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Abstract

Background

We aimed to investigate effect of increased number of examined lymph nodes (LNs) to pN

category, and compare various N categories in gastric cancer: American Joint Committee

on Cancer (AJCC) 7th edition, metastatic LN ratio (MLR), and log odds of positive LNs

(LODDS).

Methods

Four cohorts with a total of 2,309 gastric cancer patients were enrolled. For cohort 1 and 2,

prognostic significance of each method by disease-specific survival was analyzed using

Akaike and Bayesian information criterion (AIC and BIC).

Results

The total LNs in four cohorts significantly differed [median (range), 28 (6–97) in cohort 1,

37 (8–120) in cohort 2, 48 (7–122) in cohort 3, and 54 (4–221) in cohort 4; p<0.001]. The

numbers of negative LNs increased with increase of total LN (p<0.001), but the numbers of

metastatic LNs did not increase from cohort 1 to 4. MLR and LODDS in four cohorts had

decreasing tendency with increase of total LNs in each pT3 and pT4 category (p<0.001),

while the numbers of metastatic LNs did not differ significantly in any pT category (p>0.05).

The AIC and BIC varied according to different cut-off values for MLR; model by cut-offs of

0.2 and 0.5 being better for cohort 1, while cut-offs 0.1 and 0.25 was better for cohort 2.

Conclusion

Our study showed that the number of metastatic LNs did not increase with maximal patho-

logic examination of regional LNs. AJCC 7th system is suggested as the simplest method

with single cut-off value, but prognostic significance of MLR may be influenced by various

cut-offs.
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Introduction

Gastric cancer (GC) is one of the most common types of cancer and the leading causes of

death, accounting for 10% of total cancer-associated deaths worldwide [1]. In South Korea,

about 35,000 people are newly diagnosed with GC annually, and it is the third most common

cause of cancer mortality [2]. Lymph node (LN) involvement has long been considered to be

the most important prognostic factor in GC [3]. The AJCC 7th edition staging system uses the

absolute number of positive LNs to assess the N status, which has long been accepted as the

routine way of evaluating regional LN status [4,5].

There has been criticism against the requirement of the AJCC 7th edition N-category system–

that optimal specimens should contain at least 16 regional LNs [6]. While Asian countries includ-

ing Korea and Japan routinely practice D2 dissection of LNs, Western countries take more con-

servative stance on LN dissection, D1 dissection being the most popular [7]. Therefore, Western

surgical oncologists and pathologists have difficulty in harvesting more than 15 LNs. For instance,

a study performed in 2006 using the Surveillance Epidemiology and End Results (SEER) database

revealed that among the 10,807 surgically resected GC cases, only 29% met the minimal require-

ments [8]. Recent studies have demonstrated that the number of total or negative LNs could pre-

dict patients’ prognosis [9] and that insufficient number of examined LNs could be a cause of

inaccurate prediction of patients’ outcome [10]. Therefore, surgeons usually demand maximal

retrieval of LNs on pathologists, but the clinical significance of meticulous pathologic LN retrieval

after standardized surgical procedure has not been clear. There has been another major criticism

against the number-based AJCC N- category system: stage migration. The term stage migration

refers to the phenomenon where a lower number of examined LNs results in understaging of N-

status [11], while a higher number of nodes causes unnecessary overstaging [12,13].

The alternative N- category methods which can be utilised regardless of the total number of

retrieved LNs were suggested, and most well-known methods include metastatic LN ratio

(MLR) [14] and log odds of positive LNs (LODDS) [15]. The MLR is defined as the ratio of the

number of metastatic LNs to the total number of examined LNs. It is known for its flexibility

in various clinical situation: D1 or D2 dissection, and LNs less than 15 or more than 16 [16].

Although there are still ongoing debates regarding the cut-off values of MLRs, recent studies

state that MLR has less influence on stage migration [14] and is more accurate in the predic-

tion of prognosis [17].

Some researchers raised concerns for the pN0 categories of both the AJCC 7th edition and

MLR systems; they suggest that the pN0 category, of which the proportion is around 40%, may

not be a homogeneous category [18]. Both systems are not able to discriminate the prognoses of

patients within N0 category [19]. Therefore, to prevent all node-negative patients from being cat-

egorized into a single N0 category, the LODDS method was proposed as log ðpositive nodeþ0:5Þ

ðtotal node� positive nodeþ0:5Þ

[20], and the generated values were stratified by certain cut-off values into LODDS. The support-

ers of the LODDS system assert that this method provides a better prediction of prognosis, how-

ever, the complexity of the formula has consistently been at the center of criticism.

Accurate analysis of LN status in GC is of crucial importance for predicting the prognosis.

Therefore, we aimed to investigate clinical implication of maximal retrieval of LNs in patho-

logic laboratories and to compare the three aforementioned types of LN assessment methods

to determine the most useful model.

Materials and methods

A total of 2,309 patients who had been diagnosed with GC and consecutively undergone surgi-

cal resection at two individual institutions were included in this study. 664 patients were

treated at Seoul National University Hospital (Seoul, Republic of Korea) in 2004 (cohort 1).

Effect of maximal lymph node examination
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The remaining 1,645 patients were treated at Seoul National University Bundang Hospital

(Seongnam, Republic of Korea): 579 patients between January 2003 and December 2005

(cohort 2) and 587 and 479 patients in the years 2011 (cohort 3) and 2013 (cohort 4), respec-

tively. The cases consisted of primary and sporadic GCs; recurred, metastatic, or hereditary

cancers were excluded. None had received preoperative chemotherapy or radiotherapy. The

patients with stage II to IV disease received adjuvant chemotherapy using fluoropyrimidine

(5-fluorouracil, capecitabine, or S-1) alone or fluoropyrimidine plus mitomycin C, cisplatin,

or oxaliplatin, if clinically indicated.

