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ABSTRACT

Background: There are no clear guidelines to determine whether to perform D1 or D1+ lymph
node dissection in early gastric cancer (EGC). This study aimed to develop a nomogram for
estimating the risk of extraperigastric lymph node metastasis (LNM).

Materials and Methods: Between 2009 and 2019, a total of 4,482 patients with pathologically
confirmed T1 disease at 6 affiliated hospitals were included in this study. The basic
clinicopathological characteristics of the positive and negative extraperigastric LNM groups
were compared. The possible risk factors were evaluated using univariate and multivariate
analyses. Based on these results, a risk prediction model was developed. A nomogram
predicting extraperigastric LNM was used for internal validation.

Results: Multivariate analyses showed that tumor size (cut-off value 3.0 cm, odds ratio
[OR]=1.886, P=0.030), tumor depth (OR=1.853 for tumors with sm2 and sm3 invasion,
P=0.010), cross-sectional location (OR=0.490 for tumors located on the greater curvature,
P=0.0303), differentiation (OR=0.584 for differentiated tumors, P=0.0070), and
lymphovascular invasion (OR=11.125, P<0.001) are possible risk factors for extraperigastric
LNM. An equation for estimating the risk of extraperigastric LNM was derived from these risk
factors. The equation was internally validated by comparing the actual metastatic rate with
the predicted rate, which showed good agreement.

Conclusions: A nomogram for estimating the risk of extraperigastric LNM in EGC was
successfully developed. Although there are some limitations to applying this model because
it was developed based on pathological data, it can be optimally adapted for patients who
require curative gastrectomy after endoscopic submucosal dissection.

Keywords: Stomach neoplasms; Lymphatic metastasis; Lymph node excision; Nomograms;
Prognosis
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INTRODUCTION

With the increase in surgeries for early gastric cancer (EGC), various function-preserving and
limited treatments have been studied and considered [1-3]. According to the latest Korean
gastric cancer treatment guidelines, endoscopic submucosal dissection (ESD) can be adapted
for differentiated mucosal cancer and undifferentiated cancer <2 cm without ulceration [4].
Other mucosal cancers and clinical T1b tumors are indicated for gastrectomy and D1+ lymph
node dissection (LND) [4]. If the final pathological result of ESD does not meet the criteria
for curative resection, additional gastrectomy with proper LND is needed. However, detailed
information on whether D1 or D1+ LND should be performed has not yet been reported. In
the Japanese gastric cancer treatment guidelines, the conditions for D1 LND are cT1a tumors
that do not meet the criteria for ESD and cT1b differentiated tumor <1.5 cm [5].

Despite the guideline recommendations, no high-level data exist to support the standards
for deciding between D1 and D1+ LND in T1 tumors. In fact, a large number of EGC cases
involve only the perigastric lymph nodes [6,7], and the percentage of lymph node metastases
(LNMs) beyond the perigastric group is relatively low compared to that in stage T2 tumors
[6]. For these reasons, many patients do not require extragastric LND. Although D1+ LND
may not be difficult for experienced surgeons, there may be definite advantages of omitting
extraperigastric LND in some patients who are obese or have adhesions or fibrosis due to
post-ESD status. Moreover, in patients with comorbidities or a history of liver cirrhosis and
pancreatitis, complete extraperigastric LND of the suprapancreatic area can be dangerous,
even in cases of EGC [8-10].

Under these circumstances, it is meaningful to define the patients who require D1+ LND

and those who require only D1 LND. Therefore, we aimed to determine the risk factors

of extraperigastric LNM in EGC. These risk factors should be considered in future risk
estimation models. Using this risk model, a surgeon can determine a more precise plan for
high-risk surgical patients who have been diagnosed with EGC, especially in cases of curative
gastrectomy after non-curative ESD.

