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Abstract

BACKGROUND
The prognostic value of quantitative assessments of the number of retrieved
lymph nodes (RLNs) in gastric cancer (GC) patients needs further study.

AIM

To discuss how to obtain a more accurate count of metastatic lymph nodes
(MLNs) based on RLNs in different pT stages and then to evaluate patient
prognosis.

METHODS

This study retrospectively analyzed patients who underwent GC radical surgery
and D2/D2+ LN dissection at the Cancer Hospital of Harbin Medical University
from January 2011 to May 2017. Locally weighted smoothing was used to analyze
the relationship between RLNs and the number of MLNSs. Restricted cubic splines
were used to analyze the relationship between RLNs and hazard ratios (HRs), and
X-tile was used to determine the optimal cutoff value for RLNs. Patient survival
was analyzed with the Kaplan-Meier method and log-rank test. Finally, HRs and
95% confidence intervals were calculated using Cox proportional hazards models
to analyze independent risk factors associated with patient outcomes.

RESULTS

A total of 4968 patients were included in the training cohort, and 11154 patients
were included in the validation cohort. The smooth curve showed that the
number of MLNs increased with an increasing number of RLNs, and a nonlinear

1230 November 27,2022 | Volume14 | Issuell |


https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v14.i11.1230
mailto:xueyingwei@hrbmu.edu.cn

Jaishideng®

Wang H et al. LN cutoff value in GC

relationship between RLNs and HRs was observed. X-tile analysis showed that the optimal
number of RLNs for pT1-pT4 stage GC patients was 26, 31, 39, and 45, respectively. A greater
number of RLNs can reduce the risk of death in patients with pT1, pT2, and pT4 stage cancers but
may not reduce the risk of death in patients with pT3 stage cancer. Multivariate analysis showed
that RLNs were an independent risk factor associated with the prognosis of patients with pT1-pT4
stage cancer (P = 0.044, P = 0.037, P = 0.003, P < 0.001).

CONCLUSION

A greater number of RLNs may not benefit the survival of patients with pT3 stage disease but can
benefit the survival of patients with pT1, pT2, and pT4 stage disease. For the pT1, pT2, and pT4
stages, it is recommended to retrieve 26, 31 and 45 LNs, respectively.

Key Words: Gastric cancer; Metastatic lymph nodes; Number of retrieved lymph nodes; Prognosis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The prognostic value of quantitative assessments of the number of retrieved lymph nodes
(RLNs) in gastric cancer (GC) patients needs further study. The purpose of this study was to discuss how
to obtain a more accurate count of metastatic LNs based on RLNs according to different pT stages and
then to evaluate the prognosis of patients. Our results showed that the optimal number of RLNs for pT1-
pT4 stage GC patients were 26, 31, 39 and 45, respectively. A greater number of RLNs can reduce the risk
of death in patients with pT1, pT2, and pT4 stage cancers but may not pT3 stage.

Citation: Wang H, Yin X, Lou SH, Fang TY, Han BL, Gao JL, Wang YF, Zhang DX, Wang XB, Lu ZF, Wu JP,
Zhang JQ, Wang YM, Zhang Y, Xue YW. Metastatic lymph nodes and prognosis assessed by the number of
retrieved lymph nodes in gastric cancer. World J Gastrointest Surg 2022; 14(11): 1230-1249
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INTRODUCTION

Gastric cancer (GC) is the sixth most common malignant tumor in the world, with more than 860000
deaths each year[1]. The depth of tumor invasion - lymph node (LN) metastasis - distant metastasis
(TNM) staging system issued by the Union for International Cancer Control and the American Joint
Committee on Cancer (AJCC) is the global standard for GC staging[2,3]. LN metastasis of tumor cells is
one of the most common forms of GC metastasis[4,5]. Therefore, surgeons performed LN dissection
based on the perigastric lymphatic pathways to control metastasis. Karpeh et al[6] found that compared
with the location of LN metastasis, the number of metastatic LNs (MLNs) was more important in
determining the prognosis of GC patients. The AJCC 8™ edition staging system divided GC patients into
stages pN3a and pN3b according to MLNs based on pN3 stage, which was effective in clinical applic-
ations for evaluating patient prognosis. Therefore, accurate assessment of MLNs is critical for
determining the prognosis of GC patients.

Radical gastrectomy and LN dissection are necessary for the long-term survival of GC patients|[7]. For
the evaluation of MLNs, sufficient numbers of retrieved LNs (RLNs) need to be acquired during surgery
and confirmed by postoperative pathological examination[8]. At present, D2/D2 + LN dissection is the
standard lymphadenectomy for GC[9]. Compared with D1, expanded LN dissection may effectively
control LN metastasis to prolong patient survival[10,11] and clear potential metastatic LNs[12]. Smith et
al[13] found that for pT1/2NO patients, every 10 additional RLNs may be associated with a 7.6%
increase in overall survival (OS). However, the linear relationship shows that MLNs are positively
correlated with RLNs[14-17], indicating that insufficient RLNs may lead to stage migration. The pN
stage determined by RLNs might thus be affected and differ from the actual pN stage, which causes
errors in subsequent treatment and assessment of prognosis[18]. Furthermore, a previous study showed
that evaluating the optimal number of RLNs based on pT staging can not only enhance the accuracy of
staging but also better predict patient prognosis[13]. In this context, we analyzed RLNs according to a
more accurate pT stage based on clinical application and discussed how to obtain accurate MLNs
through RLNs for precise staging and the influence of RLNs on patient prognosis.