Clinicopathologic data were collected retrospectively from medical records and pathologic

reports. Clinical outcomes were followed from the date of surgery in cohort 1 and 2, and suffi-

cient follow-up time (1–109 months (median, 53 months)) was provided. Cases lost to follow-

up and deaths by causes other than GC were censored. Disease specific survival was defined as

the time between the date of surgery and the date of death of gastric cancer-related cause or

last follow up date. When the dates and causes of patients’ death were checked by the legiti-

mate database from the Ministry of Public Administrations and Security in Korea; if the rele-

vant data were not available from the governmental database, we reviewed the medical records

for additional information. The pN stage by AJCC 7th edition was categorised, and for MLRs,

since there was no consensus on cut-off value, we adapted the three sets of cut-off values that

have been used most frequently in previous studies; 0.3 and 0.6 [20], 0.2 and 0.5 [14], and 0.1

and 0.25 [21]. LODDS was divided into four stages according to the most commonly used cut-

off values: pLODDS1 (LODDS� −0.5), pLODDS2 (-0.5< LODDS� 0), pLODDS3 (0 <

LODDS� 0.5), pLODDS4 (0.5< LODDS) [20].

This study was approved by the institutional review board of Seoul National University

Hospital and Seoul National University Bundang Hospital (IRB number: B-1507/306-115). All

medical and pathologic records were anonymized before use in this study. The participants

did not provide written informed consent, but the institutional review board waived the need

for written informed consent under the condition of anonymization and no additional inter-

vention to the participants.

The chi-square test or Fisher’s exact test was performed to analyse categorical variables. The

total number of retrieved LNs, number of negative LNs, number of metastatic LNs, MLR, and

LODDS were non-parametric variables by tests of normality (p< 0.001 by Kolmogorov-Smir-

nov or Shapiro-Wilk tests), and these were compared using the Kruskal-Wallis method among

four cohorts and the Mann Whitney U method between the two cohorts. The p-values< 0.5

were considered statistically significant. For the 1st and 2nd cohorts, the disease-specific sur-

vival (DSS) and Akaike information criterion (AIC) and Bayesian information criterion (BIC)

indices were obtained to compare each N- category model [22], AIC model was based on Cox

proportional hazard model. All statistical analyses were performed with the SPSS Statistics

21.0 software package (SPSS Inc., Chicago, IL, USA) except for AIC and BIC calculation which

were performed using the R statistical package 3.1.1 (http://www.r-project.org).

Results

Clinical features and LN status in four cohorts

The clinicopathologic characteristics of the four cohorts are summarized in Table 1. The

median age (range) was 61 years (23–89), and cohort 1 was younger than other cohorts (p<

0.001). There was a tendency of higher pT in cohort 1 and lower pT in cohort 4. Distal subtotal

gastrectomy and total gastrectomy were the major operation performed on study population

(1,673 (72.5%) and 499 (21.6%), respectively), followed by proximal gastrectomy, pylorus pre-

serving gastrectomy, near total gastrectomy and remnant total gastrectomy. The median
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numbers (range) of total examined LNs were 28 (6–97) in cohort 1, 37 (8–120) in cohort 2,

48 (7–122) in cohort 3, and 54 (4–221) in cohort 4. The median numbers of negative LNs was

24 (0–74) in cohort 1, 34 (2–120) in cohort 2, 44 (0–118) in cohort 3, and 51 (1–221) in cohort

4. The four cohorts significantly differed from each other regarding the total number of LNs

Table 1. Clinicopathologic characteristics of four cohorts.

Total Cohort 1 Cohort 2 Cohort 3 Cohort 4 p-value

Gender 0.004

Male 1575 (68.2%) 485 (73.0%) 384 (66.3%) 402 (68.5%) 304 (63.47%)

Female 734 (31.8%) 179 (27.0%) 195 (33.7%) 185 (31.5%) 175 (36.53%)

Age <0.001a

Median (range) 61 (23–89) 59 (24–86) 62 (25–89) 61 (23–89) 62 (27–88)

Mean ± SD 59.79 ± 12.41 57.61 ± 12.11 59.89 ± 11.81 60.68 ± 12.93 61.57 ± 12.47

pT stage <0.001 a

pT1 1227 (53.2%) 311 (46.8%) 299 (51.6%) 318 (54.2%) 299 (62.4%)

pT2 254 (11.0%) 80 (12.1%) 62 (10.7%) 70 (11.9%) 42 (8.8%)

pT3 437 (18.9%) 168 (25.3%) 104 (18.0%) 97 (16.5%) 68 (14.2%)

pT4 391 (16.9%) 105 (15.8%) 114 (19.7%) 102 (17.4%) 70 (14.6%)

Operation <0.001 a

DSG 1673 (72.5%) 451 (67.9%) 453 (78.2%) 433 (73.8%) 336 (70.1%)

TG 499 (21.6%) 190 (28.6%) 109 (18.8%) 107 (18.2%) 93 (19.4%)

Near TG 15 (0.6%) 2 (0.3%) 3 (0.5%) 7 (1.2%) 3 (0.6%)

PG 77 (3.3%) 1 (2.6%) 4 (0.7%) 25 (4.3%) 31 (6.5%)

PPG 25 (1.1%) 3 (0.5%) 10 (1.7%) 10 (1.7%) 2 (0.4%)

Remnant TG 9 (0.4%) 0 (0.0%) 0 (0.0%) 4 (0.7%) 5 (1.0%)

Others 11 (0.5%) 1 (0.2%) 0 (0.0%) 1 (0.2%) 9 (1.9%)

Total no. of <0.001 a

retrieved LNs

Median (range) 40 (4–221) 28 (6–97) 37 (8–120) 48 (7–122) 54 (4–221)

Mean ± SD 43.52 ± 20.73 30.11 ± 12.98 41.14 ± 16.99 50.40 ± 18.98 55.56 ± 23.78

No. of <0.001 a

negative LNs

Median (range) 36 (0–221) 24 (0–74) 34 (2–120) 44 (0–118) 51 (1–221)

