
Does a Higher Cutoff Value of Lymph Node Retrieval Substantially

Improve Survival in Patients With Advanced Gastric Cancer?—Time

to Embrace a New Digit

YU-YIN LIU,a,* WEN-LIANG FANG,d,* FRANK WANG,e JUN-TE HSU,a CHUN-YI TSAI,a KENG-HAO LIU,a CHUN-NAN YEH,a TSE-CHING CHEN,b

REN-CHIN WU,b CHENG-TANG CHIU,c TA-SEN YEH
a

Departments of aSurgery, bPathology, and cGastroenterology, Chang Gung Memorial Hospital at Linkou, Chang Gung University College of
Medicine, Taoyuan, Taiwan, Republic of China; dDivision of General Surgery, Taipei Veterans General Hospital, Taipei, Taiwan, Republic of
China; eDepartment of Surgery, School of Medicine,Western Sydney University, Campbelltown, New South Wales, Australia
*Contributed equally.
Disclosures of potential conflicts of interest may be found at the end of this article.

Key Words. Lymph node retrieval • Gastric cancer • Gastrectomy • Long-term survival

ABSTRACT

Background. The present study assessed the impact of the
retrieval of >25 lymph nodes (LNs) on the survival outcome of
patients with advanced gastric cancer after curative-intent
gastrectomy.
Patients and Methods. A total of 5,386 patients who had under-
gone curative gastrectomy for gastric cancer from 1994 to 2011
were enrolled.The clinicopathological parameters and overall sur-
vival (OS) were analyzed according to the number of LNs exam-
ined (�15, n 5 916; 16–25, n 5 1,458; and>25, n 5 3,012).
Results. The percentage of patients with >25 LNs retrieved
increased from 1994 to 2011. Patients in the LN >25 group
were more likely to have undergone total gastrectomy and to
have a larger tumor size, poorer tumor differentiation, and
advanced Tand N stages. Hospital mortality among the LN�15,

LN 16–25, and LN >25 groups was 6.1%, 2.7%, and 1.7%,
respectively (p < .0001). The LN >25 group consistently exhib-
ited the most favorable OS, in particular, with stage II disease
(p 5 .011) when OS was stratified according to tumor stage.
Similarly, the LN >25 group had significantly better OS in all
nodal stages (from N1 to N3b). The discrimination power of the
lymph node ratio (LNR) for the LN �15, LN 16–25, and LN >25
groups was 483, 766, and 1,560, respectively. Multivariate anal-
ysis demonstrated that the LNR was the most important prog-
nostic factor in the LN >25 group.
Conclusion. Retrieving more than 25 lymph nodes during
curative-intent gastrectomy substantially improved survival and
survival stratification of advanced gastric cancer without com-
promising patient safety.The Oncologist 2017;22:97–106

Implications for Practice: D2 lymph node (LN) dissection is currently the standard of surgical management of gastric cancer, which is
rarely audited by a third party. The present study, one of the largest surgical series worldwide, has shown that the traditionally
recognized retrieval of �16 LNs during curative-intent gastrectomy might not be adequate in regions in which locally advanced
gastric cancers predominate.The presented data show that retrieval of >25 LNs, which more greatly mimics D2 dissection, improves
long-term outcomes and survival stratification without compromising patient safety.

INTRODUCTION

Gastric cancer is the fourth most commonly diagnosed cancer
and the second leading cause of cancer-related deathsworldwide,
despite improvement in the techniques of radical resection and
multidisciplinary management [1, 2]. The debate on the extent of
lymphadenectomy that began in the 1980s has resulted in at least
five randomized clinical trials with mixed outcomes [3–7].

However, a trend toward improved survival was shown among
patients undergoing D2 lymphadenectomy without splenectomy
or pancreatectomy [8]. D2 gastrectomy in the management of
gastric cancer is the current reference standard in Eastern Asian
countries and some parts of Europe. However, adherence to D2
dissection has rarely been audited by a third party.
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In 2010, both the 7th edition of the International Union
Against Cancer (UICC)/American Joint Committee on Cancer
(AJCC) TNM system [9] and the 14th Japanese gastric cancer
classification [10] unanimously proposed that the absolute
number of positive lymph nodes, rather than the anatomical
locations, represents nodal staging of gastric cancer. Both the
AJCC classification [9] and National Comprehensive Cancer Net-
work (NCCN) guidelines [11] recommend examination of 16 or
more regional lymph nodes (LN �16) to determine the N sta-
tus. However, several investigators have suggested that the
number of lymph nodes assessed should vary according to the
tumor stage and should be fewer than 15 for early gastric can-
cer and greater than 15 for advanced gastric cancer [12–14].
Furthermore, studies have demonstrated a strong association
between the number of lymph nodes analyzed and improved
survival [15, 16]. As a result, many investigators have proposed
their ideal cutoff values for the number of lymph nodes dis-
sected to accurately stage the disease and achieve local control
[17]. Smith et al. [16], Schwarz and Smith [18], and Chen et al.
[19] argued that the goal of LN �16 dissection appeared insuf-
ficient in the context of locally advanced gastric cancer and rec-
ommended that the minimum goal should be set at 25 (LN
>25). The aim of the present study was to assess the impact of