MATERIALS AND METHODS

Between April 2009 and December 2019, 10,716 patients who underwent standard curative
gastric cancer surgery at the Catholic Medical Center in Korea were retrospectively reviewed.
Patients who were diagnosed with mucosal or submucosal invasion at the final pathological
stage, underwent curative (RO) resection without a history of previous chemotherapy, and did
not undergo combined resection were enrolled. Patients who underwent additional surgery
after an incomplete endoscopic submucosal resection were also included. Patients who had
undergone a previous gastric operation, had synchronous cancer, or had an inadequate number
of retrieved lymph nodes (<15) were excluded. Patients with insufficient data on differentiation
and ambiguous detailed information, such as the depth of the submucosa (sm), existence of
lymphovascular invasion, and gross shape, were excluded. Patients with uncertain lymph nodes
stations were excluded. A total of 4,482 patients were enrolled in this study.

Basic clinicopathological characteristics including age, sex, American Society of

Anesthesiologists (ASA) classification, underlying disease, clinical stage, pathologic stage,
resection extent, operation time, type of approach, metastatic lymph node number and rate,
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and final pathologic stage were investigated. Pathological staging was performed according
to the American Joint Committee on Cancer/Union (for International Cancer Control 8th
edition) staging system. The circumferential location of the tumor was categorized into

4 classes: great curvature, lesser curvature, anterior wall, and posterior wall. For detailed
analysis, each circumferential location was converted into a dummy variable. Ulcerations
were categorized into 3 groups based on the state of depression in the gross specimen.

Lymph node stations were defined according to the Japanese Gastric Cancer Association [11].
The numbers of retrieved and metastatic lymph nodes are described for each station. The lymph
node stations were categorized into perigastric and extraperigastric groups. For example, in
distal gastrectomy, the perigastric group comprises nos. 1, 3, 4sb, 4d, 5, and 6, whereas the total
gastrectomy contains nos. 1-6. The D1+ group included nos. 8a and 9 for distal gastrectomy and
nos. 8a, 9, and 11p for total gastrectomy. Lymph node station 7 was regarded as an extragastric
lymph node similar to the D1+ lymph nodes because we believed D1+ LND was mandatory if
there were metastatic lymph nodes in lymph node station 7 for clear dissection. Each group was
labelled as positive if a metastatic node was present. The study was approved by the Institutional
Review Board (IRB) of the Catholic Medical Center (IRB No. XC20RIDIO0S5).

Statistical analysis

SAS ver 9.4 (SAS Institute Inc., Cary, NC, USA) was used for the statistical analysis. To
compare the clinicopathological characteristics between the study groups, the y? test was
used for categorical data and an independent t-test was used for continuous data. Regarding
tumor size, the cut-off value was determined using the receiver operating characteristic
(ROC) curve, which was 3.0 cm. Univariate and multivariate analyses were used to identify 5
significant risk factors.

We presented descriptive statistics for continuous variables, including the number of
participants, mean, median, standard deviation, minimum and maximum values, and
interquartile ranges. Subsequently, using the results of the normality test, we performed an
independent t-test or the Wilcoxon rank-sum test for each variable. For categorical variables,
we present the number of participants and their percentages. Finally, the 2 groups were
compared using the y* test or Fisher’s exact test.

Logistic regression was used to calculate the odds ratio (OR) for prognosis using identified
variables related to patient prognosis. Furthermore, we performed a univariate analysis for
each variable to identify significant variables with a 95% confidence interval. Using these
variables, multivariate analysis was performed. We selected the final significant variables for
the complete model during the multivariate analysis. We developed a nomogram to visualize
this new model and individually predict the prognosis of new patients.

RESULTS

A total of 4,482 010,716 patients were included based on the inclusion criteria mentioned
above. Out of the 4,482 patients, 481 were confirmed to have LNM and 363 had LNM in the
perigastric area only, without LNM in lymph node station No. 7 or lymph nodes consistent
with the D1+ area. A total of 118 (2.63%) patients presented with extraperigastric lymph
nodes. The number of patients with metastases in each lymph node group is shown in Fig. 1.
Seventeen patients (0.38%) had LNM in all 3 regions.
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Fig. 1. Status of lymph node metastases according to lymph node station groups.
LN = lymph node.

