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Background/Aims: Small rectal neuroendocrine tumors (NETs) are often managed with local 
resection (endoscopic or transanal excision) owing to their low risk of metastasis and recurrence. 
However, the clinical significance of lymphovascular invasion in resected specimens remains 
controversial. In this study, we aimed to analyze the frequency of and risk factors for lymph node 
metastasis proven by histopathologic examination after radical resection.
Methods: We retrospectively reviewed the records of 750 patients diagnosed with a rectal NET 
at four academic medical centers in South Korea between 2001 and 2019. The frequency of 
histopathologically proven lymph node metastasis and the associated risk factors were analyzed 
for small tumors (≤1.5 cm) with lymphovascular invasion.
Results: Among 750 patients, 75 had a small tumor (≤1.5 cm) with lymphovascular invasion, of 
whom 31 patients underwent endoscopic resection only and 44 patients underwent additional 
radical surgery. Among the 41 patients who underwent surgery and had available data, the rate 
of regional lymph node metastasis was 48.8% (20/41). In multivariate analysis, the Ki-67 index 
(odds ratio, 6.279; 95% confidence interval, 1.212 to 32.528; p=0.029) was an independent risk 
factor for lymph node metastasis. During the mean follow-up period of 37.7 months, only one 
case of recurrence was detected in the surgery group. The overall survival was not significantly 
different between radical resection and local resection (p=0.332).
Conclusions: Rectal NETs with lymphovascular invasion showed a significantly high rate of 
regional lymph node metastasis despite their small size (≤1.5 cm). (Gut Liver 2022;16:228-235)

Key Words: Rectum; Neuroendocrine tumors; Lymphovascular invasion; Metastasis

INTRODUCTION

The incidence of rectal neuroendocrine tumors (NETs) 
has increased worldwide.1-3 The rectum is the most com-
mon site of gastroenteropancreatic NETs in Asian patients 
and the second most common site in Western patients.1,3-6 
Most rectal NETs are incidentally discovered during 
screening colonoscopy, and are small and localized within 
the mucosa or submucosa. Current guidelines recommend 
that tumors <1–2 cm and confined to the submucosa (T1) 
can be endoscopically managed with various resection 

techniques (e.g., endoscopic mucosal resection or endo-
scopic submucosal dissection).7-12 However, the optimal 
management of small tumors with lymphovascular inva-
sion is controversial. Conventionally, lymphovascular 
invasion is known to be associated with lymph node me-
tastasis; thus, radical resection with lymph node dissection 
has been considered in clinical practice.13 Radical resection 
has a risk of adverse events, and several reports have ques-
tioned the necessity of surgical management in this setting, 
with endoscopic resection providing a favorable outcome 
for patients with small tumors with lymphovascular inva-
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sion.14-16 However, these studies are limited by the inclu-
sion of cases with radiologically or clinically defined lymph 
node metastases rather than pathologically proven metas-
tases. Lymph node metastasis cannot be clearly identified 
with radiology, and rectal NETs are very slow-growing tu-
mors; thus, a 3- to 5-year follow-up period is not sufficient 
for the clinical evaluation of lymph node status, leading 
to the justification of local resection.17 Conversely, some 
studies that analyzed surgical specimens with histologically 
proven lymph node metastasis provided a warning about 
endoscopic treatment, emphasizing the existence of a rela-
tively high rate of lymph node metastasis even in tumors 
<1 cm.18-21 However, these studies are limited by the small 
number of included patients. Current guidelines do not 
clearly describe the status of lymphovascular invasion after 
the local excision of small rectal NETs.7,9,10

In this study, we aimed to analyze the frequency and 
risk factors of histopathologically proven lymph node me-
tastasis, using the data of patients with small rectal NETs 
(<1.5 cm) with lymphovascular invasion treated with sur-
gical resection. The secondary objective was to estimate 
the clinical and oncologic outcomes of small rectal NETs 
with lymphovascular invasion.

MATERIALS AND METHODS

1. Patients
We retrospectively reviewed the medical records of pa-

tients diagnosed with a rectal NET between December 2001 
and September 2019 at the National Cancer Center, National 
Health Insurance Service Ilsan Hospital, Kangwon National 
University Hospital, and Wonju Severance Christian Hos-
pital in South Korea. The institutional review board at each 
hospital approved the research protocol (approval number: 
KWNUH 2020-01-001). This study has been granted an ex-
emption from requiring written informed consent.

The clinical and pathologic data extracted from the 
medical records included age, sex, date of diagnosis, carci-
noid symptoms (facial flushing, diarrhea, asthma/wheez-
ing, pellagra, and carcinoid heart disease), familial history 
of NET, biomarkers (5‐hydroxyindoleacetic acid and 
chromogranin A), diagnostic method, and histopathologic 
findings. 

