogeneity within each classification system and
to estimate the gradient monotonicity. Additionally, the
Akaike information criterion (AIC) value within a Cox
proportional hazard regression model was used to mea-
sure the discriminatory ability of each systemm]. The AIC
statistic was defined by AIC = -2 log maximum likelihood
+ 2 X the number of parameters in the model. A smaller
AIC value indicates that the model is better at predicting
outcome. The other method involves receiver operating
characteristic (ROC) curves. ROC curves and the areas
under the curves (AUC) were calculated for each of the
aforementioned three N staging systems to assess the ac-
curacy of their predictive ability. Differences between the
AUC were tested for statistical significance based on the
estimated areas and their standard errors™.

The 5-year survival rate was calculated using the Ka-
plan-Meier method. The log-rank test was used to make
statistical comparisons of different factors. Pearson cor-
relations were examined with a two-tailed test. In multi-
variate analysis, forward stepwise regression analysis was
performed with a Cox proportional hazards model. A P
value of < 0.05 was considered statistically significant.
All statistical analyses were performed using SPSS soft-
ware version 16.0 (SPSS Inc., Chicago, IL, United States).

RESULTS

Of the 1042 patients, 708 were male (67.9%) and 334
were female (32.1%). The mean patient age was 57.4 £
11.5 years (range 20-79 years). The overall 5-year survival
rate for all patients was 47.5%, and 474 patients were
alive when our follow-up was complete.

Univariate and multivariate survival analysis
After univariate analysis of the 1042 patients who un-
derwent radical resection, ten factors were found to have
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statistically significant associations with overall survival
(OS). They were: age, tumor location, tumor size, histo-
logical grade, lymphatic/venous invasion, pT, 6th edition
UICC pN, 7th edition UICC pN, MLNR, and the num-
ber of retrieved lymph nodes (Table 1). We summarize
the postoperative survival results as follows: (1) patients
who were older had significantly shorter OS than those
who were younger [hazard ratio (HR) = 1.019, P < 0.001];
(2) patients whose primary tumor was located in the dis-
tal third of the stomach had significantly longer OS than
those whose primary tumor was located elsewhere in the
stomach (HR = 0.735, P < 0.001); (3) patients with a larg-
er primary tumor had significantly shorter OS than those
with a smaller primary tumor (HR = 1.147, P < 0.001);
(4) patients with pootly differentiated or undifferentiated
adenocarcinoma had significantly shorter OS than those
with well or moderately differentiated adenocarcinoma
(HR = 1.254, P < 0.001); (5) patients with tumor lym-
phatic/venous invasion had significantly shorter OS than
those without lymphatic/venous invasion (HR = 2.685, P
< 0.001); (6) the deeper the primary tumor invasion, the
shorter the OS of the gastric cancer patients (HR = 1.852,
P < 0.001); (7) the higher the metastatic lymph node
counts of the 6th edition UICC N stage, the shorter the
OS of the gastric cancer patients (HR = 1.571, P < 0.001);
(8) the higher the metastatic lymph node counts of the
7th edition UICC N stage, the shorter the OS of the
gastric cancer patients (HR = 1.604, P < 0.001); (9) the
higher the MLLNR stage, the shorter the OS of the gastric
cancer patients (HR = 1.776, P < 0.001); and (10) pa-
tients who had more than 15 lymph nodes retrieved had
significantly longer OS than those who had < 15 lymph
nodes retrieved (HR = 0.616, P < 0.001). All of the
aforementioned 10 variables were included in a multivari-
ate Cox proportional hazards model (forward stepwise
procedure) to adjust for the effects of covariates (Table 2).
In that model, we demonstrated that age, tumor location,
tumor size, histological grade, lymphatic/venous inva-
sion, pT, the 7th edition UICC N staging, MLNR, and
the number of retrieved lymph nodes were independent
prognostic factors, while the 6th edition UICC N staging
was excluded.