This study retrospectively analyzed patients who underwent radical GC surgery in the
Gastrointestinal Surgery Department of the Cancer Hospital Affiliated to Harbin Medical University
from January 2011 to May 2017. We analyzed the suitable RLNs in pT1-pT4 stages based on pT stage
and explored their relationship with long-term patient survival.
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MATERIALS AND METHODS

Patients

This study retrospectively analyzed patients who underwent radical GC surgery and D2/D2 + LN
dissection at the Affiliated Tumor Hospital of Harbin Medical University from January 2011 to May
2017. The diagnosis of GC was based on tissue samples obtained from preoperative gastroscopy, which
were further confirmed by professional pathologists through tissue collected during surgery. The
surgical method and LN dissection were performed in accordance with the Japanese GC Treatment
Guidelines (Fifth Edition)[19].

The exclusion criteria for this study were as follows: (1) Tumor located in the whole stomach; (2)
Preoperative chemotherapy; (3) Patients with a history of other malignant tumors; and (4) Remnant GC.
The clinicopathological data of the patients were stored in the GC information management system v1.2
of the Affiliated Tumor Hospital of Harbin Medical University (copyright number 20135R087424,
http:/ /www.sgihmu.com), including sex, age, tumor location, tumor size, histological type, pT stage,
pN staging, etc. The above content was in compliance with the eighth edition of AJCC regulations[3].

Oxaliplatin + capecitabine (XELOX) or oxaliplatin + S-1 (SOX) are the primary treatment options for
patients in pathological stages II to III. Due to the long time span, to ensure the accuracy of this study,
we included only patients who received complete chemotherapy at our institution, for a total of 1119
patients. The remaining patients were not included in the postoperative chemotherapy patient group
because these patients did not complete all postoperative chemotherapy regimens in our institution, and
most of the patients returned to local hospitals for treatment after surgery and did not have complete
chemotherapy records.

All patients were followed up after surgery: Stage I patients every 12 mo, stage II patients every 6 mo,
and stage III patients every 3-6 mo. Follow-up was conducted by telephone, fax, e-mail, or in the
outpatient complex building of the Affiliated Tumor Hospital of Harbin Medical University. Follow-up
included complete blood cell analysis, biochemical examination, tumor markers, gastroscopy, and
abdominal ultrasonography, and some patients underwent computed tomography (CT)/positron
emission tomography-CT examination according to their condition.

Validation cohort

Data for the validation cohort were obtained from the National Cancer Institute Surveillance,
Epidemiology, and End Results Program (http://seer.cancer.gov/) provided by SEER*Stat software.
We included patients diagnosed with GC between 2010 and 2016 to ensure a minimum follow-up of 5
years. Patients with incomplete or missing records of tumor invasion depth, LNs status, and distant
metastasis status were excluded, and then pT staging and pN staging were reverified according to the
eighth edition of the AJCC staging manual. The screening process is shown in Figure 1.

Statistical methods

OS was defined as the follow-up time from the time of operation to the time of death or the last date of
follow-up. If the patient was alive at the last follow-up, it was included in this study, expressed by the
mean * SD and the 5-year survival rate. The relationship between RLNs and MLNSs at each stage was
analyzed using locally weighted smoothing (LOESS)[19]. The relationship between RLNs and hazard
ratios (HRs) at each stage, pT1-pT4, was assessed by a restricted cubic spline model[20]. X-tile software
was used to calculate the optimal cutoff value of RLNs for the prognosis of pT1-pT4 GC (X-Tile version
3.6.1 Yale University, New Haven, CT)[21], and then the Kaplan-Meier method and log-rank test were
used to evaluate the effect of the best cutoff value of the number of RLNs in each stage, pT1-pT4, on
prognosis. The chi-square test was used to analyze the relationship between the optimal cutoff value of
RLNs in each stage, pT1-pT4, and the clinicopathological characteristics of patients. HRs and 95%
confidence intervals were calculated using a Cox proportional hazards model. In all analyses, P < 0.05
was considered statistically significant. All analyses were performed using R software (version 4.1.2)
and SPSS (version 25 for Windows).

RESULTS

Patient characteristics
Ultimately, at our institution, a total of 4968 patients were included in the study as a training cohort
(Table 1). Among them, there were 1106 patients in the pT1 stage, 745 patients in the pT2 stage, 1583
patients in the pT3 stage, and 1534 patients in the pT4 stage. In the entire cohort, the median number of
RLNs was 27 (range 1-95), with 2062 pNO stage patients, 927 pN1 stage patients, 893 pN2 stage patients,
and 1086 pN3 stage patients according to postoperative pathological examinations.