Mean ± SD 39.51 ± 20.54 25.97 ± 12.78 36.80 ± 16.04 46.03 ± 18.47 53.52 ± 23.82

No. of 0.001

metastatic LNs

Median (range) 0 (0–102) 0 (0–59) 0 (0–95) 0 (0–71) 0 (0–102)

Mean ± SD 4.00 ± 8.93 4.13 ± 7.85 4.35 ± 9.54 4.32 ± 9.58 3.03 ± 8.72

Ratio <0.001 a

Median (range) 0 (0–1.00) 0 (0–1.00) 0 (0–0.95) 0 (0–1.00) 0 (0–0.99)

Mean ± SD 0.09 ± 0.18 0.13 ± 0.22 0.09 ± 0.18 0.08 ± 0.16 0.05 ± 0.12

LODDS <0.001 a

Median (range) -1.67 -1.51 -1.65 -1.77 -1.88

(-2.65–2.14) (-2.17–1.76) (-2.38–1.22) (-2.34–2.14) (-2.65–1.83)

Mean± SD -1.39 ± 0.72 -1.18 ± 0.76 -1.35 ± 0.70 -1.48 ± 0.70 -1.64 ± 0.62

Total 2,309 664 579 587 479

SD standard deviation, DSG distal subtotal gastrectomy, TG total gastrectomy, PG proximal gastrectomy, PPG pylorus preserving gastrectomy, LN lymph

node
a p-value < 0.5 is considered statistically significant

https://doi.org/10.1371/journal.pone.0174814.t001
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(p< 0.001; Fig 1A) and the number of negative LNs (p< 0.001; Fig 1B); more recent cohorts

(cohort 3 and 4) showed greater numbers of total and negative LNs. In addition, we have

found that the total number of examined LNs were significantly different according to the

operation types by Kruskall-Wallis test in all cohorts (p< 0.001). (S1 Table).

Regarding the number of metastatic LNs, the cohort 1 to 3 did not significantly differ from

each other (p> 0.05 between cohort 1 and 2, 1 and 3, and 2 and 3 by Mann Whitney U tests;

data not shown), but the cohort 4 had the lowest number of metastatic LNs (p< 0.001 between

cohort 1 and 4, 2 and 4, and 3 and 4 by Mann Whitney U tests; Fig 1C). Additionally, cohort 4

had the lower pT (p< 0.001). The MLR and LODDS were the highest in cohort 1 and the low-

est in cohort 4 (Fig 1D and 1E; p< 0.001).

N categories from four cohorts within each pT

The four cohorts showed different clinicopathological features, especially pT category. We

compared the numbers of total, negative, metastatic LNs, MLR and LODDS values from

the four cohorts within each pT category. The numbers of total LNs in four cohorts were sig-

nificantly different (p< 0.001 in pT1 to pT4), and the numbers of negative LNs increased

along with the increase of total LNs (p< 0.001 in pT1 to pT4). The number of metastatic LNs

and the MLR values from each cohort did not show a significant difference in pT1 and pT2

categories, most-likely due to the very small mean number of metastatic LNs (only 0.26 in pT1

stage and 1.20 in pT2 stage) (S2 Table). However, the MLR and LODDS values from each

cohort were significantly different in the pT3 and pT4 categories (p< 0.001), and the MLR

and LODDS values in each cohort showed decreasing tendency as the numbers of total LNs

increased (Table 2). The number of metastatic LNs from each cohort did not show a significant

difference in pT3 and pT4 categories, although significant difference was noted in the total

number of LNs.

Fig 1. Numbers of total LNs (a), numbers of negative LNs (b), numbers of metastatic LNs (c), metastatic lymph node ratio

(MLR) (d), and log odds of positive lymph nodes (LODDS) (e) among four cohorts were plotted by bar charts and analyzed

by Kruskal-Wallis H tests

https://doi.org/10.1371/journal.pone.0174814.g001
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N categories in the cases with examined LNs of less than 16

As shown in S3 Table, 86 cases (3.87%) had total LNs of less than 16. Assessment of pT cate-

gory by 7th AJCC, pN category by 6th, 7th AJCC, and MLR using three sets of cut-offs revealed

that the proportion of early stage disease was higher in patients with total LNs less than 16.

The MLR using the cut-off values of 0.2 and 0.5 showed the same N- category distribution as

the AJCC 7th edition system (R0 in 82.6%, R1 in 7.0%, R2 in 8.1%, and R3 in 2.3%). However,

the N- categories by MLR using the cut-off values of 0.3 and 0.6 shifted to lower N-stages (R0

in 82.6%, R1 in 12.8%, R2 in 3.5% and R3 in 1.2%). Furthermore, most of cases with less than

16 examined LNs were categorized as LODDS1 (91.9%).

Prediction of patients’ outcome by using each N-category model

The Kaplan-Meier survival curves of cohort 1, cohort 2, and combined cohort 1 and 2 accord-

ing to each N-category model are shown in Fig 2. Overall, all AJCC 7th pN category, pLODDS,

and pMLR by three sets of cut-off values were able to discriminate the DSS in cohort 1, cohort

2 and combined cohort with statistical significance (p< 0.001). One notable finding was that

in cohort 2, the distinction of DSS between LODDS2 and LODDS3 was not clear (p = 0.745).

Since the Kaplan-Meier survival analysis alone could not prove which of the N-category

model is the best for prediction of patients’ outcome, we adapted the AIC and BIC indices for

each model, which showed distinct results depending on the cohort, as shown in Table 3. For

the cohort 1, the MLR model using the cut-off values of 0.2 and 0.5 was found to be the best

model. The cohort 2, which consisted of patients with a greater number of examined LNs, was

best explained by the MLR model with the lower cut-off values of 0.1 and 0.25. The results

were different in combined cohort: AIC favored the AJCC 7th edition system, and BIC sup-

ported MLR with cut-offs of 0.2 and 0.5.