The survival curves developed according to the 6th
and 7th edition UICC N staging systems and the MLNR
staging system are shown in Figure 1. For all three staging
systems, the Kaplan-Meier plot had good discriminatory
ability in each group except in N2 and N3 of the 6th edi-
tion UICC N staging (Figure 1). The 5-year survival rates
of NO, N1, N2, and N3 patients in the 6th edition UICC
N staging were 71.1%, 43.3%, 21.4%, and 25.1%, respec-
tively (P < 0.001, P < 0.001 and P = 0.143, respectively).
The 5-year survival rates of NO, N1, N2, and N3 patients
in the 7th edition UICC N staging were 71.1%, 50.7%,
37.5%, and 22.2%, respectively (P < 0.001, P = 0.003
and P = 0.001, respectively). The 5-year survival rates of
MLNRO, MLNR1, MLNR2, and MLNR3 patients wete
71.1%, 59.0%, 32.7% and 16.0%, respectively (P < 0.001,
P <0.001 and P < 0.001, respectively).
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Variable n (%) 5-yr survival  Log rank 2 Hazard P value
rate (%) value ratio
Gender 0.433 1.060 0.511
Male 708 (67.9) 48.6
Female 334 (32.1) 45.1
Age (continuous) 1042 (100) 47.5 124.704 1.019 <0.001
Tumor location 78.529 0.735 <0.001
Proximal 579 (55.6) 39.0
Distal 418 (40.1) 62.0
Two-thirds or more 45 (4.3) 17.5
Tumor size (continuous) 47.5 124.704 1.147 <0.001
Histological grade 18.407 1.254 <0.001
Well/moderately differentiated adenocarcinoma 388 (37.2) 54.8
Poorly differentiated adenocarcinoma 448 (43.0) 4.7
Undifferentiated adenocarcinoma/signet-ring cell 206 (19.8) 39.8
carcinoma/mucinous adenocarcinoma
Lymphatic/venous invasion 65.905 2.685 <0.001
No 954 (91.6) 50.0
Yes 88 (8.4) 20.4
Depth of invasion (7th edition) 172.456 1.852 <0.001
T1 81 (7.8) 90.7
T2 120 (11.5) 743
T3 195 (18.7) 57.5
T4a 538 (51.6) 35.9
T4b 108 (10.4) 221
The 7th edition UICC N 168.281 1.604 <0.001
NO 332 (31.9) 71.1
N1 211 (20.2) 50.7
N2 268 (25.7) 37.5
N3 231 (22.2) 222
The 6th edition UICC N 160.982 1.571 <0.001
NO 332 (31.9) 71.1
N1 479 (46.0) 433
N2 172 (16.5) 21.4
N3 59 (5.7) 251
Metastatic lymph node ratio 281.341 1.776 <0.001
MLNRO 332 (31.9) 71.1
MLNR1 277 (26.6) 59.0
MLNR2 154 (14.8) 327
MLNR3 279 (26.8) 16.0
Retrieved lymph nodes 67.098 0.616 <0.001
<15 657 (63.1) 58.0
>15 385 (36.9) 68.4
ing, the 5-year survival rate was significantly higher for
patients with NO compared with N1 and N2 in the <
Variables Wald Pvalue HR 95% CI 15 lymph nodes retrieved group, in which no patient was
Age (continuous) 23.741 <0.001 1.020 1.012-1.028 classified as N3 (P < 0.001 and P < 0001, fCSpCCﬂVCIY).
Tumor location 8.825 0.003 0794  0.682-0.925 The Kaplan-Meier plot discriminated well between each
Tumor size (continuous) ~ 29.678  <0.001 1.085  1.054-1.118 N staging in the > 15 lymph nodes retrieved group (P =
S L e e 0.008 and P < 0.001, respectively), except for N2 ss N3
ymphatic/venous ‘ ' ' o (P = 0.720). As for the 7th edition UICC N staging, the
UICC7th T 43.652 < 0.001 1.434 1.289-1.596 Kaplan-Meier plOt discriminated WCH thWCCI‘l each N
UICC 7th N 5806 0016 1218  1.037-1430 staging in both the <X 15 and > 15 lymph nodes retrieved
WILINIR e <ol 1D AL groups, except for NO »s N1 and N1 2s N2 (P = 0.070
Retrieved lymph nodes 29.666  <0.001 0548  0.441-0.680

CI: Confidence interval; UICC: International Union Against Cancer; HR:
Hazard ratio; T: Tumor; N: Node; MLNR: Metastatic lymph node ratio.