For the Surveillance, Epidemiology, and End Results (SEER) database, after excluding patients
according to the exclusion criteria, 11154 patients were finally included in the study as a validation
cohort (Figure 1). Among them, there were 2746 pT1 patients, 1534 pT2 patients, 4570 pT3 patients, and
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Table 1 Clinical and pathological characteristics of patients in the training cohort and validation cohort

Training cohort Validation cohort
Characteristics Pvalue
n = 4968 n=11154
Sex <0.001
Male 3634 (73.1) 7214 (64.7)
Female 1334 (26.9) 3940 (35.3)
Age (yr) <0.001
<60 2845 (57.3) 3418 (30.6)
> 60 2123 (42.7) 7736 (69.4)
Tumor location <0.001
Upper third 552 (11.1) 3954 (35.4)
Middle third 811 (16.3) 1248 (11.2)
Lower third 3605 (72.6) 5952 (53.4)
Tumor size (mm) <0.001
<50 3225 (64.9) 6813 (61.1)
>50 1743 (35.1) 4341 (38.9)
Histological type <0.001
Well -moderately differentiated 2056 (41.4) 3402 (30.5)
Poorly-undifferentiated 2204 (44.4) 4197 (37.6)
Signet ring cell 397 (8.0) 1899 (17.0)
Others 311 (6.3) 1656 (14.8)
pT stage <0.001
pT1 1106 (22.3) 2746 (24.6)
pT2 745 (15.0) 1534 (13.8)
pT3 1583 (31.9) 4570 (41.0)
pT4 1534 (30.9) 2304 (20.7)
pN stage <0.001
pNO 2062 (41.5) 5411 (48.5)
pN1 927 (18.7) 2039 (18.3)
pN2 893 (18.0) 1768 (15.9)
pN3 1086 (21.9) 1936 (17.4)
pTNM <0.001
I 1445 (29.1) 3476 (31.2)
II 1383 (27.8) 3821 (34.3)
I 2140 (43.1) 3857 (34.6)
RLNs, median (range) 27 (1-95) 16 (1-90)
Chemotherapy <0.001
No/unknown 3769 (75.9) 5191 (46.5)
Yes 1199 (22.5) 5963 (53.5)

Tumor location, tumor size, pTNM stage, histological type and the number of removed lymph nodes were determined according to the postoperative
pathology report. Statistically significant P values are in bold (P < 0.05).
RLNSs: Retrieved lymph nodes.
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Finally, 11154 patients were included in the validation cohort

DOI: 10.4240/wjgs.v14.i11.1230 Copyright ©The Author(s) 2022.

Figure 1 Flow chart of Surveillance, Epidemiology, and End Results database screening process based on exclusion criteria. GC: Gastric
cancer; SEER: Surveillance, Epidemiology, and End Results.
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Figure 2 Number of lymph nodes examined for each stage subgroup in the training cohort. A: pT1; B: pT2; C: pT3; D: pT4. LNs: Lymph nodes.

2304 pT4 patients. In the entire validation cohort, the median number of RLNs was 16 (range 1-90), with
5411 pNO stage patients, 2039 pN1 stage patients, 1768 pN2 stage patients, and 1936 pN3 stage patients
according to postoperative pathological examinations (Table 1).

Analysis of the number of LNs retrieved in the pT1-pT4 stage subgroups
The absolute and relative frequencies of RLNs in each subgroup at the pT1-pT4 stages in the training
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Figure 3 Number of lymph nodes examined for each stage subgroup in the validation cohort. A: pT1; B: pT2; C: pT3; D: pT4. LNs: Lymph nodes.
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cohort are shown in Figure 2, and the absolute and relative frequencies of RLNs in each subgroup at the
pT1-pT4 stages in the validation cohort are shown in Figure 3. In the training cohort, for pT1, 16 or more
LNs were enucleated in 77.9% of patients, with a median of 23 (range 1-79) of 26862 RLNs, for pT2, 16 or
more LNs were enucleated in 87.4% of patients, with a median of 25 (range 4-95) of 20193 RLNs, for
pT3, 16 or more LNs were enucleated in 90.4% of patients, with a median of 28 RLNs of 46501 (range 4-
84), for pT4, 91.7% of patients had 16 or more enucleated LNs, there were 47936 RLNs, and the median
was 29 (range 2-86). The LOESS nonlinear trend showed that MLNs in each subgroup showed an
upward trend with increasing RLNs (Figures 4A-D), whereas for the pT1 stage, the nonlinear trend
indicated that when the number of RLNs exceeded approximately 50, the MLNs decreased with
increasing RLNs.