Discussion

In this study, we compared the numbers of total, negative, and metastatic LNs in four inde-

pendent cohorts to clarify clinical significance of maximal pathologic evaluation of LNs. The

numbers of examined LNs of our study far exceeded those of previous studies from various

institutions [11,12,19]. Based on the results of previous studies on this topic, we have expected

Table 2. Comparison of three pN categories within pT3 and pT4 cases.

Total a Cohort 1 a Cohort 2 a Cohort 3 a Cohort 4 a p-value

pT3 Total LNs 46.32 ± 22.43 33.42 ± 14.09 45.02 ± 17.72 58.41 ± 19.46 62.91 ± 29.04 <0.001b

Negative LNs 39.89 ± 22.71 26.26 ± 13.34 38.36 ± 17.56 52.38 ± 19.11 58.12 ± 29.72 <0.001b

Metastatic LNs 6.42 ± 8.32 7.15 ± 8.78 6.66 ± 8.20 6.03 ± 8.35 4.81 ± 7.10 0.188

Ratio 0.15 ± 0.19 0.21 ± 0.23 0.15 ± 0.19 0.10 ± 0.14 0.09 ± 0.12 <0.001b

LODDS -1.00 ± 0.70 -0.79 ± 0.72 -0.98 ± 0.66 -1.18 ± 0.61 -1.30 ± 0.63 <0.001b

pT4 Total LNs 49.16 ± 21.98 32.87 ± 13.40 48.63 ± 19.46 56.95 ± 20.19 63.13 ± 23.46 <0.001b

Negative LNs 34.73 ± 21.65 19.87 ± 13.31 34.65 ± 18.76 39.87 ± 20.21 49.66 ± 24.62 <0.001b

Metastatic LNs 14.43 ± 14.82 13.00 ± 10.70 13.98 ± 15.78 17.08 ± 15.14 13.47 ± 17.64 0.050

Ratio 0.31 ± 0.26 0.41 ± 0.28 0.28 ± 0.25 0.30 ± 0.25 0.21 ± 0.22 <0.001b

LODDS -0.49 ± 0.74 -0.23 ± 0.76 -0.58 ± 0.72 -0.47 ± 0.67 -0.78 ± 0.70 <0.001b

LN lymph node, LODDS log odds of positive lymph nodes staging
a All variables, mean ± standard deviation
b p-value < 0.5 is considered statistically significant

https://doi.org/10.1371/journal.pone.0174814.t002
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Fig 2. Kaplan-Meier survival curves of disease specific survival (DSS) are shown. AJCC 7th N-category (a), log-odds of

positive lymph node stage (LODDS) (b), and metastatic lymph node ratio (MLR) using cut-off value sets of 0.1/0.25 (c), 0.2/0.5

(d), and (0.3/0.6) (e) were all able to discriminate significant DSS differences (p < 0.001).

https://doi.org/10.1371/journal.pone.0174814.g002
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that increased number of examined LNs would probably result in an increased number of pos-

itive LNs [12,13]. However, the number of negative LNs increased with the increase of total

LN, but the number of metastatic LNs did not.

In addition, using the DSS of two cohorts, we aimed to identify the pN category model with

best prognostic performance. With the exception of the AIC index for the combined total pop-

ulation, all the indices supported the MLR system as the best pN category model. However,

there are some points to consider when applying MLR. It is mathematically dependent on

the total number of examined LNs; our results showed that the proportion of patients with

advanced N-category decreases as the total number of examined LNs increases from the cohort

1 to 4, and it suggests the possibility of understaging, due to an intrinsic flaw in the MLR calcu-

lation. Also, our data showed that this phenomenon of understaging by MLR is more promi-

nent in patients with advanced pT stage, in contrast to the absolute number of metastatic LNs.

In addition, we have found that total number of LNs vary according to the operation types,

which may result in confounder of MLR or LODD system.

Table 3. AIC index and BIC index according to various pN categories.

Cohort 1 (N = 664) Cohort 2 (N = 579) Combined cohort (N = 1,243)

N DSS(%) AIC BIC N DSS(%) AIC BIC N DSS(%) AIC BIC

pN (AJCC7th) 1577.7 1595.1 1245.7 1263.2 3178.7† 3199.2

pN0 379 97.9 320 96.9 699 97.3

pN1 70 82.9 79 89.9 149 86.6

pN2 66 59.1 66 68.2 132 63.6

pN3a 89 42.7 57 47.4 146 44.5

pN3b 60 16.7 57 17.5 117 17.1

pLODDS 1643.0 1656.5 1303.8 1316.9 3301.4 3316.8

pL0 523 90.2 501 88.4 1024 89.4

pL1 87 43.7 53 28.3 140 37.9

pL2 33 18.2 15 26.7 48 20.8

pL3 21 0.0 10 0.0 31 0.0

pRatio (0.1/0.25) 1590.0 1603.5 1238.4† 1251.5† 3183.7 3199.1

pR0 379 97.9 320 96.6 699 97.3

pR1 82 78.0 115 86.1 197 82.7

pR2 76 57.9 73 53.4 149 55.7

pR3 127 29.1 71 21.1 198 26.3

pRatio (0.2/0.5) 1565.4† 1578.9† 1262.3 1275.4 3180.0 3195.3†

pR0 379 97.9 320 96.6 699 97.3

pR1 132 73.5 166 75.9 298 74.8

pR2 99 42.4 68 33.8 167 38.9

pR3 54 11.1 25 16.0 79 12.7

pRatio (0.3/0.6) 1577.7 1591.2 1260.7 1273.8 3197.4 3212.8

pR0 379 97.9 320 96.6 699 97.3

pR1 176 65.3 196 71.9 372 68.8

pR2 67 40.3 45 22.2 112 33.0

pR3 42 7.1 18 11.1 60 8.3

AIC Akaike information criterion, BIC Bayesian information criterion, DSS disease specific survival, AJCC American Joint Committee on Cancer, LODDS

log odds of positive lymph nodes

† On interpretation of AIC and BIC indices, the models with lowest value are preferred

https://doi.org/10.1371/journal.pone.0174814.t003
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Also, there is no single consensus regarding the cut-off values in MLR. Different cut-off

values—more than ten sets to our knowledge—were applied in previous studies on MLR