We also investigated the impact of the number of
lymph nodes retrieved on OS rates according to differ-
ent N staging systems. In the 6th edition UICC N stag-
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and P = 0.433, respectively) in the > 15 lymph nodes re-
trieved group. When we investigated the MLNR in the <
15 and > 15 lymph nodes retrieved groups, the Kaplan-
Meier plot showed that the 5-year survival rate was sig-
nificantly different for each MLNR stage. In the < 15
lymph nodes retrieved group, the 5-year OS was 66.2%,
49.9%, 29.9%, and 11.2% for MLNR 0, 1, 2, and 3 (P =
0.001, P < 0.001 and P < 0.001, respectively). In the > 15
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Figure 1 Impact of 6th and 7th International Union Against Cancer N
staging systems (A and B) and metastatic lymph node ratio staging (C)
on overall survival of gastric cancer patients who underwent radical re-
section. A: The 6th International Union Against Cancer (UICC) N staging: NO
vs N1, P <0.001; N1 vs N2, P < 0.001; N2 vs N3, P = 0.143; B: The 7th UICC
N staging: NO vs N1, P < 0.001; N1 vs N2, P = 0.003; N2 vs N3, P = 0.001; C:
Metastatic lymph node ratio (MLNR) staging: MLNRO vs MLNR1, P < 0.001;
MLNR1 vs MLNR2, P < 0.001; MLNR2 vs MLNR3, P < 0.001.

lymph nodes retrieved group, the 5-year OS was 82.5%,
68.3%, 38.7%, and 25.8% for MLNR 0, 1, 2, and 3 (P =
0.001, P < 0.001 and P = 0.038, respectively) (Figure 2).
The performance of the 6th and 7th edition UICC
N staging systems and the MLNR staging, as assessed by
the linear trend ;(2, likelihood ratio ;(2, and the AIC test,
is described in Table 3. Compared with the 6th and 7th
edition UICC N staging systems, the MLNR staging had
better homogeneity (higher likelihood ratio y° score), dis-
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Classification Subgroups Linear Likelihood AIC
trend ;> ratio 32

6th ed UICC N NO,1,2,3 117.751 141.517 7364.073

staging

7th ed UICC N NO,1,23 138.342 146.796 7325.731

staging

MLNR staging MLNRO,1,2,3  203.476 219.912 7240.017

UICC: International Union Against Cancer; N: Node; MLNR: Metastatic
lymph node ratio; AIC: Akaike information criterion.

criminatory ability, and monotonicity of gradients (higher
linear trend z” score). Furthermore, the MLNR staging
had a smaller AIC value, representing the optimum prog-
nostic stratification.

Finally, we used the ROC curves of the three afore-
mentioned N staging systems to calculate the AUC and
thus to assess the accuracy of each system’s predictive
ability for gastric cancer patients who underwent radi-
cal resection (Figure 3). The AUC was 0.692 for the 6th
edition UICC N staging, 0.705 for the 7th edition UICC
N staging, and 0.754 for the MLNR staging, indicating
that the MLNR staging was superior to the 6th and 7th
edition UICC N staging systems and could be used as a
more precise prognostic staging tool for gastric cancer
patients.