Evaluation of the effect of the number of LNs retrieved on patient survival

To assess the relationship between RLNs and mortality risk, we performed a restricted cubic spline
model analysis (Figures 5A-D). For pT1, pT2, and pT4 stages, the smooth curve shows that HRs
decrease with the increase in RLNs. For pT3, the smooth curve shows that HRs increase with the
increase in RLNs. The results showed that the number of LNs retrieved may affect patient survival.
However, the trend in HRs and RLNs in the pT3 stage was opposite that in the pT1 stage, pT2 stage,
and pT4 stage. To further verify the effect of RLNs on patient survival, every 10 LNs was taken as the
cutoff point. That is, fewer than 5 LNs were removed, and 6-15 LNs were removed until more than 55
LNs were retrieved. Table 2 lists the 5-year survival rates based on RLNs in each subgroup, increasing at
intervals of every 10 LNs. For patients with pT1, pT2, and pT4 stage cancers, adding RLNs prolonged
the 5-year patient survival rate, but for patients with pT3 stage cancer, adding RLNs did not prolong the
5-year patient survival rate.

Influence of the optimal cutoff value of LNs retrieved in each pT1-pT4 stage subgroup on the survival
of patients

Since a nonlinear relationship between RLNs and HRs was observed in each subgroup at the pT1-pT4
stages, we analyzed survival differences among these patients by X-tile software (Figure 6). The results
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Table 2 Five-year overall survival by the number of retrieved lymph nodes in the training cohort

No. of retrieved lymph nodes

pT stage P value
1-5 (No., %) 6-15 (No., %) 16-25 (No., %) 26-35(No., %) 36-45(No.,%) 46-55(No., %) 55+ (No., %)

pT1 20 900 223 891 403 925 303 94.4 110 91.0 31 100.0 16 1000 0210

pT2 3 667 86 821 280 84.3 223 86.4 98 913 39 87.1 11 1000 0371

pT3 4 500 148 700 486 64.8 531 61.7 267 603 98 62.4 42 485 0.172

pT4 3 333 124 459 439 51.0 460 583 296 55.2 135 674 77 561 0.005

No: The number of patients. The five-year overall survival rate is presented as %.
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Figure 4 The association between the number of examined lymph nodes and the number of metastatic lymph nodes locally weighted
smoothing in the Chinese training cohort. A: pT1; B: pT2; C: pT3; D: pT4. The shaded area is the 95% confidence interval. LNs: Lymph nodes.

showed that for the pT1 stage, the best cutoff values for RLNs were 12 and 26, for the pT2 stage, the best
cutoff values for RLNs were 17 and 31, or pT3, the best cutoff values for RLNs were 19 and 39, and for
pT4, the best cutoff values for RLNs were 16 and 45. After that, subgroup survival analysis was
performed according to the best cutoff alue of RLNs in each substage. Increasing RLNs can improve
prognosis of patients with pT1, pT2, and pT4 stages hile may not improve prognosis of patients with
pT3 stage. In addition, chi-square analysis showed that for pT1 stage and pT3 stage cancers, with the
increase in RLNs, the proportion of patients younger than 60 years old gradually increased, and there
was a statistically significant correlation (P < 0.001, P = 0.002). For stages pT1, pT3, pT4, pN stage
increased with the optimal cutoff value of the number of removed LNs, and there was a statistically
significant association (P < 0.001, P < 0.001, P < 0.001) (Table 3).

To verify the relationship between the optimal cutoff value of RLNs in this study and the long-term
survival of patients, we used the SEER validation cohort to validate the pT1-pT4 subgroup (Figure 7).
Increasing RLNs can improve prognosis of patients with pT1-pT4 stages. Chi-square analysis found that
for pT1-pT4, with the increase in RLNs, the proportion of patients less than 60 years old gradually
increased, and pN stage increased with the optimal cutoff value for the number of removed LNs, and
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Table 3 Chi-square analysis of the number of removed lymph nodes and patient characteristics in the pT1-pT4 subgroups in the Chinese training cohort

pT1 (1106), RLNs pT2 (745), RLNs pT3 (1583), RLNs pT4 (1534), RLNs
Characteristics Pvalue P value Pvalue P value
<12 13-25 226 <17 18-30 231 <19 20-38 239 <16 17-44 245
Sex 0.114 0.803 0.006 0.132
Male 112 353 320 109 274 188 230 677 240 119 851 161
Female 31 150 140 32 80 62 73 295 68 43 286 74
Age (yr) <0.001 0.699 0.002 0.273
<60 74 302 323 80 214 152 137 523 183 82 637 138
> 60 69 201 137 61 140 98 166 449 125 80 500 97
Tumor location 0.003 0.216 0.036 0.025
Upper third 17 24 19 17 34 15 54 139 36 34 137 26
Middle third 14 59 68 17 40 37 63 164 68 25 211 45
Lower third 112 420 373 107 280 198 186 669 204 103 789 164
Tumor size (mm) 0.005 0.004 <0.001 <0.001
<50 139 477 417 129 287 196 202 514 147 87 549 81
> 50 4 26 43 12 67 54 101 458 161 75 588 154
Histological type 0.008 0.689 0.878 0.145
Well-moderately differentiated 67 273 229 67 160 104 125 378 116 73 391 73
Poorly-undifferentiated 39 153 158 63 148 113 122 426 141 75 631 135
Signet ring cell 14 36 43 6 24 17 36 113 32 7 57 12
Others 23 41 30 ) 22 16 20 55 19 7 58 15
pN stage <0.001 0.128 <0.001 <0.001
pNO 125 43 374 85 195 127 112 241 62 54 220 37
pN1 15 49 45 32 80 57 86 206 54 41 240 22
pN2 3 22 28 21 50 40 68 237 64 42 275 43
pN3 0 2 13 ) 29 26 37 288 128 25 402 133
pTNM 0.014 0.045 <0.001 0.003
I 140 479 419 85 195 127 0 0 0 0 0 0
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Tumor location, tumor size, pTNM stage, histological type and the number of removed lymph nodes were determined according to the postoperative pathology report. Statistically significant P values are in bold (P < 0.05).
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there was a statistically significant association (Table 4).