(Table 4) [13,17,23–31]. When higher cut-off values were applied (e.g. the set of 0.3 and 0.6

rather than the set of 0.1 and 0.25), the tendency of understaging would be intensified. In the

cohort 2 of our study, in which more LNs were examined than in the cohort 1, the model

using the lower cut-off values— 0.1 and 0.25 —turned out the be the best according to the

AIC and BIC indices, while the model using 0.2 and 0.5 was the best for the cohort 1. From

these findings, we suggest that the superiority of the MLR system over the AJCC 7th edition

system is questionable, for it may be influenced by population characteristics and cut-off

values.

The major advantage of LODDS compared to number-based AJCC 7th pN-category or

MLR was that only LODDS can discriminate survival differences within the pN0 category.

However, in our study population all the pN0 patients in all four cohorts were in LODDS1 (S4

Table), most likely owing to mathematical calculation using the large number of total har-

vested lymph nodes in our cohorts. Therefore, we inferred that LODDS have limitation in fur-

ther discrimination of pN0 category, especially when the total number of lymph nodes are

high.

The AJCC 7th edition system has its own superiorities. This number-based LN staging sys-

tem has long been the most popular way of assessing node status. It is widely used in various

types of cancer, and it is the simplest and most familiar way for both pathologists and clini-

cians. It is also straightforward, while MLR and LODDS take additional mathematical calcula-

tion. Our results shown in Table 3 suggest that the prognostic performance of AJCC 7th

edition method was not inferior to the MLR system when the cohorts were combined.

Owing to the fact that the total number of retrieved LN varies from region to region [32],

one of possible disadvantages when using the MLR is understaging of N-category, particularly

in cases with extended LN dissection. Although there have been debates regarding the risk

and benefit of D2 dissection in gastric cancer, there is a considerable evidence for the survival

benefit of extended lymphadenectomy in the Asian population [33–35]. Additionally, some

Table 4. Variable cut-off values for metastatic lymph node ratio (MLR) system in previous studies.

Author Year Population N AJCC MLR cut-off Result

Koh Current study Korea; multicenter 2,309 7th 0.1 and 0.25 MLR not superior

0.2 and 0.5

0.3 and 0.6

Lorenzon L 2014 Italy;single center 129 6th, 7th 0.01, 0.05, 0.10, 0.20, and 0.30 Favor MLR

Alatengbaolide 2013 China;single center 1,916 5th 0.1 and 0.25 Favor MLR

Aurello P 2013 Italy;single center 142 7th 0.1 and 0.25 Favor MLR

Wong J 2013 US;single center 222 7th 0.2 and 0.5 Favor MLR

Nelen SD 2013 Netherland; multicenter 973 5th, 6th, 7th 0.1, 0.20, and 0.3 Favor MLR

Zeng WJ 2013 China; multicenter 613 7th 0.5 and 0.8 Favor MLR

Xu J 2013 China;single center 427 7th 0.2, 0.4, and 0.7 MLR not superior

Kong SH 2012 Korea;single center 8,949 7th 0.2 and 0.5 Favor MLR

Lee SR 2012 Korea;single center 495 6th 0.01, 0.05, 0.10, 0.20, and 0.30 Favor MLR

Wang J 2012 US;multicenter 18,043 7th 1/15, 3/10, and 7/10 Favor MLR

Xiao LB 2011 China;single center 1,042 6th, 7th 0.01, 0.30, and 0.50 Favor MLR

Bilici A 2010 Turkey;single center 202 5th 0.1 and 0.25 MLR not superior

N number of cases, AJCC American Joint Committee on Cancer, MLR metastatic lymph node ratio

https://doi.org/10.1371/journal.pone.0174814.t004
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authors have suggested that insufficient lymphadenectomy may be associated with increased

locoregional recurrence [7]. If the surgical procedure is standardized, the number of total

examined LNs would depend on the procedure of handling and identifying LNs in pathologic

laboratories. The pathologist or pathologists’ assistant inspects and palpates the perigastric fat

to identify LNs in daily practice, which is a very labor-intensive and time-consuming proce-

dure. Our results showed that the number of metastatic LNs did not increase with the increase

of total LN number, thus more thorough examination of LNs in pathologic laboratories might

not be meaningful if total retrieved LNs are above a certain amount.

This study has a limitation of being a retrospective study based on a Korean population. In

addition, since we enrolled all consecutively registered GC patients in two institutes from year

2003 to 2013, adjuvant chemotherapy could not be controlled. However, the patients with

stage II to IV disease received adjuvant chemotherapy using fluoropyrimidine-based regimens.

This un-controlled adjuvant chemotherapy may have acted as the confounder of the survival

results of the study population. Therefore, generalization of our results to various patients with

gastric cancer worldwide may not be feasible. Additionally, since most of the patients in this

study population had undergone D2 dissection, further international multi-center studies or

validation in other regions, where the conservative lymphadenectomy is relatively common, is

required.

In summary, our results show that the increase of the number of total examined LNs does

not always result in the increased metastatic LNs. Therefore, we suggest that more meticulous

LN sampling in pathologic laboratories is not always necessary for optimal pN category, if

total LNs are above a certain amount. In addition, MLR and LODDS values were influenced

by the number of total LNs. However, the AJCC 7th edition system gave relatively consistent

results with a single consensus on the cut-off value. For the MLR system to become more reli-

able, we should be aware of its limitations, especially the issues regarding the cut-off values.

