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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 pTl, pT2, and pT4 stages, it is recommended to retrieve 26, 31 and 45 LN,

respectively.
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Core Tip: The prognostic value of quantitative assessments of the number of retrieved
lymph nodes (RLNSs) 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.

9
INTRODUCTION

Gastric cancer (GC) is the sixth most common malignant tumor in the world, with more
than 860000 deaths each yearl!l. The depth of tumor invasion - lymph node (LN)

metastasis - distant metastasis (TINM) staging system issued by the Union for
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International Cancer Control and the American Joint Committee on Cancer (AJCC) is
the global standard for GC stagingl2?l. LN metastasis of tumor cells is one of the most
common forms of GC metastasis/4?. Therefore, surgeons performed LN dissection
based on the perigastric lymphatic pathways to control metastasis. Karpeh et all®l 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 8th
edition staging system divided GC patients into stages pN3a and pN3b according to
MLNSs based on pN3 stage, which was effective in clinical applications 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
patientsl”l. For the evaluation of MLNs, sufficient numbers of retrieved LNs (RLNs)
need to be acquired during surgery and confirmed by postoperative pathological
examinationl8l. At present, D2/D2 + LN dissection is the standard lymphadenectomy
for GCPL. Compared with D1, expanded LN dissection may effectively control LN
metastasis to prolong patient survivalll®!ll and clear potential metastatic LNs(!2l. Smith
et al3] found that for pT1/2NO0 patients, every 10 additional RLNs may be associated
with a 7.6% increase in overall survival (OS). However, the linear relationship shows
that MLNSs are positively correlated with RLNsI'"7], 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/!8l. 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/’®l. 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
orﬁ)atient prognosis.

This study retrospectively analyzed patients who underwent radical GC surgery in

the Gastrointestinal Surgery Department of the Cancer Hospital Affiliated to Harbin
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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.

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)[°l.

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 2013SR087424,
http:/ /www.sgihmu.com), including sex, age, tumor location, tumor size, histological
type, pT stage, pN staging, efc. The above content was in compliance with the eighth
edition of AJCC regulations/3l.

Oxaliplatin + capecitabine (XELOX) or oxaliplatin + S-1 (SOX) are the primary
treatment options for patients in pathological stages II to ITI. 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.
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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)[™1. The relationship between RLNs and hazard ratios (HRs) at each stage, pT1-
pT4, was assessed by a restricted cubic spline modell20l. 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)[2!], 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
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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

2
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 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
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 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 RLNSs, 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
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46,501 (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 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
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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 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 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, R2 = 0.0135; P = 0.0011,
R2=0.0142; P <0.0001, R2 =0.1118; P < 0.0001, R2 = 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
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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, MLNs, 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(132223]. Smith ef all'3l 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 RLNs 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 pNI1 stagesi?sl. 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 than 15 LNs or D1 resection(2223],
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
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early GC is still poor, and the risk of LN metastasis is highl262]. Osumi et all?®l found
that the frequency of LNs also increased with increasing macroscopic tumor diameter.
In addition, Choi et all2%] 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 all?’l. 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 MLNs. 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 ef al®! 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®!l 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 LNs 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!!214l. 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
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when RLNs were appropriately increased to 46 was 100%. The applicability of the
cutoff values of our RLNs 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.

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% wvs 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 worsel3233, 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 enlargementP+®], and extensive LN dissection
may compromise the patients’ immune system function!®l, 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,

ich is consistent with previous studies on RLNs[*738. However, we found that the
survival rate of patients with RLNs > 55 ywas 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

12 /16




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 8t 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 poorl3l. Zhang et
al®l 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
MLNSs increase with RLNs, 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 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 al38 (45 vs 31). Zhang et all®! 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 MLNS, 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.

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
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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 pTl-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 retrieve 45 LNs.

ARTICLE HIGHLIGHTS

esearch 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 MLNSs, sufficient numbers of retrieved
LNs (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.
Research motivation

4
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
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To discuss how to obtain a more accurate count of MLNs based on RLNss 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 MLNs. Restricted cubic splines were
used to analyze the relationship between RLNs and hazard ratiog (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
RLNSs 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.
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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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