Stage migration

For the pT1-pT4 stages, a scatter plot and linear regression showed that the number of positive LNs
detected by pathology increased with the number of LNs removed during surgery, and this result was
statistically significant (P = 0.0001, R*= 0.0135; P = 0.0011, R?= 0.0142; P < 0.0001, R*= 0.1118; P < 0.0001,
R?=0.1364) (Figures 8A-D).

Multivariate analysis of the prognosis of patients with pT1-pT4 stage cancer

Finally, multivariate analysis showed that age, tumor location, MLNs, and RLNs were independent risk
factors associated with the prognosis of patients with pT1 stage cancer. Age, MLNs, and RLNs were
independent risk factors associated with the prognosis of patients with pT2 stage cancer. Age, tumor
size, MLNs, and RLNs were independent risk factors associated with the prognosis of patients with pT3
stage cancer. Age, tumor size, MLNs, and RLNs were independent risk factors associated with the
prognosis of patients with pT4 stage cancer (Table 5).

In the SEER validation cohort, sex, age, tumor location, MLNs, and RLNs were associated with
prognosis in patients with pT1 stage independent risk factors. Age, tumor location, tumor size, MLNSs,
RLNs and chemotherapy were independent risk factors associated with the prognosis of patients with
pT2 stage cancer. Age, tumor size, MLNs, and RLNs were independent risk factors associated with the
prognosis of patients with pT3 stage cancer. Age, tumor location, tumor size, MLNs, and RLNs were
independent risk factors associated with the prognosis of patients with pT4 stage cancer (Table 6).

DISCUSSION

In clinical practice, pT stage according to the depth of tumor invasion can effectively assess patient
prognosis, and the risk of LN metastasis increases as pT stage increases[13,22,23]. Smith et al[13]
analyzed the optimal number of RLNs by pT staging and found that for the pNO and pN1 stages of
different pT stages, increasing RLNs could prolong prognosis and improve stage migration, and when
RLNSs reached 40, prognosis could be significantly improved. Chinese GC patients are mostly in the
advanced stage, and the frequency of LN metastasis is high. For different pT stages, RLNs < 15 cannot
achieve accurate staging of pNO and pN1 stages[24]. However, for patients with extensive LN
metastasis (pN2-pN3), the appropriate number of RLNs cannot be effectively determined. In addition,
although the LN metastasis rate can help to avoid stage migration, it is suitable for the removal of less
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Table 4 Chi-square analysis of the number of removed lymph nodes and patient characteristics in the pT1-pT4 subgroups in the Surveillance, Epidemiology, and End Results validation cohort

pT1 (2746), RLNs PT2 (1534), RLNs pT3 (4570), RLNs pT4 (2304), RLNs
Characteristics P value P value P value P value
<12 13-24 225 s17 18-30 231 <19 20-38 239 <16 17-44 245
Sex 0.521 0.263 0.033 0.668
Male 727 678 288 584 305 121 1988 1012 223 576 630 82
Female 428 439 186 316 138 70 775 469 103 448 511 57
Age (yr) 0.018 0.049 0.006 0.054
<60 278 305 145 252 133 64 869 499 130 306 384 53
> 60 877 810 329 648 410 127 1894 982 196 718 757 86
Tumor location 0.008 0.001 <0.001 <0.001
Upper third 354 382 140 348 168 54 1391 709 93 159 143 13
Middle third 134 139 81 93 59 39 188 146 54 109 172 34
Lower third 667 596 253 459 216 98 1184 626 179 756 826 92
Tumor size (mm) 0.575 0.009 <0.001 0.002
<50 966 934 387 695 314 132 1581 749 149 443 417 46
> 50 189 183 87 205 129 59 1182 432 177 581 724 93
Histological type 0.648 0.945 0.951 0.193
Well-moderately differentiated 538 502 217 304 138 67 782 427 86 169 147 25
Poorly-undifferentiated 316 314 141 304 158 62 1212 628 144 397 469 52
Signet ring cell 187 193 64 123 58 26 406 228 51 238 288 37
Others 114 108 52 169 89 36 363 198 45 220 237 25
PN stage <0.001 <0.001 <0.001 <0.001
pNO 1008 885 369 547 255 9 1196 526 94 253 166 16
pN1 115 148 53 216 91 39 664 275 48 236 135 19
pN2 28 63 30 106 52 31 561 311 53 298 212 21
pN3 4 21 22 31 45 25 342 369 129 237 628 83
pTNM <0.001 <0.001 <0.001 <0.001
I 1123 1033 422 547 255 96 0 0 0 0 0 0
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than 15 LNs or D1 resection[22,25], whereas our study mostly focuses on D2 resection of 16 LNs.
Therefore, pT stage was used as the basis to assess the number of RLNs in this study, which could be
used to accurately assess patient prognosis. For patients with few RLNs, we suggest that more attention
is needed, and active treatment may improve the prognosis of such patients.