LN>25 retrieval on the survival outcome and survival stratifica-
tion for patients with gastric cancer undergoing curative-intent
gastrectomy.

PATIENTS AND METHODS

The present retrospective study was based on an analysis of
5,386 patients with gastric cancer who had undergone curative
gastrectomy from 1994 to 2011 at Chang Gung Memorial Hos-
pital in Linkou, and Veteran General Hospital in Taipei. The clini-
copathological data on patient demographics, tumor location,
types of operation, pathological findings, and tumor stage were
obtained from the prospectively collected electronic medical
records designed for registration of gastric cancer [6, 20]. The
type of resection was mainly determined by the anatomic loca-
tion of the tumor. The standard procedure for a distal third
tumor was radical subtotal gastrectomy with reconstruction by
Billroth I, Billroth II, or Roux-en-Y gastrojejunostomy according
to surgeon preference. For a middle or upper third tumor, radical
total gastrectomy with Roux-en-Y esophagojejunostomy was per-
formed. For selected early-stage upper third tumors, radical prox-
imal gastrectomy was performed with esophagogastrostomy
reconstruction. The extent of lymphadenectomy was performed
according to the preoperative imaging findings, intraoperative

Figure 1. The proportion of LN groups by year, AJCC nodal stage, and linear regression analysis is shown. (A): The proportion of LN �15,
LN 16–25, and LN >25 per year from 1994 to 2011, highlighting an increase in the percentage of LN >25. (B): The correlation between
nodal stage and the number of lymph nodes retrieved. (C): Linear regression analysis of percentage of nodal stage N3 versus number of
lymph nodes retrieved in a cohort of 5,386 patients with gastric cancer.
Abbreviations: AJCC, American Joint Committee on Cancer; LN �15,�15 harvested lymph nodes; LN 16–25, 16–24 harvested lymph

nodes; LN>25,�25 harvested lymph nodes.
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Table 1. Clinicopathological data for three groups of resectable gastric cancer patients stratified by number of lymph
nodes retrieved

Parameter

LNs retrieved (n)

p value�15 16–25 >25

Patients (n) 916 1,458 3,012

Age (yr) .006

Mean6 SD 66.26 12.6 64.76 13.2 64.76 13.2

Median 68 67 67

Range 25–102 24–95 22–97
Gender, n (%) <.0001
Male 668 (72.9) 1,017 (69.8) 1,951 (64.8)
Female 248 (27.1) 441 (30.2) 1,061 (35.2)

Type of gastrectomy, n (%) <.0001

Total 211 (23.0) 348 (23.9) 907 (30.1)

Subtotal 705 (77.0) 1,110 (76.1) 2,105 (69.9)
Location, n (%) <.0001
Upper 154 (16.8) 220 (15.1) 567 (18.8)
Middle 227 (24.8) 360 (24.7) 834 (27.7)
Lower 516 (56.3) 828 (56.8) 1,535 (51.0)
Diffuse 19 (2.1) 50 (3.4) 76 (2.5)

Operation year, n (%) <.0001

1994–2001 624 (68.1) 727 (49.9) 1,073 (35.6)

2002–2011 292 (31.9) 731 (50.1) 1,939 (64.4)
Tumor size (cm) <.0001
Mean6 SD 4.06 2.8 4.46 2.9 5.16 3.1
Median 3.5 3.9 4.5
Range 0.2–24.0 0.1–23.0 0.1–27.0

Differentiation <.0001

Yes 486 (53.1) 723 (49.6) 1,346 (44.7)

No 430 (46.9) 735 (50.4) 1,666 (55.3)
T stage <.0001
T1 314 (34.3) 465 (31.9) 701 (23.3)
T2 113 (12.3) 188 (12.9) 374 (12.4)
T3 93 (10.2) 173 (11.9) 658 (21.8)
T4 396 (43.2) 632 (43.3) 1,279 (42.5)