Supporting information

S1 Table. The number of total examined lymph nodes according to various operation

types.

(DOCX)

S2 Table. Comparison of three N category methods within pT1 and pT2 cases.

(DOCX)

S3 Table. Characteristics of population with less than 16 examined lymph nodes.

(DOCX)

S4 Table. Comparison of AJCC 7th system and LODDS.

(DOCX)

S5 Table. The results of Cox proporational hazard model in cohort 1 and cohort 2.

(DOCX)

S1 File. Dataset including the key clinicopathologic features of study population.

(XLSX)

Acknowledgments

The authors thank Division of Statistics in Medical Research Collaborating Center at Seoul

National University Bundang Hospital for statistical analyses.

Effect of maximal lymph node examination

PLOS ONE | https://doi.org/10.1371/journal.pone.0174814 March 31, 2017 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174814.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174814.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174814.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174814.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174814.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174814.s006
https://doi.org/10.1371/journal.pone.0174814


Author Contributions

Conceptualization: HSL.

Data curation: JK HSL.

Formal analysis: JK HSL.

Investigation: JK HSL.

Methodology: JK HSL.

Project administration: HSL.

Resources: JK HEL WHK HSL.

Software: JK HSL.

Supervision: JK HEL WHK HSL.

Validation: JK HEL WHK HSL.

Visualization: JK HSL.

Writing – original draft: JK HSL.

Writing – review & editing: JK HEL WHK HSL.

References
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA: A Cancer Jour-

nal for Clinicians. 2011; 61:69–90.

2. Choi YY, Noh SH, Cheong J-H. Molecular Dimensions of Gastric Cancer: Translational and Clinical Per-

spectives. J Pathol Transl Med. 2016; 50:1–9. https://doi.org/10.4132/jptm.2015.09.10 PMID:

26498010

3. Yokota T, Ishiyama S, Saito T, Teshima S, Narushima Y, Murata K, et al. Lymph node metastasis as a

significant prognostic factor in gastric cancer: a multiple logistic regression analysis. Scand J Gastroen-

terol. 2004; 39:380–4. PMID: 15125471

4. Kim SH, Ha TK, Kwon SJ. Evaluation of the 7th AJCC TNM Staging System in Point of Lymph Node

Classification. J Gastric Cancer. 2011; 11:94–7. https://doi.org/10.5230/jgc.2011.11.2.94 PMID:

22076209

5. Kim WH, Park CK, Kim YB, Kim YW, Kim HG, Bae HI, et al. A standardized pathology report for gastric

cancer. Korean J Pathol. KoreaMed; 2005; 39:106–13.

6. Washington K. 7th Edition of the AJCC Cancer Staging Manual: Stomach. Ann Surg Oncol. 2010;

17:3077–9. https://doi.org/10.1245/s10434-010-1362-z PMID: 20882416

7. Schmidt B, Yoon SS. D1 versus D2 lymphadenectomy for gastric cancer. J Surg Oncol. 2012;

107:259–64. https://doi.org/10.1002/jso.23127 PMID: 22513454

8. Coburn NG, Swallow CJ, Kiss A, Law C. Significant regional variation in adequacy of lymph node

assessment and survival in gastric cancer. Cancer. 2006; 107:2143–51. https://doi.org/10.1002/cncr.

22229 PMID: 17001662

9. Jiao X-G, Deng J-Y, Zhang R-P, Wu L-L, Wang L, Liu H-G, et al. Prognostic value of number of exam-

ined lymph nodes in patients with node-negative gastric cancer. WJG. 2014; 20:3640–8. https://doi.org/

10.3748/wjg.v20.i13.3640 PMID: 24707149

10. Son T, Hyung WJ, Lee JH, Kim YM, Kim H-I, An JY, et al. Clinical implication of an insufficient number

of examined lymph nodes after curative resection for gastric cancer. Cancer. 2012; 118:4687–93.

https://doi.org/10.1002/cncr.27426 PMID: 22415925

11. Bouvier A-M, Haas O, Piard FO, Roignot P, Bonithon-Kopp C, Faivre J. How many nodes must be

examined to accurately stage gastric carcinomas? Cancer. 2002; 94:2862–6. https://doi.org/10.1002/

cncr.10550 PMID: 12115373

Effect of maximal lymph node examination

PLOS ONE | https://doi.org/10.1371/journal.pone.0174814 March 31, 2017 11 / 13

https://doi.org/10.4132/jptm.2015.09.10
http://www.ncbi.nlm.nih.gov/pubmed/26498010
http://www.ncbi.nlm.nih.gov/pubmed/15125471
https://doi.org/10.5230/jgc.2011.11.2.94
http://www.ncbi.nlm.nih.gov/pubmed/22076209
https://doi.org/10.1245/s10434-010-1362-z
http://www.ncbi.nlm.nih.gov/pubmed/20882416
https://doi.org/10.1002/jso.23127
http://www.ncbi.nlm.nih.gov/pubmed/22513454
https://doi.org/10.1002/cncr.22229
https://doi.org/10.1002/cncr.22229
http://www.ncbi.nlm.nih.gov/pubmed/17001662
https://doi.org/10.3748/wjg.v20.i13.3640
https://doi.org/10.3748/wjg.v20.i13.3640
http://www.ncbi.nlm.nih.gov/pubmed/24707149
https://doi.org/10.1002/cncr.27426
http://www.ncbi.nlm.nih.gov/pubmed/22415925
https://doi.org/10.1002/cncr.10550
https://doi.org/10.1002/cncr.10550
http://www.ncbi.nlm.nih.gov/pubmed/12115373
https://doi.org/10.1371/journal.pone.0174814