Although early GC has a better prognosis, patient prognosis of patients still differs significantly.
When accompanied by lymphatic and vascular invasion, the prognosis of early GC is still poor, and the
risk of LN metastasis is high[26,27]. Osumi et al[26] found that the frequency of LNs also increased with
increasing macroscopic tumor diameter. In addition, Choi et al[28] performed a more detailed grouping
of pN staging according to the location of LN metastasis and achieved good applicability. In this study,
we found that 16% of pT1 stage GC patients developed LN metastasis, and 18% of pT1 stage GC
patients in the SEER validation cohort developed LN metastasis. This proportion is also consistent with
the proportion of LN metastases found in 11% of pT1 GC patients by Yoshikawa et al[29]. For pT2 stage
cancer, 45.4% of the patients in the database of this study had LN metastasis, and 41.9% of the patients
in the SEER validation cohort had LN metastasis, which indicates that pT1 and pT2 GC are in earlier
stages. The smooth curve shows that for pT1 stage and pT2 stage cancer, MLNs and RLNs have a
positive trend, but for pT1 stage cancer, when RLNs are approximately 50, the number of MLNs shows
a downward trend, which may be related to the lower risk of LN metastasis in early GC. This finding
also means that increasing the numbers of RLNs may not result in more MLNSs. It is still necessary to
accurately evaluate LN status.

Minimally invasive surgeries, such as laparoscopy, are mostly used in early GC, which is beneficial to
enhance patients’ postoperative recovery. In a laparoscopy-related study, Lee et al[30] found no
significant difference in OS between laparoscopic surgery and traditional open surgery for early GC and
no significant difference in the number of LNs removed (laparotomy: 36.4 vs laparoscopy: 36). An et al
[31] found no significant difference in disease-free survival between laparoscopic and open surgery for
early-stage GC, whereas there was still no significant difference in the number of LNs removed
(laparotomy: 24 vs laparoscopic: 26). These results support the hypothesis that, regardless of the
indications for minimally invasive treatment, sufficient LN still need to be removed in patients with
early-stage GC, independent of the technique employed. Our smooth curve findings also support this
hypothesis, which is consistent with previous studies[12-14]. For early-stage GC, we found that removal
of more than 26 LNs can significantly improve patient prognosis, and the 5-year survival rate of patients
when RLNs were appropriately increased to 46 was 100%. The applicability of the cutoff values of our
RLNSs has been well validated in the SEER database, which also includes people of different races, such
as white, black, and Asian individuals. This finding also shows that the cutoff value of RLNs in this
study had good applicability and clinical potential.
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Figure 5 Association between the number of examined lymph nodes and the hazard ratios in the Chinese training cohort. A: pT1; B: pT2; C:
pT3; D: pT4. The blue line represents the estimated hazard ratios, and the shaded area is the 95% confidence interval. LNs: Lymph nodes; HRs: Hazard ratios.
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For GC patients at the pT3 stage, both the smooth curve and the survival curve indicate that
increasing numbers of RLNs may not prolong patient long-term survival, and the 5-year survival rate of
cases with more than 39 RLNs is lower than those with less than 19 RLNs (57.7% vs 68.3%), which is
contrary to the conclusion of the SEER database validation cohort. Chi-square analysis of the difference
between the database in this study and the SEER database found that for pT3 stage patients, regardless
of the training cohort or validation cohort, there was a statistically significant correlation between the
number of RLNs and age. In the training cohort, the proportion of young GC patients increased
significantly with the number of RLNs, whereas the opposite was true in SEER. Relevant studies have
shown that GC is more aggressive among young patients and that the prognosis is worse[32,33]. In
addition, a large number of perigastric LNs are associated with antitumor immunity. When tumors are
detected by the immune system, it can lead to local LN enlargement[34,35], and extensive LN dissection
may compromise the patients’ immune system function[36]. In addition, there is stage migration in
patients in pT3, and we cannot determine whether the poorer prognosis of patients with higher RLNs is
because the discovery of more MLNs masks the actual therapeutic benefit of LN dissection. Therefore,
both of the above factors may be responsible for this opposite survival trend.