N stage <.0001

N0 526 (57.4) 685 (47.0) 1,087 (36.1)

N1 162 (17.7) 189 (13.0) 399 (13.2)

N2 128 (14.0) 258 (17.7) 451 (15.0)

N3a 100 (10.9) 240 (16.5) 535 (17.8)

N3b 0 86 (5.9) 540 (17.9)
Pathological stage <.0001
I 381 (41.6) 539 (37.0) 829 (27.5)
II 213 (23.3) 293 (20.1) 604 (20.1)
III 322 (35.2) 626 (42.9) 1,579 (52.4)

LN retrieved (n) <.0001

Mean6 SD 10.76 3.6 20.76 2.8 40.46 13.2

Median 11 21 37

Range 1–15 16–25 25–129
Resection margins, n (%) .006
Negative 858 (93.7) 1,381 (94.7) 2,893 (96.0)
Positive 58 (6.3) 77 (5.3) 119 (4.0)

Lymphatic invasion, n (%) <.0001

Yes 395 (44.6) 690 (48.1) 1,704 (57.1)

No 491 (55.4) 746 (51.9) 1,279 (42.9)
Vascular invasion, n (%) .397
Yes 79 (9.0) 153 (10.7) 294 (9.9)
No 803 (91.0) 1,280 (89.3) 2,689 (90.1)

Hospital mortality, n (%) 56 (6.1) 39 (2.7) 51 (1.7) <.0001
Abbreviation: LN, lymph node.
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assessment of macroscopic lymph node involvement, surgeon
preference, and the patient’s general condition. The surgical
specimens and lymph nodes were examined by pathologists spe-
cializing in gastric cancer using the updated edition of the UICC/
AJCC TNM staging system, which was then converted to the sev-
enth edition at the time of our analysis [9]. For the purposes of
the present study, the patients were divided into three groups
according to the number of lymph nodes retrieved: patients with
� 15 harvested lymph nodes (LN�15), patients with 16–25 har-
vested lymph nodes (LN 16–25), and patients with >25 har-
vested lymph nodes (LN >25). The lymph node ratio (LNR) was
defined as the ratio between metastatic and examined lymph
nodes. Clinical outcome was evaluated from the date of surgery
to the date of the last follow-up visit or December 31, 2012. Peri-
operative deaths were excluded from the survival analysis.

Statistical Analysis
Numerical data are expressed as the mean6 SD. Clinical
records were compared using Fisher’s exact test, Pearson’s chi-
square test, or the analysis of variance test, as appropriate.

Linear regression analysis was used to estimate the relationship
between the proportion of N3 disease and the number of
lymph nodes retrieved. The Kaplan-Meier method was used to
assess survival outcomes, and differences were analyzed using
the log-rank test. The optimal cutoff values were chosen for the
LNR according to the survival tree using R software, version
3.1.3 (March 9, 2015; R Core Team, available at http://www.
r-project.org). The potentially relevant factors obtained from
the univariate analysis were assessed in the multivariate model
using Cox’s regression. A p value of<.05 was considered statis-
tically significant. Statistical analyses were performed using
SPSS for Windows, version 13 (SPSS, Inc., Chicago, IL, http://
www.ibm.com).

RESULTS

The proportion of LN �15, LN 16–25 and LN >25 by year is
shown in Figure 1A. A trend toward a greater percentage of LN
>25 was seen over the years. The AJCC nodal stage correlated
with the number of lymph nodes retrieved (Fig. 1B). Specifically,

Figure 2. Comparisons of OS stratified by overall stage and nodal stage. (A): Comparisons of OS for LN�15, LN 16–25, and LN>25 groups
stratified by all stages and stage I, II, and III. (B): Comparisons of OS for LN�15, LN 16–25, and LN>25 groups stratified by nodal stage.

Abbreviations: LN�15, � 15 harvested lymph nodes; LN 16–25, 16–24 harvested lymph nodes; LN>25, �25 harvested lymph nodes;
OS, overall survival.
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N3 disease was strongly associated with the number of retrieved
lymph nodes (r25 .72; Fig. 1C). The patient demographics and
clinicopathological data of the three groups are listed in Table 1.
The percentage of LN >25 was 65.4% from 2002 to 2011 com-
pared with 43.4% from 1994 to 2001 (p< .0001). The LN >25
group was associated with a higher proportion of total gastrec-
tomy, larger tumor size, poorer tumor differentiation, and more
advanced T and N stages compared with the LN �15 and LN
16–25 groups. Hospital mortality was significantly higher in the
LN �15 and LN 16–25 groups than in the LN >25 group (6.1%,
2.7%, and 1.7%, respectively; p< .0001).