12. Lee SR, Kim HO, Son BH, Shin JH, Yoo CH. Prognostic Significance of the Metastatic Lymph Node

Ratio in Patients with Gastric Cancer. World J Surg. 2012; 36:1096–101. https://doi.org/10.1007/

s00268-012-1520-5 PMID: 22382768

13. Kong S-H, Lee H-J, Ahn HS, Kim J-W, Kim WH, Lee KU, et al. Stage Migration Effect on Survival in

Gastric Cancer Surgery With Extended Lymphadenectomy. Annals of Surgery. 2012; 255:50–8. https://

doi.org/10.1097/SLA.0b013e31821d4d75 PMID: 21577089

14. Zhou Y, Zhang J, Cao S, Li Y. The evaluation of metastatic lymph node ratio staging system in gastric

cancer. Gastric Cancer. 2012; 16:309–17. https://doi.org/10.1007/s10120-012-0190-1 PMID:

22945599

15. Qiu M-Z, Li Q, Wang Z-Q, Liu T-S, Liu Q, Wei X-L, et al. HER2-positive patients receiving trastuzumab

treatment have a comparable prognosis with HER2-negative advanced gastric cancer patients: A pro-

spective cohort observation. International Journal of Cancer. 2013; 134:2468–77. https://doi.org/10.

1002/ijc.28559 PMID: 24155030

16. Kutlu OC, Watchell M, Dissanaike S. Metastatic lymph node ratio successfully predicts prognosis in

western gastric cancer patients. Surgical Oncology. Elsevier Ltd; 2015; 24:84–8. https://doi.org/10.

1016/j.suronc.2015.03.001 PMID: 25912951

17. Wang J, Dang P, Raut CP, Pandalai PK, Maduekwe UN, Rattner DW, et al. Comparison of a Lymph

Node Ratio–Based Staging System With the 7th AJCC System for Gastric Cancer. Annals of Surgery.

2012; 255:478–85. https://doi.org/10.1097/SLA.0b013e31824857e2 PMID: 22330040

18. Wang J, Hassett JM, Dayton MT, Kulaylat MN. The Prognostic Superiority of Log Odds of Positive

Lymph Nodes in Stage III Colon Cancer. J Gastrointest Surg. 2008; 12:1790–6. https://doi.org/10.1007/

s11605-008-0651-3 PMID: 18709510

19. Sun Z, Xu Y, Li DM, Wang ZN, Zhu GL, Huang BJ, et al. Log odds of positive lymph nodes. Cancer.

2010; 116:2571–80. https://doi.org/10.1002/cncr.24989 PMID: 20336791

20. Qiu M-Z, Qiu H-J, Wang Z-Q, Ren C, Wang D-S, Zhang D-S, et al. The Tumor-Log Odds of Positive

Lymph Nodes-Metastasis Staging System, a Promising New Staging System for Gastric Cancer after

D2 Resection in China. Lo AWI, editor. PLoS ONE. 2012; 7:e31736–9. https://doi.org/10.1371/journal.

pone.0031736 PMID: 22348125

21. Zhang B-Y, Yuan J, Cui Z-S, Li Z-W, Li X-H, Lu Y-Y. Evaluation of the prognostic value of the metastatic

lymph node ratio for gastric cancer. Am. J. Surg. 2014; 207:555–65. https://doi.org/10.1016/j.amjsurg.

2013.05.004 PMID: 24124661

22. Nio Y, Tsubono M, Kawabata K, Masai Y, Hayashi H, Meyer C, et al. Comparison of survival curves of

gastric cancer patients after surgery according to the UICC stage classification and the General Rules

for Gastric Cancer Study by the Japanese Research Society for gastric cancer. Annals of Surgery. Lip-

pincott, Williams, and Wilkins; 1993; 218:47. PMID: 8328829

23. Lorenzon L, Mercantini P, Ferri M, La Torre M, Sparagna A, Balducci G, et al. Lymph-node ratio classifi-

cation strongly correlates with cancer survivals of patients who underwent r0 resection for gastric can-

cer with more than 15 nodes harvested. Eur Surg Res. 2014; 53:1–10. https://doi.org/10.1159/

000360937 PMID: 24854388

24. Alatengbaolide, Lin D, Li Y, Xu H, Chen J, Wang B, et al. Lymph Node Ratio Is an Independent Prognos-

tic Factor in Gastric Cancer After Curative Resection (R0) Regardless of the Examined Number of

Lymph Nodes. American Journal of Clinical Oncology. 2013; 36:325–30. https://doi.org/10.1097/COC.

0b013e318246b4e9 PMID: 22547011

25. Aurello P, Catracchia V, Petrucciani N, D’Angelo F, Leonardo G, Picchetto A, et al. What is the role of

nodal ratio as a prognostic factor for gastric cancer nowadays? Comparison with new TNM staging sys-

tem and analysis according to the number of resected nodes. Am Surg. 2013; 79:483–91. PMID:

23635583

26. Wong J, Rahman S, Saeed N, Lin H-Y, Almhanna K, Shridhar R, et al. Prognostic Impact of Lymph

Node Retrieval and Ratio in Gastric Cancer: a U.S. Single Center Experience. J Gastrointest Surg.

2013; 17:2059–66. https://doi.org/10.1007/s11605-013-2380-5 PMID: 24129828

27. Nelen SD, van Steenbergen LN, Dassen AE, van der Wurff AAM, Lemmens VEPP, Bosscha K. The

lymph node ratio as a prognostic factor for gastric cancer. Acta Oncologica. 2013; 52:1751–9. https://

doi.org/10.3109/0284186X.2012.754991 PMID: 23317142

28. Zen W-J, Hu W-Q, Wang L-W, Yan S-G, Li J-D, Zhao H-L, et al. Lymph node ratio is a better prognosti-

cator than lymph node status for gastric cancer: A retrospective study of 138 cases. Oncol Lett.