All patients were recommended to undergo additional 
radical surgery if lymphovascular invasion was identi-
fied, regardless of other tumor characteristics. However, a 
considerable number of patients preferred close follow-up 
rather than surgery. For those who preferred local therapy 
only, we chose to perform follow-up without radical resec-
tion based on several previous reports.14,15,22 We analyzed 

the frequency of histopathologically proven lymph node 
metastases among radically resected small rectal NETs 
showing lymphovascular invasion, and compared the clini-
cal and pathologic characteristics between patients with 
and without lymph node metastases.

2. Histopathologic evaluation
Rectal NETs were diagnosed and classified according to 

the World Health Organization criteria and the American 
Joint Committee on Cancer manual for staging of can-
cer.23,24 NETs were assessed according to tumor location, 
histologic type, size, invasion depth, resection margin 
status, and lymphovascular invasion. The histologic grad-
ing was made using the Ki-67 labeling index according 
to the World Health Organization 2010 classification and 
the North American Neuroendocrine Tumor Society 
guidelines.8,24 Lymphovascular invasion was evaluated 
using hematoxylin and eosin staining and immunohisto-
chemical staining with primary antibodies for anti-CD31 
or anti-podoplanin (1:100; clone JC70A, Dako, Glostrup, 
Denmark or clone D2-40, Signet Laboratory, Dedham, 
MA, USA). Lymphovascular invasion was deemed present 
when synaptophysin-positive tumor cells were detected 
within vascular spaces lined by podoplanin or CD31-posi-
tive endothelial cells. In surgically resected cases, the depth 
of submucosal (SM) invasion was determined according 
to Kudo classification,25 as follows: sm1, infiltration into 
the upper third of the SM layer; sm2, infiltration into the 
middle third of the SM layer; and sm3, infiltration into the 
lower third of the SM layer. For endoscopically resected 
cases, the cutoff limit between sm1 and sm2 was 1,000 µm 
according to the Paris classification, and a depth of SM in-
vasion exceeding 2,000 µm was defined as sm3.

3. Statistical analysis
Categorical variables are expressed as numbers with 

percentages, and continuous variables are expressed as 
means with standard deviations. For the univariate analy-
sis, the Pearson chi-square test or the Fisher exact test was 
performed for categorical variables and the unpaired t-
test for continuous variables. For the analysis of associated 
factors of locoregional lymph node metastasis, univariate 
and multivariate analyses using the logistic regression were 
performed. Variables with a p-value of <0.1 in the univari-
ate analysis were included in the multivariate analysis. The 
results are expressed as odds ratios with 95% confidence 
intervals. Survival curves were plotted using the Kaplan-
Meier method and compared using the log-rank test. A p-
value of <0.05 was considered statistically significant. Data 
were analyzed using SPSS version 21 (IBM Corp., Armonk, 
NY, USA).
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RESULTS

1. Patient characteristics
A total of 750 patients diagnosed with a rectal NET 

were reviewed in this study. Among them, 652 patients 
had small rectal NETs <1.5 cm in size, of whom 75 patients 
had a lymphovascular invasion determined with various 
resection methods (e.g., endoscopic mucosal resection, 
endoscopic submucosal dissection, or transanal excision). 
Among 75 patients with small tumors (≤1.5 cm) showing 
lymphovascular invasion, 44 patients underwent radical 
resection (i.e., low anterior resection), enabling histopatho-
logic evaluation of the perirectal lymph node status, and 
three patients were excluded from the analysis owing to in-
sufficient medical records (Fig. 1). Among 41 patients with 
available histologic lymph node status, the regional lymph 
node metastasis rate was 48.8% (20/41) (Fig. 1). Except 
for the tumor size and Ki-67 index, the clinicopathologic 
characteristics were similar between patients with and 
without lymph node metastasis (Table 1). Larger tumors 
(mean 9.60±2.78 mm vs 7.19±2.64 mm) and tumors with 
a higher Ki-67 index tended to have lymph node metasta-
sis (Table 1). Various carcinoid symptoms were evaluated 
(facial flushing, diarrhea, asthma/wheezing, pellagra, and 
carcinoid heart disease), and most patients did not show 
any carcinoid symptoms. Only two patients complained of 
diarrhea (4.9%). However, it is not clear whether this is a 
carcinoid symptom or nonspecific gastrointestinal symp-
tom, as almost all patients did not perform the assays for 
serum or urine biomarkers and we could not check out 
the symptom improvement after treatment. A few patients 
(8/42, 19.0%) showed other presenting symptoms, includ-
ing hematochezia, low abdominal discomfort, weight loss, 

and constipation. Most tumors arose in the mid-rectum 
(5–10 cm from the anal verge, 80.5%), were 6–10 mm in 
size (68.3%), and were located in the submucosa (92.7%).