The basic clinicopathological characteristics between the patient groups with extraperigastric
LNM are shown in Table 1. The 2 groups showed significant differences in tumor depth, size,
differentiation, and combined ulceration.

The percentage of differentiated tumors was 51.97% in the negative group, which was
higher than that in the positive group (42.37%; P=0.034). Ulcerations were categorized into
3 groups. In the positive group, 19.49% of the patients had deep depression and 55.08%
had slight depression, whereas it was 8.52% and 64.71%, respectively, in the negative group
(P<0.001). Before comparing tumor size between the 2 groups, ROC curve analysis was
performed to determine the cut-off value. The cut-off value was set at 3.1 cm with an area
under the curve of 0.7 (P<0.001). The cut-off value was adjusted to 3.0 cm during univariate
and multivariate analyses for clinical usefulness. The positive group had had larger tumors
in size (positive vs. negative=3.94+2.11 cm vs. 2.69£1.80 cm; P<0.001). Tumor depth

was also greater in the positive group. In the positive group, 83.90% of the patients with
extraperigastric LNM had submucosal invasion, whereas only 41.55% in the negative group
had invasion. Furthermore, the tumor depth was categorized as Tla, sm1, sm2, or sm3
according to the pathological report. Within this categorization, the difference between the
2 groups was striking. In the positive group, 69.49% of the patients showed invasion deeper
than the sm2 level, whereas a similar proportion in the negative group remained only up to
Tla (P<0.001).

Univariate and multivariate analyses were performed for factors that showed statistical
significance in the clinicopathological characteristics (Table 2). In the univariate analysis,
tumor size, presence of ulceration, tumor depth, and lymphovascular invasion showed OR>1.
For differentiation, the OR was 0.680 (P<0.041), and the reference was established as an
undifferentiated tumor. Tumor location in the greater curvature showed a negative effect
(OR, 0.540, P=0.5306) with marginal significance. In multivariate analyses, all variables with

a P<0.1 were included. Non-greater curvature location, larger tumor size, undifferentiated
histology, deeper tumor, and the presence of lymphovascular invasion are independent

risk factors for extraperigastric LNM. Ulceration was not considered a risk factor in the
multivariate analysis.
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Table 1. Clinicopathologic characteristics between patient groups due to extraperigastric lymph node metastases