For GC patients at the pT4 stage, both the smooth curve and the survival curve indicate that
increasing numbers of RLNs may prolong patients” long-term survival, which is consistent with
previous studies on RLNs[37,38]. However, we found that the survival rate of patients with RLNs > 55
was lower than that of patients with RLNs < 55. Since only 77 patients had RLNs < 55, we think this
finding may be due to the small sample size, which also needs to be expanded for verification.
Nevertheless, the trend in the survival curves suggested that an increase in RLNs can improve
prognosis, and it was well validated in SEER, which also suggested that the increase in RLNs could help
improve the prognosis of patients with pT4 stage disease. Clearly, increasing the number of RLNs is
particularly important for local control in advanced stages of the disease. In the AJCC 8" edition staging
system, when patients with pT4a or pT4b stage have LN metastases, the final pTNM stage is classified
as stage III. Although treatment methods have been improved, the prognosis of stage III GC is still poor
[39]. Zhang et al[40] found that for patients in the T4 stage, if the number of MLNs was > 21, the
prognosis was similar to that at stage IV. In this study, the smooth curve shows that MLNs increase with
RLNSs, which also means that there may be high-risk patients in pT4 stage with a similar prognosis to
stage IV. Therefore, increasing the number of RLNs may guarantee accurate TNM staging and can help
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Figure 6 Estimation of the cutoff value of retrieved lymph nodes using X-tile software and overall survival curves of pT1-pT4 patients
stratified by the estimated cutoff value in the Chinese training cohort. A and B: pT1; C and D: pT2; E and F: pT3; G and H: pT4. LNs: Lymph nodes.

differentiate such high-risk patients. We also found that if 45 LNs are removed, the long-term survival
may be prolonged significantly, which is also suitable for GC patients of different regions and races in
the SEER database. However, the cutoff value for RLNs is different from that in Zhang et al[38] (45 vs
31). Zhang et al[38] included only patients without LN metastasis, and we think that it may have caused
the difference found in the included samples. Chi-square analysis found that when RLNs were > 45, the
proportion of patients in pN3 stage increased significantly, and linear regression showed that there was
a significant correlation between RLNs and MLNSs, all of which indicated that some patients in pT4
stage had low to high TNM stage. Therefore, the increase in RLNs is helpful for accurate staging and
local control of LNs, but this finding also needs to be confirmed by follow-up studies.
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Figure 7 The overall survival curves of pT1-pT4 patients in the validation cohort stratified according to the estimated cutoff value. A: pT1;

B: pT2; C: pT3; D: pT4.
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Table 5 Prognostic factors of patients with gastric cancer by univariate and multivariate analyses based on Cox regression analysis in

the Chinese validation cohort

Multivariate analysis, pT1 Multivariate analysis, pT2 Multivariate analysis, pT3 Multivariate analysis, pT4

Characteristics
HR (95%Cl) Pvalue HR (95%Cl) Pvalue HR (95%Cl) Pvalue HR (95%Cl) P value
Sex - - - =
Male
Female
Age 1.056 (1.030- <0.001 1.048 (1.024- <0.001 1.016 (1.007- <0.001 1.021 (1.013- <0.001
1.082) 1.072) 1.025) 1.029)
Tumor location 0.034 = 0.122 =
Upper third 1 1
Middle third 0.384 (0.151- 0.043 0.828 (0.623- 0.192
0.972) 1.100)
Lower third 0.413 (0.209- 0.011 0.783 (0.619- 0.040
0.815) 0.989)
Tumor size (mm) - = <0.001 <0.001
<50 1 1
> 50 1.435 (1.201- 1.422 (1.209-
1.715) 1.671)
Histological type = = 0.260 =
Well-moderately differen- 1
tiated
Poorly-undifferentiated 1.133 (0.934- 0.204
1.374)
Signet ring cell 1.305 (0.993- 0.056
1.374)
Others 1.037 (0.993- 0.851
1.716)
MLNs 1.224 (1.133- <0.001 1.067 (1.049- <0.001 1.063 (1.052- <0.001 1.053 (1.044- <0.001
1.322) 1.086) 1.073) 1.063)
RLNs 0.976 (0.954- 0.044 0.979 (0.960- 0.037 0.988 (0.979- 0.003 0.974 (0.967- <0.001
0.999) 0.999) 0.996) 0.981)
Chemotherapy - - - -
Yes
No/unknown

-: Univariate analysis was not statistically significant; RLNs: Retrieved lymph nodes; MLNs: Metastatic lymph nodes.

There were some limitations in this study. First, as a retrospective study, we included patients from
2011 to 2017. Due to the longer time span, some clinical information was missing from our study, such
as carcinoembryonic antigen, programmed cell death-1, and other clinical information, and it may be
difficult to assess the connection between clinicopathological features and RLNs. Second, assessing
patient sensitivity to chemotherapy using RLNs also deserves further study. Therefore, we will supply
clinical information in future clinical studies.