2. Risk factors associated with lymph node 
metastasis
The factors associated with lymph node metastasis in 

patients with lymphovascular invasion were tumor size and 
Ki-67 index in univariate logistic regression analysis. Only 
Ki-67 ≥3% was a significant risk factor in the multivariate 
analysis (Table 2). We also performed subgroup analysis 
for tumors located in the submucosa according to the de-
gree of SM involvement. The depth of SM involvement was 
classified as sm1 (upper third), sm2 (middle third), and 
sm3 (lower third) in the surgically resected specimen. No 
significant relationship was observed between the degree 
of SM involvement and lymph node metastasis (Table 3).

3. Long-term clinical outcomes
For the secondary study outcomes, we investigated 

recurrence and survival during the follow-up period of 
patients with small rectal NETs showing lymphovascular 
invasion. We compared the oncologic outcomes between 
patients who underwent local resection and those who 
underwent radical resection. Among 75 patients, 60 (80%) 
were followed up at least once (mean follow-up period 
37.7 months, standard deviation 23.3 months). During the 
follow-up period, three mortality cases (one in the local 
resection group and two in the radical resection group) 
and one case of local recurrence (in the radical resection 
group) were detected (Supplementary Table 1). No NET-
specific mortality was recorded, and all three patients died 
of other malignancies (stomach cancer, lung cancer, and 

98 Tumors larger than 1.5 cm
or unknown pathologic size

577 Tumors without LVI (n=487) or
with uncheckable LVI status (n=90)

31 Patients who do not performed
radical resection,

3 Insufficient records

750 Diagnosis of rectal NET

652 Diagnosis of small
rectal NET (<1.5 cm)

75 Presence of LVI (+)*

41 Histological evaluation of LN
metastasis was available*

20 LN metastasis (+) 21 LN metastasis ( )

Fig. 1.Fig. 1. Flowchart of patient selection.
NET, neuroendocrine tumor; LVI, 
lymphovascular invasion; LN, lymph 
node. *Among 75 patients with LVI, 
five patients showed equivocal or 
suspicious LVI. Among 41 patients 
who underwent radical resection 
with available data, one patient 
showed equivocal LVI.
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Table 3.Table 3. Degree of Submucosal Involvement for Tumors with Submucosal Invasion*

Degree of submucosal involvement† LN metastasis (–) (n=21) LN metastasis (+) (n=16) p-value‡

sm1 1 (4.8)   2 (12.5) 0.456
sm2   8 (38.1)   3 (18.8)
sm3 12 (57.1) 11 (68.8)

Data are presented as number (%).
LN, lymph node.
*One patient was excluded from the analysis owing to the lack of information on the degree of submucosal involvement; †For lesions confined to 
the submucosa, degree of submucosal involvement was classified as sm1 (upper third), sm2 (middle third) or sm3 (lower third); ‡p-value is calcu-
lated by Fisher exact test.

Table 1.Table 1. Clinicopathological Characteristics of Rectal Neuroendocrine Tumors at Diagnosis 

Characteristics Study population (n=41) LN (–) (n=21) LN (+) (n=20) p-value*

Age, mean±SD, yr 48.73±12.64 52.05±12.29 45.25±12.34 0.085†

Sex 0.062‡

    Male 27 (65.9)   11 (52.4)    16 (80.0)
    Female 14 (34.1)   10 (47.6)      4 (20.0)
Carcinoid symptoms 0.488§

    Present 2 (4.9)   2 (9.5) 0
    Absent 39 (95.1)   19 (90.5)   21 (100)
Tumor size, mean±SD, mm 8.26±2.98 7.19±2.64 9.60±2.78 0.007†

Tumor size, mm 0.008§

    0–5   6 (14.6)     6 (28.6) 0
    6–10 28 (68.3)   14 (66.7)   14 (70.0)
    11–15   7 (17.1)   1 (4.8)      6 (30.0)
Tumor location (distance from anal verge), mean±SD, mm 6.46±2.15 6.24±2.14 6.70±2.18 0.498†

Depth of invasion 0.107§

    Mucosa 1 (2.4) 0   1 (5.0)
    Submucosa 38 (92.7)   21 (100)   17 (85.0)
    Muscularis propria 2 (4.9) 0     2 (10.0)
Ki-67 index, %   0.027§