status
Characteristics Whole patients Extraperigastric lymph node metastases P-value
(n=4,482) Positive (n=118) Negative (n=4,364)
Age (yr) 60.71+11.71 62.64+12.02 60.66+11.70 0.069
Sex 0.574
Male 2,845 (63.48) 72 (61.02) 2,773 (63.54)
Female 1,637 (36.52) 46 (38.98) 1,591 (36.46)
BMI (kg/m2) 24.05+3.18 23.83+2.80 24.06+3.19 0.498
Longitudinal location 0.287
Upper third 401 (8.95) 12 (10.17) 389(8.91)
Mid third 1,709 (38.13) 59 (44.07) 1,657 (37.97)
Lower third 2,372 (52.992) 54 (45.76) 2,318 (53.192)
Circumferential location 0.194
Lesser curvature 1,670 (37.29) 47 (39.83) 1,623 (37.22)
Greater curvature 709 (15.83) 11 (9.32) 698 (16.01)
Anterior wall 957 (21.37) 27 (22.88) 930 (21.33)
Posterior wall 1,116 (24.92) 31(26.27) 1,085 (24.88)
Gross type 0.007
o-1 167 (3.73) 4(3.39) 163 (3.74)
0-lla 214 (4.77) 7 (5.93) 207 (4.74)
0-1b 679 (15.15) 13 (11.02) 666 (15.26)
0-llc 1,941 (43.31) 39 (33.05) 1,902 (43.58)
o-11l 240 (5.35) 16 (13.56) 294 (5.13)
Combined 1,241 (27.69) 39 (33.05) 1,202 (27.54)
Tumor size (cm) 2.72+1.82 3.94+2.11 2.69+1.80 <0.001
Differentiation 0.040
Differentiated 2,318 (51.72) 50 (42.37) 2,268 (51.97)
Undifferentiated 2,164 (48.28) 68 (57.63) 2,096 (48.03)
Ulceration <0.001
No depression 1,198 (26.73) 30(25.42) 1,168 (26.76)
Slight depression 2,889 (64.46) 65 (55.08) 2,824 (64.71)
Deep depression 395(8.81) 23 (19.49) 372 (8.52)
Depth <0.001
Mucosa 2,569 (57.33) 19 (16.10) 2,550 (58.45)
Submucosa 1,912 (42.67) 99 (83.90) 1,813 (41.55)
LVI <0.001
Positive 706 (15.75) 88 (74.58) 618 (14.16)
Negative 3,776 (84.25) 30(25.42) 3,746 (85.84)
pT <0.001
Tla 2,570 (57.34) 19 (16.10) 2,551 (58.46)
smi 586 (13.07) 17 (14.41) 569 (13.04)
sm2+sm3 1,326 (29.59) 82 (69.49) 1,244 (28.51)
pN <0.001
NO 4,001 (89.27) 0 (0.00) 4,001 (91.68)
N1 326 (7.27) 52 (44.07) 274 (6.28)
N2 109 (2.43) 34(28.81) 75 (1.72)
N3a 38(0.85) 27 (22.88) 11 (0.25)
N3b 8 (0.18) 5 (4.24) 3(0.07)
p-stage (AJCC 8th) <0.001
IA 4,001 (89.27) 0 (0.00) 4,001 (91.68)
1B 326 (7.27) 52 (44.07) 274 (6.28)
A 109 (2.43) 34(28.81) 75 (1.72)
1B 38(0.85) 27 (22.88) 11 (0.25)
HA 0(0.00) 0(0.00) 0 (0.00)
nB 8(0.18) 5 (4.24) 3(0.07)

Continuous variables were expressed with mean + standard deviation and nominal variables were expressed with

number (percentage).

BMI = body mass index; LVI = lymphovascular invasion; sm = submucosa; AJCC = American Joint Committee on

Cancer.
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Table 2. Univariate and multivariate analysis of possible risk factors for extraperigastric lymph node metastases

Characteristics Univariate analysis Multivariate analysis
OR 95% ClI P-value OR 95% CI P-value

Sex (ref. Female) 0.898 0.617-1.307 0.574
Longitudinal location

Mid (ref. Upper) 1.017 0.538-1.924 0.958

Lower (ref. Upper) 0.755 0.400-1.425 0.386
Cross-sectional location

Lesser curvature (ref. No) 1.118 0.769-1.624 0.559

Greater curvature (ref. No) 0.540 0.289-1.010 0.054 0.490 0.257-0.935 0.030

Anterior wall (ref. No) 1.096 0.709-1.694 0.681

Posterior wall (ref. No) 1.077 0.711-1.632 0.727

Circular (ref. No) 2.993 0.701-12.783 0.139
Tumor size (ref. Small)* 3.277 2.232-4.810 <0.001 1.886 1.257-2.830 0.002
Differentiation (ref. Undifferentiated) 0.680 0.469-0.984 0.041 0.584 0.396-0.861 0.007
Ulceration

Slight depression (ref. No depression) 0.896 0.578-1.389 0.624

Deep depression (ref. No depression) 2.407 1.381-4.196 0.002
pT

sm1 (ref. T1a) 4.011 2.072-7.766 <0.001 1.853 0.908-3.784 0.090

sm2+sm3 (ref. T1a) 8.850 5.348-14.644 <0.001 2.197 1.208-3.996 0.010
LVI: Positive (ref. Negative) 17.780 11.647-27.143 <0.001 11.125 6.764-18.296 <0.001

LVI = lymphovascular invasion; sm = submucosa; OR = odds ratio; Cl= confidence interval.
*Small: tumor size <3.0; Large: tumor size »3.0.