DISCUSSION

Because the 6th edition UICC TNM staging system 1s
simple, reliable, and reproducible, it is currently used all
over the world. For cases in which < 15 lymph nodes are
examined, N stage may be incorrect because of stage mi-
gration. A method for bypassing this problem is to con-
sider the ratio between metastatic and examined lymph
nodes. Studies have demonstrated that staging by the
MLNR is superior to staging by the absolute number of
metastatic lymph nodes (such as in the 6th edition UICC
N staging) for predicting prognosis of gastric cancer
patients****, Furthermore, some reports have demon-
strated that the 7th edition UICC N staging is more suit-
able for prognosis than the 6th edition system"™, For
example, although all the patients in our study underwent
D2 gastrectomy with RO resection, the number of lymph
nodes recovered in the majority of patients (63.1%) was
no more than 15, and therefore, in these patients, the N
stage cannot be classified as N3 according to the 6th edi-
tion UICC staging system. On the other hand, in the 7th
edition system, patients may be classified as N3 as long as
the number of retrieved lymph nodes is more than 7, and
thus, this revised edition system may reduce stage migra-
tion. Whether the 7th edition UICC N staging is optimal
is still unknown. To our knowledge, although a few docu-
ments claim that the 7th edition UICC N staging is supe-
rior to the 6th edition system, there ate no formal studies
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Figure 2 Analysis of the 6th (A and B) and 7th (C and D) International Union Against Cancer N staging systems and metastatic lymph node ratio staging
(E and F) stratified according to the number of lymph nodes retrieved. A: The 6th International Union Against Cancer (UICC) N staging in the < 15 lymph nodes
retrieved group: NO vs N1, P < 0.001; N1 vs N2, P < 0.001; B: The 6th UICC N staging in the > 15 lymph nodes retrieved group: NO vs N1, P = 0.008; N1 vs N2, P <
0.001; N2 vs N3, P=0.720; C: The 7th UICC N staging in the < 15 lymph nodes retrieved group: NO vs N1, P < 0.001; N1 vs N2, P = 0.001; N2 vs N3, P < 0.001; D:
The 7th UICC N staging in the > 15 lymph nodes retrieved group: NO vs N1, P=0.070; N1 vs N2, P = 0.433; N2 vs N3, P < 0.001; E: Metastatic lymph node ratio (MLNR)
stage in the < 15 lymph nodes retrieved group: MLNRO vs MLNR1, P = 0.001; MLNR1 vs MLNR2, P < 0.001; MLNR2 vs MLNR3, P < 0.001; F: MLNR stage in the >

15 lymph nodes retrieved group: MLNRO vs MLNR1, P = 0.001; MLNR1 vs MLNR2, P < 0.001; MLNR2 vs MLNR3, P = 0.038.

that have examined the superiority of the MLNR to the
7th edition UICC N staging to date.

In this study, the MLNR was one of the most im-
portant prognostic factors of gastric cancer mortality.
The MLNR provided a better classification of patient
prognostic risk profiles than the 6th and 7th edition
UICC N classification systems, particularly in the analy-
sis stratified by the number of lymph nodes retrieved.
The MLNR shows a clear advantage over the 6th and
7th edition UICC N staging systems for the following
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reasons: first, in univariate analysis, the log-rank ;(2 as-
sociated with the MLNR (y° = 281.341) was larger than
that of the 6th and 7th edition UICC N staging systems
(> = 160.982 and * = 168.281, respectively), indicating a
higher statistical significance (Table 1); second, in multi-
variate analysis, the HR was higher in the MLNR (HR =
1.330, 95% CI: 1.149-1.538) staging than in the 7th edi-
tion UICC N staging (HR = 1.218, 95% CI: 1.037-1.430)
(Table 2); third, although the 6th and 7th edition UICC

N classifications discriminated well between each group,
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Figure 3 Receiver operating characteristics curve of the 6th and 7th edi-
tion International Union Against Cancer N staging systems and metastatic
lymph node ratio staging for predicting survival of gastric cancer patients
with radical resection. Area under the curve (AUC) of 1.0 represents a “perfect’
diagnostic test that lacks false negative and false positive results. The AUC for
the 6th and 7th edition International Union Against Cancer (UICC) N staging
systems and metastatic lymph node ratio (MLNR) staging was 0.692, 0.705 and
0.754, respectively.

the MLNR provided a better classification of patient
prognostic risk profiles than the pN stage, particulatly in
the analysis stratified by the number of lymph nodes re-
trieved (Figure 2); fourth, the MLLNR staging had better
homogeneity (higher likelihood ratio 7 score, 219.912
vs 146.796 vs 141.517), discriminatory ability, and mono-
tonicity of the gradients (higher linear trend y° score,
203.476 »s 138.342 ps 117.751) and a smaller AIC value
(7240.017 vs 7325.731 w5 7364.073) (Table 3); and finally,
the AUC under the ROC curve was larger in the MLNR
staging (0.754) than in the 6th and 7th edition UICC N
staging systems (0.692 and 0.705, respectively), indicat-
ing that MLNR staging was superior to the 6th and 7th
edition UICC N staging methods and could be used as
a more precise prognostic staging tool for gastric cancer
patients.