The mean overall survival (OS) of the LN >25 group was
131 months compared with 140 months and 138 months in the
LN�15 and LN 16–25 groups, respectively.The apparent poorer
survival outcome was a reflection of the higher proportion
(52%) of patients with stage III disease in the LN >25 group
compared with the LN �15 group (35%) and LN 16–25 group
(42%). When OS was stratified according to the pathological
stage, the LN >25 group consistently exhibited the best OS in
stage I, II, and III disease, although the difference did not reach

statistical significance between the LN 16–25 and LN >25
groups for stage II and III. The difference in OS between the LN
�15 and LN 16n–25 groups in stage II disease also failed to
reach statistical significance (Fig. 2A). With respect to nodal
stage (from N1 to N3b), the LN >25 group had the most favor-
able OS, followed by the LN 16–25 and LN�15 groups (Fig. 2B).

The optimal LNR cutoff values and tiers for each group (LN
�15, LN 16–25, and LN >25) were determined using a survival
tree (Fig. 3A). The LNR tiers were 4, 5, and 7 for LN �15, LN
16–25, and LN >25, respectively. When OS discrimination was
determined using the seventh edition AJCC system, the discrim-
ination power for LN �15, LN 16–25, and LN >25 was 513,
697, and 1,331, respectively (Fig. 3B). When OS discrimination
was determined from the LNR alone, the discrimination power
for LN�15, LN 16–25, and LN >25 was 483, 766, and 1,560,
respectively (Fig. 3C). The LNR conferred better survival discrim-
ination than the nodal staging of the AJCC system when lymph
node retrieval was more than 25. In the multivariate analysis of
prognostic factors in the LN >25 group, age, type of gastrec-
tomy, tumor size, tumor differentiation, LNR, and resection
margins were predictive of survival, but nodal stage and

Figure 2. continued.
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pathological stage failed to reach statistical significance (Table
2). The LNR was the most significant prognostic factor, with a
hazard ratio of 9 in the most advanced tier.

DISCUSSION

In the present study, we reported the data from a cohort of
5,386 patients with resected gastric cancer who had been
treated at the two leading medical centers in Taiwan during an
18-year period, representing one of the largest surgical series
worldwide. A total of 83% of the cohort had a minimal number
of 16 lymph nodes retrieved in compliance with the AJCC [9]
and NCCN [11] guidelines. Wagner et al. [21] investigated the
relationship between the number of regional lymph nodes and
the level of lymphadenectomy in cadavers with gastric cancer.
An average of 27 nodes was found with D2 dissection and an

average of 43 nodes could be retrieved with D3 dissection.

Chen et al. [19] reported that the mean number of lymph
nodes retrieved by D1, D11, and D2 lymphadenectomy was

17, 21, and 28, respectively. Using 25 lymph nodes as the cutoff

value, survival benefits were observed in patients with N2 and
N3 gastric cancer in the LN >25 group compared with those in

the LN <25 group. Our data showed that the median number

of lymph nodes retrieved in the LN �15, LN 16–25, and LN
>25 groups was 11, 21, and 37, respectively. Lymph node

retrieval of more than 25 should be the minimal requirement

for D2 dissection and the benchmark for surgical radicality and
pathological examination.

It is noteworthy that 83% of our cohort had a minimal num-
ber of 16 retrieved lymph nodes. This is comparable to that
reported by Biondi et al. [15] and far superior to the 23%
reported by Smith et al. [16] in 2005 and 42% reported by Mor-
gan et al. [22] in 2015, both of which were based on the