CONCLUSION

Our study shows that RLNs are an independent risk factor associated with the prognoses of pT1-pT4
stage GC patients. The mortality risk of patients with an increasing number of RLNs is not constant. For
patients with pT1, pT2, and pT4 stage cancers, increasing the number of RLNs can prolong patient long-
term survival. However, for patients with pT3 stage cancer, adding RLNs may not improve their long-
term survival. For pT1 stage patients, it is recommended to retrieve at least 26 LNs. For pT2 stage
patients, it is recommended to retrieve at least 31 LNs. For pT4 stage patients, it is recommended to
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Table 6 Prognostic factors of patients with gastric cancer by univariate and multivariate analyses based on Cox regression analysis in

the Surveillance, Epidemiology, and End Results validation cohort

Multivariate analysis, pT1

Multivariate analysis, pT2

Multivariate analysis, pT3 Multivariate analysis, pT4

Characteristics
HR (95%Cl) Pvalue  HR (95%Cl) Pvalue  HR (95%Cl) Pvalue  HR (95%Cl) P value
Sex 0.001 - - -
Male 1
Female 0.712 (0.596-
0.851)
Age 1.044 (1.035- <0.001 1.032 (1.024- <0.001 1.018 (1.014- <0.001 1.018 (1.014- <0.001
1.052) 1.040) 1.022) 1.022)
Tumor location <0.001 <0.001 - 0.007
Upper third 1 1 1
Middle third 0.491 (0.364- <0.001 0.671 (0.496- 0.010 0.883 (0.718- 0.235
0.661) 0.908) 1.085)
Lower third 0.636 (0.534- <0.001 0.603 (0.501- <0.001 1.122 (0.963- 0.140
0.758) 0.726) 1.308)
Tumor size (mm) - 0.004 <0.001 <0.001
<50 1 1 1
>50 1.323 (1.091- 1.172 (1.079- 1.285 (1.157-
1.604) 1.274) 1.427)
Histological type - - - -
Well-moderately differen-
tiated
Poorly-undifferentiated
Signet ring cell
Others
MLNs 1.111 (1.088- <0.001 1.022 (1.013- <0.001 1.024 (1.021- <0.001 1.035 (1.030- <0.001
1.135) 1.030) 1.027) 1.039)
RLNs 0.978 (0.969- <0.001 0.981 (0.973- <0.001 0.986 (0.983- <0.001 0.973 (0.969- <0.001
0.986) 0.990) 0.990) 0.978)
Chemotherapy - 0.002 - -
Yes 1
No/unknown 1.323 (1.110-
1.577)

-: Univariate analysis was not statistically significant; RLNs: Retrieved lymph nodes; MLNs: Metastatic lymph nodes; HR: Hazard ratio; CI: Confidence

interval.
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retrieve 45 LNs.

ARTICLE HIGHLIGHTS

Research background

Gastric cancer (GC) is the sixth most common malignant tumor in the world. The number of metastatic
lymph nodes (MLNs) was more important in determining the prognosis of GC patients. For the
evaluation of MLNs, sufficient numbers of retrieved lymph nodes (RLNs) need to be acquired during
surgery and confirmed by postoperative pathological examination. RLNs based on pT staging can not
only enhance the accuracy of staging but also better predict patient prognosis. However, the prognostic
value of quantitative assessments of the number of RLNs in GC patients needs further study.
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Research motivation
Assessing whether RLNs have prognostic significance for GC of different pT stages will provide a basis
for clinicians to treat and predict the prognosis of GC patients.

Research objectives
To discuss how to obtain a more accurate count of MLNs based on RLNs in different pT stages and then
to evaluate patient prognosis.

Research methods

This study retrospectively analyzed patients who underwent GC radical surgery and D2/D2 + LN
dissection at the Cancer Hospital of Harbin Medical University from January 2011 to May 2017. Locally
weighted smoothing was used to analyze the relationship between RLNs and the number of MLNSs.
Restricted cubic splines were used to analyze the relationship between RLNs and hazard ratios (HRs),
and X-tile was used to determine the optimal cutoff value for RLNs. Patient survival was analyzed with
the Kaplan-Meier method and log-rank test. Finally, HRs and 95% confidence intervals were calculated
using Cox proportional hazards models to analyze independent risk factors associated with patient
outcomes.

Research results

A total of 4968 patients were included in the training cohort, and 11154 patients were included in the
validation cohort. The smooth curve showed that the number of MLNs increased with an increasing
number of RLNs, and a nonlinear relationship between RLNs and HRs was observed. X-tile analysis
showed that the optimal number of RLNs for pT1-pT4 stage GC patients was 26, 31, 39, and 45,
respectively. A greater number of RLNs can reduce the risk of death in patients with pT1, pT2, and pT4
stage cancers but may not reduce the risk of death in patients with pT3 stage cancer. Multivariate
analysis showed that RLNs were an independent risk factor associated with the prognosis of patients
with pT1-pT4 stage cancer (P = 0.044, P = 0.037, P = 0.003, P < 0.001).

Research conclusions

A greater number of RLNs may not benefit the survival of patients with pT3 stage disease but can
benefit the survival of patients with pT1, pT2, and pT4 stage disease. For the pT1, pT2, and pT4 stages, it
is recommended to retrieve 26, 31 and 45 LNs respectively.

Research perspectives

Due to the longer time span, some clinical information was missing from our study, such as tumor
markers and other clinical information. Therefore, we focused on the relationship between RLNs and
some clinicopathological features in the future, as well as the evaluation of the sensitivity of RLNs to
different chemotherapy regimens.
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