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Purpose: Most predictive factors for lymph node metastasis in rectal neuroendocrine tumors (NETs) have been based on local and 
endoscopic resection. We aimed to evaluate the risk factors for lymph node metastasis in patients who underwent radical resection 
for rectal NETs and stratify the risk of lymph node metastasis. 
Methods: Sixty-four patients who underwent radical resection for rectal NETs between January 2001 and January 2018 were includ-
ed. We investigated the risk factors of lymph node metastasis using clinicopathologic data. We also performed a risk stratification for 
lymph node metastases using the number of previously known risk factors. For oncologic outcomes, the 5-year overall survival and 
recurrence-free survival were evaluated in both groups. 
Results: Among the patients who underwent radical surgery, 32 (50.0%) had lymph node metastasis and 32 (50.0%) had non–lymph 
node metastasis. In the multivariable analysis, only the male sex was identified as a risk factor for lymph node metastasis (odds ratio, 
3.695; 95% confidence interval, 1.128–12.105; P= 0.031). When there were 2 or more known risk factors, the lymph node metastasis 
rate was significantly higher than when there were one or no risk factors (odds ratio, 3.667; 95% confidence interval, 1.023–13.143; 
P = 0.046). There was also no statistical difference between the 2 groups in 5-year overall survival (P = 0.431) and 5-year recur-
rence-free survival (P= 0.144). 
Conclusion: We found that the rate of lymph node metastasis increased significantly when the number of known risk factors is 2 or 
more. 
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INTRODUCTION 

The incidence of rectal neuroendocrine tumors (NETs) is rapidly 

increasing as colonoscopy is frequently used as a screening test for 
colorectal cancer [1, 2]. Rectal NETs grow slowly and have a be-
nign course as compared to adenocarcinoma. Most rectal NETs 
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are less than 10 mm in size and are easily removed by endoscopic 
treatment resulting in a good prognosis [3]. However, in 2010, 
the World Health Organization (WHO) and American Joint 
Cancer Commission (AJCC) classified it as a malignant tumor 
that can invade and metastasize to other organs [4]. The progno-
sis of patients with regional or distant metastases is similar to 
that of patients with adenocarcinoma [5]. According to the Sur-
veillance, Epidemiology, and End Results (SEER) database, the 
5-year survival rates of rectal NETs from 1992 to 1999 were 
90.8% for localized, 48.9% for regional metastasis, and 32.3% for 
distant metastasis [6]. 

A crucial aspect of the treatment strategy is the risk assessment 
for lymph node metastasis, which determines whether a local or 
radical resection is needed [7]. Several studies have investigated 
the risk factors for lymph node metastasis in rectal NETs. Accord-
ing to previous studies, tumor size, stage, depth of invasion, angi-
olymphatic invasion (ALI), differentiation, and margin status are 
risk factors that are considered in determining treatment options 
[8]. However, most of these risk factors were determined by local 
resection, including endoscopy, and imaging was used to deter-
mine lymph node metastasis. 

Therefore, we aimed to evaluate the risk factors and risk strati-
fication for lymph node metastasis in patients who underwent 
radical resection for rectal NETs. We also evaluated the long-term 
outcomes of radical surgery for rectal NETs. 

METHODS 

Ethics statement 
This study was approved by the Institutional Review Board of the 
National Cancer Center (No. NCC2020-0154). The need for in-
formed consent was waived due to the retrospective study design. 

Patients 
We retrospectively reviewed the medical records of patients diag-
nosed with rectal NETs at the National Cancer Center (Goyang, 
Korea) between January 2001 and January 2018. Patients with 
concurrent sigmoid, rectosigmoid, rectal adenocarcinomas, or 
distant metastasis of NETs were excluded. Clinical data extracted 
from the medical records included age, sex, endoscopic size, dis-
tance from the anal verge, follow-up period, type of treatment, 
and recurrence. Histopathological evaluation was performed to 
determine the depth of invasion, ALI, and Ki-67 index. Tumor 
size was defined as the largest diameter recorded in the patholog-
ic report. The rectum was within 15 cm of the anal verge on colo-
noscopy, and tumor distance was defined as the distance from 
the anal verge to the tumor. Lymph node metastasis was con-

firmed in the pathological report after radical surgery. After sur-
gery, recurrence was defined as regional when it occurred in the 
lymph nodes around the lesion and distant when it occurred in 
other organs. 