Using the possible risk factors in multivariate analysis, a nomogram was developed to
estimate the risk of extraperigastric LNM (Fig. 2). After calculating the y-value, the probability
of extraperigastric LNM was calculated using logarithmic transformation (Fig. 3).

The actual rate of LNM and the estimated rate calculated using the newly suggested model
were compared. The predicted metastatic rates of all patients were classified into 6 groups
according to the metastatic rate: <0.5%, <1%, <3%, <5%, <10%, and 210%. The internal
validation results are listed in Table 3. In risk group 1, in which the predicted risk was <0.5%,
the actual risk was 0.422%. For risk group 6, which predicted a risk >10%, the actual value
was 15.708%. From the results of the internal validation, there were no significant differences
between the model and actual results.

0 10 20 30 40 50 60 70 80 90 100
1

POintS L 1 1 1 1 1 1 1 1 1
0
Greater curvature (ref. No) —
1 1
Tumor size (ref. small) -
0 0
Differentiation (ref. Undifferentiated) ——
1 1
pT: sm1 (ref. T1) —
0 1
pT: sm2+sm3 (ref. T1) —
0 1
LVI: positive (ref. negative) T !
0
Total points T T T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200 220 240

Linear predictor T T T T T T T T T T T 1
-65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10
Risk of event T T T 1
0.01 0.05 0.10 0.20

Fig. 2. Nomogram for estimating probability of extraperigastric lymph node metastases and risk factor scoring.
LVI = lymphovascular invasion; sm = submucosa.
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= —5.0873 — 0.7129 * (Greater curvature: Yes) + 0.6345 = (Size: Large) — 0.5386

* (Dif ferentiation: Dif ferentiated) + 0.6169 * (pT: sm1) + 0.7870 * (pT: sm2 + sm3)
+ 2.4092 * (LVI: positive)

1
~1+exp(—3Bxy)

P

Fig. 3. Estimating probability of lymph node metastasis using risk estimation equation.
LVI = lymphovascular invasion; sm = submucosa.

Table 3. Internal validation of a nomogram in current study group

Risk Predicted risk of Real risk of Extraperigastric lymph node metastases
group extraperigastric lymph extraperigastric lymph Yes No Total
node metastases (%) node metastases (%) (n=118) (n=4,364) (n=4,482)
1 <0.5 0.422 5] 1,179 1,184
2 <1.0 0.837 12 1,422 1,434
8 <3.0 1.116 13 1,152 1,165
4 <5.0 2.174 1 45 46
5] <10.0 7.960 16 185 201
6 >10.0 15.708 71 381 452
DISCUSSION

The determination of the extent of lymphadenectomy in EGC has drawn the attention

of surgeons. Because the rate of extraperigastric LNM in early-stage patients is relatively
low, there are no detailed guidelines for defining the extent of LND. The present study
investigated the risk of extraperigastric LNM in patients with EGC who underwent surgical
resection. We analyzed 4,482 EGC patients with EGC, with or without LNM. The incidence
of LNM was 10.73% (n=481). Most LNM were limited to the perigastric nodes. The incidence
of extraperigastric nodes, including No. 7 lymph nodes was only 2.63% (n=118). Univariate
and multivariate analyses showed that tumor location, size, depth, differentiation, and
lymphovascular invasion were possible risk factors for extraperigastric LNM. Among these
factors, we built a risk estimation model for extraperigastric LNM. The model fit well with
the study group and could be used to determine precise surgical plans for surgeons with EGC
patients, especially those who underwent ESD. To the best of our knowledge, this is the first
study to develop a detailed nomogram to identify patients at risk of extraperigastric LNM.
This means that we can calculate the percentage of extraperitoneal LNM and differentiate
patients who need D1+ LND from those who only require D1 LND. The power of this study
comes from the difficult patient situations.