    <3 22 (53.7) 15 (71.4)     7 (35.0)
    3–20 16 (39.0)   6 (28.6)   10 (50.0)
    >20 3 (7.3) 0     3 (15.0)
Tumor grade (%) 0.027§

    G1 (low) 22 (53.7) 15 (71.4)     7 (35.0)
    G2 (intermediate) 16 (39.0)   6 (28.6)   10 (50.0)
    G3 (high) 3 (7.3) 0     3 (15.0)
No. of harvested LN, mean±SD (range)             19.39±12.04 (5–55) 18.38±11.67 (5–53)   20.45±12.63 (6–60) 0.589†

No. of metastatic LN, mean±SD (range)           0.90±1.39 (0–6) 0 1.85±1.50 (1–6) NA
Resection margin status, %‖ NA
    R0 41 (100)   21 (100)   20 (100)
    R1/R2 0 0 0

Data are presented as number (%) unless otherwise indicated.
LN, lymph node; NA, not applicable. 
*p-value is calculated for comparing two groups, LN metastasis (–) versus LN metastasis (+) group; †Unpaired t-test; ‡Pearson chi-square test; 
§Fisher exact test; ‖R0: complete resection grossly and microscopically; R1: microscopic residual lesions; R2: gross residual tumors.

Table 2.Table 2. Factors Associated with Locoregional Lymph Node Metastasis

Factor
Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Age 0.955 (0.905–1.007) 0.090 0.965 (0.907–1.027) 0.263
Sex (male)   3.636 (0.905–14.609) 0.069   4.946 (0.851–28.730) 0.075
Tumor size 1.427 (1.064–1.914) 0.018 1.327 (0.972–1.811) 0.075
Ki-67 index (≥3%)   4.643 (1.241–17.368) 0.023   6.279 (1.212–32.528) 0.029

p-value was calculated by univariable and multivariable logistic regression analysis. 
OR, odds ratio; CI, confidence interval.
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acute leukemia). Survival curves according to the treat-
ment method (local resection vs radical resection) are 
shown in Fig. 2. The Kaplan-Meier curve and the log-rank 

test showed no significant statistical difference between the 
two groups (p=0.332); however, the analysis was limited by 
the small number of events observed during the follow-up 
(n=3).

We present one typical case showing pathologically 
proven lymph node metastasis from small rectal NET (Fig. 
3). In this patient, screening colonoscopy revealed small 
yellowish subepithelial tumor in the rectum. Pathologic 
diagnosis of endoscopically resected specimen was 6 mm 
sized low-grade NET with clear resection margin but 
presence of lymphovascular invasion. Abdominopelvic 
computed tomography showed no remarkable anorectal 
and retroperitoneal lymphadenopathy. Laparoscopic low 
anterior resection was performed. There was no residual 
tumor at the resected intestinal specimen. Nineteen peri-
rectal lymph nodes were harvested and three of them had 
metastatic neuroendocrine cells (Fig. 3).
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F

Fig. 3.Fig. 3. Case of small rectal neuroen-
docrine tumor with multiple lymph 
node metastases. Endoscopic (A-
C) and histopathologic findings of 
rectal neuroendocrine tumor (D-F) 
and perirectal lymph nodes (G-I). A 
small, yellowish subepithelial tumor 
was located at the lower rectum (A). 
The lesion was completely removed 
by endoscopic mucosal resection 
(B, C). Microscopic findings showed 
monotonous small round cells ar-
ranged in a solid and pseudoglan-
dular pattern (D, H&E, ×1; E, H&E, 
×60). Angiolymphatic invasion was 
observed with monotonous small 
cell clusters (black arrow) (F, H&E, 
×200). Monotonous cell clusters 
were also observed in three perirec-
tal lymph nodes (G-I, H&E, ×200).
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Fig. 2.Fig. 2. Kaplan-Meier curves showing the survival probability stratified 
by treatment method (local resection versus radical resection).
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DISCUSSION