Outcome assessment 
We divided the patients into 2 groups: lymph node metastasis and 
non–lymph node metastasis. The risk factors for lymph node me-
tastasis in patients who underwent radical surgery for rectal NETs 
were studied using clinicopathologic data. We also performed risk 
stratification for lymph node metastases in patients with histo-
pathologically confirmed lymph node metastasis after radical re-
section. Patients were divided into groups according to the num-
ber of previously known risk factors: pathologic tumor size ≥ 10 
mm, ALI, and muscularis propria invasion.  

Overall survival (OS) and recurrence-free survival (RFS) were 
evaluated to study the oncologic outcomes. The OS was defined 
as the time from the date of diagnosis to the date of death. RFS 
was defined as the time from diagnosis to recurrence. Survival 
data were censored on the date of the last follow-up. 

Statistical analysis 
The baseline characteristics of the patients were summarized in 
terms of frequency and percentage for categorical variables and 
median and range (minimum to maximum) for continuous vari-
ables. The 2 groups were compared using the chi-square test or 
Fisher exact test for categorical variables and the 2-sample t-test 
or Wilcoxon rank sum test for continuous variables. To confirm 
the risk factors for lymph node metastasis, a multivariable model 
was created using a factor of P < 0.05 in the univariable logistic 
model or previously known risk factors, and then the final multi-
variable model was selected using the elimination criterion 
(P> 0.05). Survival curves were estimated using the Kaplan-Meier 
method, and survival differences were tested using the log-rank 
test. Statistical significance was set at P< 0.05. All statistical analy-
ses were conducted using R ver. 4.1.2 (R Foundation for Statistical 
Computing). 

RESULTS 

A total of 491 patients were diagnosed with rectal NETs at our in-
stitute. Among them, 16 patients underwent primary radical sur-
gery, and 48 underwent additional surgery after initial endoscopic 
resection or transanal excision. The final number of patients in-
cluded in the study was 64. Patients were divided into 2 groups 
according to the presence or absence of lymph node metastasis: 
32 patients in the group with lymph node metastasis and 32 in the 
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group without lymph node metastasis (Fig. 1). 
The clinicopathologic characteristics of both groups are shown 

in Table 1. The median age was 53.5 years (range, 19–68 years) in 
the non–lymph node metastasis group and 48 years (range, 25–72 
years) in the lymph node metastasis group, without statistical sig-
nificance (P = 0.291). There were more men in the lymph node 
metastasis group than in the non–lymph node metastasis group 
(27 [84.4%] vs. 19 [59.4%], P= 0.026). There were no significant 
differences between the 2 groups in pathologic characteristics, in-
cluding ALI (P= 0.822), tumor size (P= 0.193), depth of invasion 
(P = 0.257), and Ki-67 index (P = 0.107). Two recurrences were 
identified in the lymph node metastasis group without significant 
differences compared with the non–lymph node metastasis group. 

Risk factors and risk stratification for lymph node 
metastasis 
In the univariate analysis, only sex was found to be significantly 
different between the 2 groups (P= 0.026). Previously known risk 
factors such as tumor size, depth of invasion, and ALI were in-
cluded in the multivariable analysis for the risk factors of lymph 
node metastasis (Table 2). Only the male sex was identified as a 
risk factor for lymph node metastasis (odds ratio, 3.695; 95% con-
fidence interval, 1.128–12.105; P= 0.031). 