The possibility of extraperigastric LNM has been the reason for extensive LND in gastric
cancer treatment. Traditionally, LNM is believed to occur at a station close to the tumor [12].
For early gastric tumors, LNM in the extraperigastric group was relatively low [6]. LNM has
been reported in approximately 1% of ESD candidates [13]. The incidence of LNM varies from
2.6%-10.6% in tumors with submucosal invasion [11], and overlooking LNM can lead to poor
outcomes. Extraperigastric LNM is also a poor prognostic factor compared with perigastric
LNM [14]. In addition, skip metastasis to the extraperigastric area is associated with poor
prognosis [15]. Those studies were performed in both early and advanced gastric cancers. In
EGC, one study showed 2.4% and 2.8% of extraperigastric LNM through stepwise and skip
patterns, respectively [16]. The authors focused on the risk of extraperigastric skip metastasis
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and revealed that tumor size and lymphatic invasion were independent risk factors. This
result is similar to that of our study; however, ours is the first to present a detailed nomogram
for extraperigastric LNM in EGC.

Analysis of the risk factors for LNM for EGC subgroups is beneficial. Therefore, we conclude
that limited D1 LND, which can reduce perioperative complications without increasing the
risk of LNM, should be scrutinized. Defining patients who are suitable only for D1 LND

is important for safety and to avoid unnecessary procedures. A previous study showed

a trend of longer operation time and more blood loss in extended lymphadenectomy,
especially for beginners who performed the surgery in <20-25 cases [17,18]. For experienced
surgeons, extensive dissection of the extraperigastric lymph nodes may not be a significant
burden. However, it is true that complete extraperigastric LND is not an easy procedure for
experienced surgeons. Extraperigastric LND can be related to postoperative complications,
including bleeding around major vessels, anastomotic leakage, and ileus [19]. Another
example is the difference in the morbidity rate of extensive lymphadenectomy between
Eastern and Western patients. Due to the limited number of gastric cancer cases and the
high number of obese patients who have difficulty obtaining adequate intra-abdominal
exposure, Western surgeons have reported higher morbidity and mortality rates [20]. This
is a major reason why several Western surgeons do not reach the threshold for extended
lymphadenectomy [18].

We can identify candidate patients who can benefit from minimizing LND. As elderly patients
tend to have a higher incidence of cardiopulmonary and neurological comorbidities and higher
ASA classification scores [21], the general risk during the perioperative period increases.
Furthermore, patients with various underlying diseases should be considered. Patients with
end-stage renal disease (ESRD) have a higher risk for operation because of the difficulty

in volume status management [22]. In addition to ESRD, patients with liver cirrhosis are
problematic because of their bleeding tendencies due to inadequate hepatic function [23].

This study had some limitations. Because the data were reviewed retrospectively, not all details
could be recognized. For example, tumor depth data must be collected from the pathology
report, which does not reveal the actual clinical T-staging. Generally, clinical staging depends
on gross findings. Therefore, the results may have been underestimated or overestimated.

In cases of underestimation of the T stage, insufficient LND may be performed. Thus, more
frequent post-operative surveillance, such as every 3 months, may be needed.

Furthermore, these data included patients with final pathology that fulfilled the indications
for ESD. Because preoperative studies cannot predict the pathological stage, physicians
decided to perform preoperative imaging studies based on personal experiences. In this
context, the nomogram is notable because it shows the actual circumstances after surgery.

Although this study aimed to develop a prediction model for extraperigastric LNM, the model
itself requires considerable information. Some information was accessible only after surgery.
Furthermore, the suggested model has only been proven by internal validation; external
validation has not yet been performed. When further external validation supports the results,
it could be widely used, and further precise adjustments would also be available. Particularly,
it may be a helpful reference for patients requiring curative gastrectomy after ESD. Further
prospective studies are required for external validation and long-term outcomes.
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In conclusion, we successfully developed a nomogram for estimating the risk of
extraperigastric LNM. Although there are some limitations to applying this model in clinical
practice because it was developed based on pathological data, it can be optimally adapted for
patients who require curative gastrectomy after ESD.
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