Figure 3. The optimal lymph node ratio (LNR) cutoff values and tiers for each group and overall survival discrimination. (A): Graphic com-
parisons of LNR staging versus seventh-edition American Joint Committee on Cancer (AJCC) nodal staging. The optimal cutoff values and
tiers for each group (LN �15, LN 16–25, LN >25) chosen for the LNR were determined using a survival tree (detailed in the Patients and
Methods section). The “All” bar shows the proportion of each tier of LNR across its own categories. (B): Kaplan-Meier overall survival
curves stratified by AJCC staging system (seventh edition). LN >25 exhibited better survival stratification compared with that of LN �15
and LN 16–25. (C): Kaplan-Meier overall survival curves stratified by AJCC nodal stage (left) and LNR staging system. The LNR tiers
were 4,5, and 7 for LN �15, LN 16–25, and LN >25, respectively. The discrimination power for LN �15, LN 16–25, and LN >25 was
483, 766, and 1,560, respectively, when overall survival was stratified according to LNR. **, Correlation insignificant at the .01 level
(two-tailed).
Abbreviations: LN �15, �15 harvested lymph nodes; LN 16–25, 16–24 harvested lymph nodes; LN >25, �25 harvested lymph

nodes.
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Surveillance, Epidemiology, and End Results database. Biondi
et al. [15] demonstrated that retrieval of 16 or more lymph
nodes was associated with better survival (hazard ratio, 0.59;
p 5 .002). This survival benefit was also observed by Smith
et al. [16]. Our data showed that LN >25 was paradoxically
associated with the poorest OS (p 5 .045) compared with that
of the LN �15 and LN 16–25 groups. This apparent contradic-
tion was due to two distinctions between the series. First, the
stage of disease at diagnosis was different between the series
reported by Biondi et al. [15] and the present study. In the for-
mer, only 25% of cases were classified as locally advanced gas-
tric cancer (stage III), whereas 47% of cases were categorized
as stage III in our study. Second, the percentage of stage III dis-
ease among the LN<16 and LN �16 groups was reported by
Biondi et al. [15] to be similar (23% and 24%, respectively).
However, in our series, the percentage of stage III disease
among the LN �15, LN 16–25, and LN >25 groups was 35%,
42%, and 52%, respectively (p< .0001). When the OS of the
three groups was stratified according to tumor and nodal stage,

LN>25 consistently exhibited the best OS. The survival advant-
age of LN >25 compared with LN 16–25 in patients with N2
and N3 disease is similar to that observed by Chen et al. [19].
Thus, we would recommend that, in regions where population
screening for gastric cancer is not available and advanced gas-
tric cancer predominates at the initial presentation, D2 gastrec-
tomy with LN >25 is more appropriate to avoid the stage
migration phenomenon and provide better locoregional dis-
ease control.

The lymph node ratio was originally developed to over-
come inadequate lymph node retrieval and avoid incorrect
tumor staging. Several studies have shown that the LNR is an
independent prognostic factor that can potentially better strat-
ify for patient survival than the AJCC nodal status [23–27]. In
the U.S. Intergroup 0116 trial [28], 54% of patients underwent
less than D1 lymphadenectomy, 36% underwent D1 lymphade-
nectomy, and only 10% underwent D2 lymphadenectomy. The
number of lymph nodes retrieved and assessed relies on the
attitude of the surgeon on radical-intent dissection and the

Figure 3. continued.
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commitment of the pathologist [29]. Thus, the use of the LNR
might obviate the confounding effect of these variables and
provide a more reliable indication for adjuvant therapy. It
would also permit direct comparisons among different institu-
tions reporting on gastric cancer survival outcomes after gas-
trectomy. Our analysis showed 4, 5, and 7 tiers of LNR for LN
�15, LN 16–25, and LN >25, respectively, that predicted the
survival outcome. The discrimination power for LN�15, LN 16–
25, and LN>25 was 483, 766, and 1,560, respectively, when OS
was stratified by the LNR. This shows that the LNR has excellent
survival discrimination with stepwise increments of lymph
node retrieval. Our multivariate analysis, which revealed the
LNR as the most important prognostic factor in the setting of
LN >25, further confirmed that a higher cutoff value for lymph
node retrieval not only substantially enhances long-term sur-
vival per se, but also helps in the delicate survival stratification
that would be vital in individualizing gastric cancer treatment
strategies.

It is important to note that the pursuit of higher lymph
node retrieval in the present study did not come at the expense

of patient safety. This was reflected by the comparable hospital
mortality rates between the LN 16–25 and LN >25 groups
(2.7% vs. 1.7%). In our experience, most patients in the LN�15
group underwent less extensive lymph node dissection because
of early disease status, medical comorbidities, morbid obesity,
age (oldest old), or frailty. In contrast, patients in the LN >25
group were generally medically fit to undergo standard D2
gastrectomy.

Our study had several limitations. Owing to the retrospec-
tive nature of the study design, the extent of lymph node dis-
section could have been influenced by patient factors or
surgeon preference. Selection bias in this setting could have
considerably confounded the OS. The high percentage of LN
>25 and the low hospital mortality rate achieved in the present
study might not be easily reproducible in other hospitals
because the two participating hospitals are highvolume medi-
cal centers that perform more than 200 radical gastrectomies
annually at each institution [6, 18]. Finally, the number of
lymph nodes retrieved might have been influenced by patient,
disease, surgeon, and pathologist factors.