Although we could not identify the pathologic risk factors for 

lymph node metastasis in rectal NETs, we investigated the lymph 
node metastasis rate according to the number of previously 
known risk factors. As the number of risk factors increased, the 
rate of lymph node metastasis also increased (Table 3). If there 

Fig. 1. Study flowchart. NET, neuroendocrine tumor.

Table 1. Comparison of clinicopathologic characteristics between the 
lymph node metastasis group and non–lymph node metastasis group 
who underwent radical resection procedure (n= 64)

Characteristic
Lymph node metastasis

No (n= 32) Yes (n= 32) P-value
Sex 0.026
 Male 19 (59.4) 27 (84.4)
 Female 13 (40.6) 5 (15.6)
Age (yr) 53.5 (19–68) 48.0 (25–72) 0.291
Body mass index (kg/m2) 24.0 (18.2–33.7) 25.0 (18.1–30.8) 0.472
Distance from the anal 

verge (cm)
6.0 (4–10) 6.5 (2–10) 0.828

Endoscopic size (mm) 
(n= 57)a

0.083

 < 10 18 (64.3) 12 (41.4)
 ≥ 10 10 (35.7) 17 (58.6)
Pathologic size (mm) 0.193
 < 10 23 (71.9) 18 (56.3)
 ≥ 10 9 (28.1) 14 (43.8)
Initial treatment 0.083
 Local excision 27 (84.4) 21 (65.6)
 Low anterior resection 5 (15.6) 11 (34.4)
Depth of invasion 0.257
 Mucosa 0 (0) 1 (3.1)
 Submucosa 30 (93.8) 26 (81.3)
 Muscularis propria 2 (6.3) 5 (15.6)
Angiolymphatic invasion 

(n= 63)a
0.822

 No 7 (22.6) 8 (25.0)
 Yes 24 (77.4) 24 (75.0)
T category 0.426
 T1a, T1b 30 (93.8) 27 (84.4)
 T2, T3 2 (6.3) 5 (15.6)
Ki-67 index (%) (n= 42)a 0.107
 < 3 21 (100) 17 (85.0)
 3–20 0 (0) 4 (15.0)
Mitotic count (mitoses/ 

10 HPFs) (n= 17)a
0.470

 < 2 8 (100) 7 (77.8)
 2–20 0 (0) 2 (22.2)
Recurrence 0.492
 No 32 (100) 30 (93.8)
 Yes 0 (0) 2 (6.2)
Values are presented as number (%) or median (range).
HPF, high-power field.
aPatients who were not recorded in the medical records were excluded 
from the analysis.

491 Diagnosed with rectal NETs

427 Excluded (only endoscopic 
resection or local excision)

16 Had radical surgery

32 Included
(lymph node metastasis)

2 Recurrences

48 Had additional radical surgery
after initial local excision

32 Included
(non-lymph node metastasis)

64 Patients who underwent radical surgery
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Table 2. Logistic regression analysis for the risk factor for lymph node metastasis in rectal neuroendocrine tumor (n= 64, event= 32)

Variable
Univariable analysis Multivariable analysis

OR (95% CI) P-value OR (95% CI) P-value
Sex
 Female 1 (Reference) - 1 (Reference) -
 Male 3.695 (1.128–12.105) 0.031 3.695 (1.128–12.105) 0.031
Age (yr) 0.986 (0.946–1.027) 0.485 - -
Body mass index (kg/m2) 1.036 (0.892–1.203) 0.643 - -
Distance from the anal verge (cm) 1.000 (0.796–1.256) > 0.999 - -
Endoscopic size (mm) (n= 57)a - -
 < 10 1 (Reference) -
 ≥ 10 2.550 (0.875–7.430) 0.086
Pathologic size (mm) - -
 < 10 1 (Reference) -
 ≥ 10 1.988 (0.703–5.624) 0.196
Depth of invasion - -
 Mucosa or submucosa 1 (Reference) -
 Muscularis propria 2.778 (0.497–15.517) 0.244
Angiolymphatic invasion (n= 63)a - -
 No 1 (Reference) -
 Yes 0.875 (0.274–2.796) 0.822
OR, odds ratio; CI, confidence interval.
aPatients who were not recorded in the medical records were excluded from the analysis.