According to Ueno e al””, the performance of a stag-
ing system can be evaluated as follows: homogeneity
within subgroups (small differences in survival among pa-
tients with the same stage), discriminatory ability between
different groups (large differences in survival among
patients in different stages), and monotonicity of the
gradients shown in the correlation between stages and
survival rates (within the same system, patients in earlier
stages have longer survival than those in later stages). In
our study, the MLNR staging had better homogeneity
(higher likelihood ratio ° score), discriminatory ability,
and monotonicity of the gradients (higher linear trend 7
score) than did the 6th and 7th edition UICC N staging
systems. Furthermore, in our study, the MLLNR staging
had a smaller AIC value, indicating that the MLLNR stag-
ing has the optimum prognostic stratification and small-
est loss of information for predicting outcome™ !, Addi-
tionally, the AUC under the ROC curve was larger in the
MLNR staging than the aforementioned two N staging
systems. These results demonstrate that the MLLNR stag-
ing has better prognostic stratification and more precise
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prediction than do the 6th and 7th edition TNM staging
systems.

Although the body of literature regarding the MLLNR
is growing, many studies have been performed using
diverse patient groups and different surgical techniques.
The cut-points for the MLNR have not necessarily been
discussed adequately or validated in alternative data sets.
We believe that systematic MLNR analyses of multi-
institutional, randomized patient data with validation
in similar independent data sets are required to cleatly
demonstrate the importance of the MLNR. Although
the current UICC TNM staging system is the most basic
and prevalent for predicting the survival of gastric cancer
patients with radical resection, we believe that it will be
essential to consider a staging system that includes ac-
curate prognostic variables such as the MLNR in the neatr
future. For all these reasons, the potential advantages of
incorporating the MLNR in staging systems should be
investigated in large, prospective data sets.

In conclusion, our study compared three lymph node
based N staging systems for gastric cancer patients who
underwent radical resection and D2 lymphadenectomy
and then demonstrated that the MLNR categories could
define gastric cancer prognosis more adequately and pre-
cisely than the 6th and 7th edition UICC N categories.
We propose that nodal ratios should be considered as an
alternative to the current UICC N staging.

COMMENTS

Background

In recent years, more new cases of gastric cancer are diagnosed in China each
year than in any other country. The most powerful and reliable factors which
have been widely used are the tumor-node-metastasis classification proposed
by the International Union Against Cancer (UICC).

Research frontiers

Although UICC N staging is a convenient and reproducible method for precise
staging, it demands the examination of at least 15 lymph nodes. If the number
of dissected and examined lymph nodes is small or large, downmigration or
upmigration of N stage may occur. The metastatic lymph node ratio (MLNR),
defined as the number of positive lymph nodes divided by the number of lymph
nodes retrieved, has been considered as an alternative to the absolute number
of positive lymph nodes.

Innovations and breakthroughs

In the year 2010, staging of lymph node metastasis in gastric cancer has
changed in both the UICC 7th edition staging system and in the Japanese Gas-
tric Cancer Association 14th edition system to depend solely on the number of
metastatic nodes found. Some authors have demonstrated that the 7th edition
UICC staging system was superior to the 6th edition in aspects of homogene-
ity and discriminatory ability with prognostic value. However, there has been
no formal proposal to date focused on comparing the prognostic significance
between the MLNR and the 7th edition UICC N staging systems. In the present
article, we investigated whether patients with gastric cancer can be classified
into meaningful risk categories based on LNR, by comparing this staging with
the 7th edition UICC N staging.

Applications

This study compared three lymph node based N staging systems for gastric
cancer patients with radical resection and D2 lymphadenectomy, and then dem-
onstrated that the MLNR categories could define gastric cancer prognosis more
adequately and precisely than the 6th and 7th edition UICC N categories. The
authors suggest that nodal ratios should be considered as a countermeasure to
the current UICC N staging.
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Peer review

This is a large study of 1042 gastric cancer patients undergoing radical resec-
tion plus D2 lymphadenectomy, with a mean follow-up of 56 mo. The authors
have analyzed patient outcomes in considerable depth, their data is well char-
acterized. They provide an in depth analysis of factors contributing to survival
and have utilized multivariate analysis in doing this. The information in the
manuscript is highly relevant and useful.
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