Small, well-differentiated rectal NETs are considered to 
have a good prognosis with local excision and are usually 
treated with endoscopic resection or transanal excision 
rather than radical resection. Traditionally, tumor size and 
depth of invasion are considered risk factors associated 
with poor prognosis and metastasis.26,27 Current guidelines 
(European Neuroendocrine Tumor Society, North Ameri-
can Neuroendocrine Tumor Society, and National Com-
prehensive Cancer Network guidelines) recommend local 
excision of tumors <1 or 2 cm in size if they lack regional 
lymphadenopathy in an imaging study (i.e., rectal mag-
netic resonance imaging or endoscopic ultrasound).7-10,28 
After local excision, additional surgical resection may be 
considered according to high-risk histologic features such 
as tumor size, invasion depth, and tumor grade. How-
ever, lymphovascular invasion is not mentioned in these 
guidelines, and clinicians often face the dilemma of rec-
ommending additional radical resection versus the wait 
and see approach, especially in cases with no other high-
risk features and for patients who are reluctant to undergo 
invasive treatment. Controversies remain concerning the 
optimal management of small rectal NETs with lympho-
vascular invasion.6,16 Previous studies have raised doubts 
about the necessity of radical resection for completely but 
locally resected tumors showing lymphovascular inva-
sion.14,15,22,29,30 However, most studies reporting on the clini-
cal significance of lymphovascular invasion had limitations 
of including a small number of patients, having a limited 
follow-up period, or including cases of non-surgically con-
firmed regional lymph node metastasis.

In this study, we included only patients who underwent 
radical resection to histopathologically confirm the region-
al lymph node status because rectal NETs can recur after 
a very long period, making clinical or radiologic evalua-
tion of lymph node status difficult.17,31,32 We collected 41 
patients who underwent radical resection for small rectal 
NETs (≤1.5 cm) with lymphovascular invasion. To our 
knowledge, this is the largest study to histopathologically 
analyze the rate of regional lymph node metastasis in small 
rectal NETs with lymphovascular invasion. Notably, nearly 
half of the patients showed regional lymph node metasta-
sis (20/41). This result is in sharp contrast to the 0%–5% 
rate of clinically proven lymph node metastasis reported 
in other studies.14,15,29 We suppose that this difference can 
be explained by the different definitions of lymph node 
metastasis in previous studies (i.e., pathologically proven 
vs clinically defined). In the multivariate analysis, the Ki-
67 index was significantly associated with regional lymph 
node metastasis. Among patients with tumors with Ki-

67 index >3%, 68.4% had regional lymph node metastasis, 
whereas 31.8% of patients with tumors with Ki-67 <3% 
showed regional lymph node metastasis. In particular, all 
patients with tumors with Ki-67 >20% showed lymph node 
metastasis although the tumor size was small (6, 12, and 
15 mm for each of the three patients). Tumor size was as-
sociated with lymph node metastasis in univariate analysis. 
Other characteristics such as age, sex, depth of invasion, 
and tumor location did not show a significant relationship 
with lymph node metastasis.

Considering both the low rate of clinical recurrence 
during 3 to 5 years follow-up period in the previous reports 
and high rate of histopathologically confirmed lymph node 
metastases in this study, we assume that immediate radi-
cal resection is not mandatory even if the locally resected 
small sized rectal NET showed lymphovascular invasion. 
However, surgical approach should be discussed with the 
patients considering significant rate of lymph node metas-
tasis in this setting. If the wait-and-see approach was cho-
sen, sufficient long-term follow-up (more than 10 years) 
should be recommended for possible delayed recurrence. 
The cost-effectiveness of surgery versus prolonged surveil-
lance also needs to be clarified by future investigations.

This study had several limitations. First, because this 
was a retrospective study, the presence of a selection bias 
cannot be ruled out. Nevertheless, patients with lym-
phovascular invasion were consistently recommended to 
undergo radical resection regardless of other tumor char-
acteristics. Therefore, tumor characteristics such as size, 
depth of invasion, and grade were not significantly dif-
ferent between patients who underwent radical resection 
and those who did not (data not shown). Second, although 
this study included the largest number of patients with 
histopathologically proven lymph node status, a sample 
of 75 patients is still small for the analysis of oncologic 
outcomes. Third, long-term clinical follow-up was not 
possible for most of the patients, and the clinical implica-
tion of regional lymph node metastasis in this population 
remains uncertain. The clinically significant morbidity 
associated with rectal NETs or the long-term survival rate 
in operated patients compared with non-operated patients 
needs to be determined. Fourth, the mitotic count which is 
one of the indexes of tumor proliferation was not analyzed 
in this study because a significant proportion of study sub-
jects lacked this data, so the tumor grades were determined 
based on Ki-67 index only.

In conclusion, this study clearly showed that a high pro-
portion of patients with small rectal NETs (<15 mm) with 
lymphovascular invasion had locoregional lymph node 
metastasis. In addition, Ki-67 expression was significantly 
associated with lymph node metastasis. A prudent attitude 



Gut and Liver, Vol. 16, No. 2, March 2022

234  www.gutnliver.org

needs to be maintained with respect to recommending a 
wait and see approach, until the long-term safety of local 
resection and the cost-effectiveness of long-term surveil-
lance are confirmed in this group of patients.
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