Table 3. Lymph node metastasis according to previously known risk factors
No. of risk factors No. of patients No. of lymph node metastases (%)
0a 6 4 (66.7)
1 43 17 (39.5)
 Tumor size (≥ 10 mm) 8 3 (37.5)
 ALI (+) 34 13 (38.2)
 Muscularis propria invasion (+) 1 1 (100)
2 10 8 (80.0)
 Tumor size (≥ 10 mm) and ALI (+) 9 7 (77.8)
 Tumor size (≥ 10 mm) and muscularis propria invasion (+) 1 1 (100)
 ALI (+) and muscularis propria invasion (+) 0 0 (0)
3 5 4 (80.0)
 Tumor size (≥ 10 mm), ALI (+), and muscularis propria invasion (+) 5 4 (80.0)
ALI, angiolymphatic invasion.
aTumor size (<10 mm), ALI (–), and muscularis propria invasion (–).

were 2 or more risk factors, the lymph node metastasis rate was 
significantly higher than when there was less than 2 risk factor 
(odds ratio, 3.667; 95% confidence interval, 1.023–13.143; 
P= 0.046) (Fig. 2). 

Oncologic outcomes 
The median follow-up period was 70 months (range, 1.64–160.31 
months). The 5-year OS was 100% in both lymph node metastasis 
and non-lymph node metastasis groups, with no statistical differ-

ence (P = 0.431). The 5-year RFS rates were 100% in the non-
lymph node metastasis group and 93.2% in the lymph node me-
tastasis group. There was also no statistically significant difference 
between the 2 groups (P= 0.144) (Fig. 3). 

DISCUSSION 

In this study, we investigated the risk factors for lymph node me-
tastasis in patients who underwent radical resection of rectal 
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Fig. 2. Forest plot of rate of lymph node metastasis according to the number of previously known risk factors. OR, odds ratio; CI, confidence 
interval.

Fig. 3. (A) Overall survival and (B) recurrence-free survival in the lymph node metastasis and the non-lymph node metastasis group.

NETs. Our results showed that the male sex is a clinical risk factor 
for lymph node metastasis. However, we were not able to deter-
mine the pathologic risk factors associated with lymph node me-
tastasis. Instead, we found that as the number of these risk factors 
increased, the rate of lymph node metastasis also increased. It was 
found that lymph node metastasis increased significantly when 
there were 2 or more risk factors. 

In previous studies, due to the low number of patients who un-
derwent radical surgery for rectal NETs, most cases of lymph 
node metastasis were determined by imaging studies at the time 

of diagnosis [2, 9]. Lymph node metastasis was diagnosed when 
the lymph node was round larger than 8 mm, ovoid in shape, 
larger than 10 mm, and when morphology showed speculations, 
irregular margins, and heterogeneous features. However, in our 
study, among 32 patients with lymph node metastasis, only 5 
(15.6%) showed possible lymph node metastasis on preoperative 
imaging, implying that lymph node metastasis should eventually 
be confirmed pathologically. Therefore, our study included pa-
tients with histologically confirmed lymph node metastasis, and 
although it was a relatively small sample size, the incidence of 
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lymph node metastasis was 32 out of 64 (50.0%). In previous 
studies, the rate of lymph node metastasis in patients who under-
went radical surgery was reported to be 47.2% to 54.8% [2, 9], 
which is similar to our results. Most patients undergoing radical 
surgery for rectal NETs have at least 1 previously known risk fac-
tor for lymph node metastasis. We analyzed the correlation be-
tween the number of risk factors and lymph node metastasis and 
found that the rate of lymph node metastasis increased signifi-
cantly when 2 or more risk factors were present. It is necessary to 
confirm this finding through a study with a larger sample size. 