Figure 3. continued.
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Table 2. Univariate and multivariate analysis of prognostic factors in resectable gastric cancer patients with lymph node
retrieval >25

Factor Mean (mo) 95% CI of mean p value HR 95% CI of HR p value

Age (yr) <.0001

�70 (n 5 1,799) 138.0 132.9–143.0 1.432 1.270–1.614 <.0001

>70 (n 5 1,162) 117.4 109.8–125.0 1

Gender .063

Male (n 5 1,911) 127.8 122.7–132.9

Female (n 5 1,050) 136.4 129.7–143.2

Gastrectomy <.0001

Total (n 5 889) 104.3 96.9–111.7 1.269 1.073–1.500 .005

Subtotal (n 5 2,072) 142.3 137.5–147.1 1

Location <.0001

Upper (n 5 558) 122.0 112.5–131.5 1.066 0.876–1.297 .525

Middle (n 5 825) 138.5 130.6–146.4 1

Lower (n 5 1,506) 133.2 127.6–138.8 1.094 0.940–1.274 .245

Diffuse (n 5 72) 44.3 29.1–59.6 1.271 0.931–1.736 .131

Tumor size (cm) <.0001

�4.9 (n 5 1,569) 164.1 158.9–169.3 1

>4.9 (n 5 1,381) 92.5 86.9–98.1 1.234 1.084–1.405 .001

Differentiation <.0001

Yes (n 5 1,326) 149.4 143.5–155.2 1

No (n 5 1,635) 116.0 110.4–121.6 1.267 1.119–1.434 <.001

Depth of invasion <.0001

T1 (n 5 694) 208.5 203.3–213.7 1

T2 (n 5 369) 172.9 162.3–183.5 2.019 1.382–2.947 <.001

T3 (n 5 642) 114.4 105.4–123.4 3.358 2.383–4.730 <.0001

T4 (n 5 1,256) 82.6 77.2–88.1 4.064 2.909–5.678 <.0001

Nodal status <.0001

N0 (n 5 1,081) 196.3 191.3–201.3

N1 (n 5 389) 154.2 143.6–164.8

N2 (n 5 440) 116.3 106.8–125.8

N3a (n 5 525) 64.9 57.6–72.1

N3b (n 5 526) 39.2 33.0–45.3

Pathological stage <.0001

I (n 5 824) 208.3 203.5–213.1

II (n 5 594) 166.5 158.1–174.9

III (n 5 1,543) 72.6 67.9–77.4

LNR <.0001

�0.01 (n 5 1,091) 196.3 191.3–201.3 1

0.02–0.04 (n 5 280) 159.2 146.9–171.3 1.710 1.267–2.308 <.001

0.05–0.10 (n 5 284) 141.9 128.7–155.1 2.018 1.509–2.697 <.0001

0.11–0.15 (n 5 209) 106.9 93.5–120.2 2.725 2.030–3.657 <.0001

0.16–0.35 (n 5 490) 73.1 65.2–81.0 4.161 3.213–5.389 <.0001

0.36–0.56 (n 5 311) 43.7 35.6–51.7 6.290 4.792–8.255 <.0001

0.57–1.00 (n 5 296) 29.3 23.1–35.6 9.072 6.846–12.022 <.0001

Resection margins <.0001

Negative (n 5 2,848) 134.6 130.5–138.8 1

Positive (n 5 113) 39.6 28.8–50.3 1.511 1.208–1.889 <.001

Lymphatic invasion <.0001

No (n 5 1,268) 184.0 178.8–189.2 1

Yes (n 5 1,665) 90.0 84.8–95.2 1.138 0.941–1.376 .182

Vascular invasion <.0001

No (n 5 2,644) 137.7 133.4–142.0 1

Yes (n 5 288) 66.4 54.9–77.9 1.157 0.985–1.358 .076

Abbreviations: CI, confidence interval; HR, hazard ratio; LNR, ratio of metastatic to retrieved lymph nodes.
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CONCLUSION
The traditionally recognized LN �16 retrieval after curative-
intent gastrectomy might not be adequate in regions where
locally advanced gastric cancer predominates. Our data show
that LN >25 improves the long-term outcome and survival
stratification without compromising patient safety.
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