2013;1693–1700. https://doi.org/10.3892/ol.2013.1615 PMID: 24260064

29. Lee S-Y, Hwang I, Park Y-S, Gardner J, Ro JY. Metastatic lymph node ratio in advanced gastric carci-

noma: A better prognostic factor than number of metastatic lymph nodes? Int J Oncol. 2010; 36:1461–

7. PMID: 20428770

Effect of maximal lymph node examination

PLOS ONE | https://doi.org/10.1371/journal.pone.0174814 March 31, 2017 12 / 13

https://doi.org/10.1007/s00268-012-1520-5
https://doi.org/10.1007/s00268-012-1520-5
http://www.ncbi.nlm.nih.gov/pubmed/22382768
https://doi.org/10.1097/SLA.0b013e31821d4d75
https://doi.org/10.1097/SLA.0b013e31821d4d75
http://www.ncbi.nlm.nih.gov/pubmed/21577089
https://doi.org/10.1007/s10120-012-0190-1
http://www.ncbi.nlm.nih.gov/pubmed/22945599
https://doi.org/10.1002/ijc.28559
https://doi.org/10.1002/ijc.28559
http://www.ncbi.nlm.nih.gov/pubmed/24155030
https://doi.org/10.1016/j.suronc.2015.03.001
https://doi.org/10.1016/j.suronc.2015.03.001
http://www.ncbi.nlm.nih.gov/pubmed/25912951
https://doi.org/10.1097/SLA.0b013e31824857e2
http://www.ncbi.nlm.nih.gov/pubmed/22330040
https://doi.org/10.1007/s11605-008-0651-3
https://doi.org/10.1007/s11605-008-0651-3
http://www.ncbi.nlm.nih.gov/pubmed/18709510
https://doi.org/10.1002/cncr.24989
http://www.ncbi.nlm.nih.gov/pubmed/20336791
https://doi.org/10.1371/journal.pone.0031736
https://doi.org/10.1371/journal.pone.0031736
http://www.ncbi.nlm.nih.gov/pubmed/22348125
https://doi.org/10.1016/j.amjsurg.2013.05.004
https://doi.org/10.1016/j.amjsurg.2013.05.004
http://www.ncbi.nlm.nih.gov/pubmed/24124661
http://www.ncbi.nlm.nih.gov/pubmed/8328829
https://doi.org/10.1159/000360937
https://doi.org/10.1159/000360937
http://www.ncbi.nlm.nih.gov/pubmed/24854388
https://doi.org/10.1097/COC.0b013e318246b4e9
https://doi.org/10.1097/COC.0b013e318246b4e9
http://www.ncbi.nlm.nih.gov/pubmed/22547011
http://www.ncbi.nlm.nih.gov/pubmed/23635583
https://doi.org/10.1007/s11605-013-2380-5
http://www.ncbi.nlm.nih.gov/pubmed/24129828
https://doi.org/10.3109/0284186X.2012.754991
https://doi.org/10.3109/0284186X.2012.754991
http://www.ncbi.nlm.nih.gov/pubmed/23317142
https://doi.org/10.3892/ol.2013.1615
http://www.ncbi.nlm.nih.gov/pubmed/24260064
http://www.ncbi.nlm.nih.gov/pubmed/20428770
https://doi.org/10.1371/journal.pone.0174814


30. Xiao L-B, Yu J-X, Wu W-H, Xu F-F, Yang S-B. Superiority of metastatic lymph node ratio to the 7th edi-

tion UICC N staging in gastric cancer. WJG. 2011; 17:5123–30. https://doi.org/10.3748/wjg.v17.i46.

5123 PMID: 22171148

31. Bilici A, Ustaalioglu BBO, Gumus M, Seker M, Yilmaz B, Kefeli U, et al. Is Metastatic Lymph Node Ratio

Superior to the Number of Metastatic Lymph Nodes to Assess Outcome and Survival of Gastric Can-

cer? Onkologie. 2010; 33:101–5. https://doi.org/10.1159/000277927 PMID: 20215800

32. Bunt AM, Hermans J, van de Velde CJ, Sasako M, Hoefsloot FA, Fleuren G, et al. Lymph node retrieval

in a randomized trial on western-type versus Japanese-type surgery in gastric cancer. Journal of Clini-

cal Oncology. 1996; 14:2289–94. https://doi.org/10.1200/JCO.1996.14.8.2289 PMID: 8708719

33. Tamura S, Takeno A, Miki H. Lymph Node Dissection in Curative Gastrectomy for Advanced Gastric

Cancer. International Journal of Surgical Oncology. 2011; 2011:1–8.

34. Strong VE, Yoon SS. Extended Lymphadenectomy in Gastric Cancer Is Debatable. World J Surg.

2013; 37:1773–7. https://doi.org/10.1007/s00268-013-2070-1 PMID: 23649527

35. Huang CM, Lin JX, Zheng CH, Li P, Xie JW, Lin BJ. Effect of negative lymph node count on survival for

gastric cancer after curative distal gastrectomy. European Journal of Surgical Oncology. Elsevier Ltd;

2011; 37:481–7. https://doi.org/10.1016/j.ejso.2011.01.012 PMID: 21371852

Effect of maximal lymph node examination

PLOS ONE | https://doi.org/10.1371/journal.pone.0174814 March 31, 2017 13 / 13

https://doi.org/10.3748/wjg.v17.i46.5123
https://doi.org/10.3748/wjg.v17.i46.5123
http://www.ncbi.nlm.nih.gov/pubmed/22171148
https://doi.org/10.1159/000277927
http://www.ncbi.nlm.nih.gov/pubmed/20215800
https://doi.org/10.1200/JCO.1996.14.8.2289
http://www.ncbi.nlm.nih.gov/pubmed/8708719
https://doi.org/10.1007/s00268-013-2070-1
http://www.ncbi.nlm.nih.gov/pubmed/23649527
https://doi.org/10.1016/j.ejso.2011.01.012
http://www.ncbi.nlm.nih.gov/pubmed/21371852
https://doi.org/10.1371/journal.pone.0174814