It has been reported that the rate of lymph node metastasis is 
10% when the rectal NETs are 1 to 2 cm in size and 80% to 100% 
if > 2 cm [5, 10]. Accordingly, in previous studies, tumor size 
greater than 1 cm has been considered a risk factor for lymph 
node metastasis. However, there is still no consensus on whether 
local resection, including endoscopic resection or radical surgery, 
should be performed for rectal NETs of this size. In our study, 11 
patients had tumors > 1 cm in size without other risk factors, and 
the lymph node metastasis rate was 37.5%. This suggests that sur-
gery is recommended for tumors > 1 cm in size. Ricci et al. [11] 
performed receiver operating characteristic curve analysis in their 
study and found that the cutoff value for predicting nodal involve-
ment was 11.5 mm. However, even small rectal NETs < 1 cm in 
size are not without the possibility of lymph node metastasis. Soga 
[12] reviewed 777 rectal NETs and found that the metastasis rate 
was 9.7% in rectal NETs <  10 mm. In our study , 4 of 6 patients 
with rectal NETs < 10 mm without other risk factors had lymph 
node metastasis. This implies that the rate of lymph node metas-
tasis may be higher, even in small-sized rectal NETs. In our study, 
the cutoff value for predicting lymph node metastasis was 9 mm 
(Supplementary Fig. 1). We suggest that a more precise criteria 
should be made for tumor size requiring radical surgery. 

In our study, the male sex was found to be an independent risk 
factor for lymph node metastasis. Rectal NETs are known to oc-
cur predominantly in men [13], and this is thought to be due to 
racial differences [14]. However, to date, there have been no re-
ports on the relationship between sex and lymph node metastasis. 
Similar to our study, Concors et al. [2] showed that the male sex 
was an independent risk factor for distant metastasis. We decided 
not to include male patients in the lymph node risk stratification 
because we did not find any explanation for our results. However, 
in addition to known pathological risk factors, we suggest that it 
could have a clinical impact on lymph node metastasis. 

The strength of this study was the identification of risk factors 
in patients who underwent radical surgery for rectal NETs, which 
was histologically confirmed as lymph node metastasis. In addi-
tion, we evaluated whether the number of factors affected the rate 

of lymph node metastasis by combining previously known risk 
factors, which have not been attempted in previous studies. The 
rate of lymph node metastasis increased significantly when 2 or 
more risk factors were present. A large-scale cohort study is re-
quired to confirm our results. 

This study has several limitations. First, the sample size was 
small because it only included subjects who underwent surgery. 
In addition, most of these subjects were high-risk patients with 1 
or more risk factors for lymph node metastasis. Therefore, it is 
possible that confounding factors greatly influenced the determi-
nation of independent risk factors for lymph node metastasis. 
Therefore, we stratified the rate of lymph node metastasis by com-
bining the previously known risk factors and determined the risk 
of lymph node metastasis according to the number of known risk 
factors. Second, as a retrospective study, an accurate analysis was 
impossible because some data, such as mitotic count or tumor 
grade, were unavailable. Third, as a single-center study, it is still 
difficult to apply it to clinical practice. Although a relatively large 
number of cases with rectal NETs were included in this study, fur-
ther multicenter studies are needed to have more statistical power. 
We are currently collecting the data of patients who underwent 
radical surgery for rectal NETs from multiple institutes. Our pres-
ent study could provide the direction for future multicenter stud-
ies analyzing lymph node metastasis for rectal NETs. Lastly, de-
spite the long-term follow-up periods, there were few events of 
death or recurrence, making it difficult to analyze the prognostic 
factors. However, we found that, even if lymph node metastasis 
was present, favorable oncologic outcomes were observed when 
surgery was performed. 

In conclusion, we found that the rate of lymph node metastasis 
increased significantly when the number of known risk factors is 
2 or more. Favorable oncological outcomes have been observed in 
patients who undergo surgery, even those with lymph node me-
tastasis. 
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