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Abstract
Objectives: The ideal cut-off value for the diameter of metastasis-positive lymph nodes (LNs) in patients

with colorectal neuroendocrine neoplasms (NENs) is unclear. Thus, in this study, we investigated the corre-

lation between the LN diameter and LN metastasis.

Methods: A total of 148 LNs of 42 patients with colorectal NEN who underwent surgical dissection or lo-

cal resection from April 2010 to March 2016 were included in the present study. The LN diameters were

measured on computed tomography, and LN metastases were either pathologically proven or evaluated dur-

ing the follow-up period.

Results: Overall, 18 (12.2%) LNs were positive for LN metastasis, and 130 (87.8%) were negative. The

short diameter in metastatic-positive LNs was longer than that in negative LNs (4.9 [3.0-6.3] vs. 2.0 [1.0-

2.0] mm; P = 0.01). An LN of >3 mm predicted LN metastasis with 88.8% sensitivity and 78.5% specific-

ity with an area under the curve of 0.852.

Conclusions: Surgical resection with lymphadenectomy should be considered for patients with LNs of >3

mm in diameter.
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Introduction

Neuroendocrine neoplasm (NEN) is a rare malignancy,

constituting approximately 2% of all neoplasms; 54.5% of

NENs occur in the gastrointestinal tract, predominately in

the small intestine (44.7%), followed by the rectum (19.6%),

appendix (16.7%), and colon (10.6%)[1]. The incidence of

gastrointestinal tract NENs in Japan is increasing, with an

incidence of 2.10 per 100,000 in 2005 and 3.51 per 100,000

in 2010[2]. This increase reflects the widespread use of en-

doscopy and increased awareness of NENs among clinicians

and pathologists.

In the World Health Organization classification of NENs,

which was published in 2019, NENs are categorized into

five groups according to their pathological features: NET

G1, G2, G3, neuroendocrine carcinoma (NEC), and mixed

neuroendocrine-non-NEN. The survival of patients with

NEN differs among each of the pathological grades. In col-

orectal NEN, NET G1 has the best prognosis, followed by

those with NET G2[3]. Colorectal NENs without lymph

node (LN) or distant metastasis have a good prognosis; the

cause-specific 5-year survival rates of patients with NENs of

the colon and rectum are 94.1% and 94.9%, respectively[1].

When planning the therapeutic strategy for NENs, it is

crucial to detect the extent of the primary tumor, LN metas-

tasis, and the existence of distant metastasis. The tumor size

and LN status are reported to be important predictors of sur-

vival[1]. In cases of colorectal NENs, along with LN metas-
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Figure　1.　Forty-two patients with colorectal neuroendocrine neoplasms who underwent surgical 
dissection or local resection were included.

tasis, tumors of >10 mm, NET G2 or NEC, muscularis

propria (MP) invasion, and lymphovenous invasion are con-

sidered absolute indications for surgery due to the high rate

of LN metastasis[4].

Prior to treatment, LNs are evaluated for metastasis by

computed tomography (CT), magnetic resonance imaging,

and endoscopic ultrasound. The importance of CT imaging

has been demonstrated, and CT is a widely used diagnostic

tool in the assessment of LNs, and LN enlargement on CT

is generally regarded as a sign of metastasis. However, at

present, there is no consensus about the optimal cut-off

value of the LN diameter on CT for predicting metastasis in

patients with colorectal NENs.

The aim of this study was to investigate the correlation

between the LN size and LN metastasis.

Methods

1. Patient recruitment and data

This was a retrospective study in Toyonaka Municipal

Hospital. We reviewed our registry from April 2010 to

March 2016. A total of 67 patients with colorectal NENs

who underwent surgical dissection or local resection (endo-

scopic mucosal resection, endoscopic submucosal dissection,

or transanal excision) at our hospital were enrolled. Twenty-

five of these patients who did not undergo CT imaging be-

fore or at <30 days after surgery were excluded from our

study (Figure 1).

For each patient, we collected perioperative clinical data

and pathological data. The tumors were diagnosed and clas-

sified according to the 2019 Japan Neuroendocrine Tumor

Society Clinical Practice Guidelines for Gastroenteropancre-

atic Neuroendocrine Neoplasms[4]. The treatment plan was

determined in accordance with the guidelines in principle.

2. LN evaluation

We generally performed contrast-enhanced CT with a

slice thickness of 1.25 mm. The CT images were obtained

using a spiral multi-detector CT. We reviewed the CT im-

ages to obtain information regarding this study (e.g., the

number of visible LNs, location, and size). Regional LNs

consist of three locations, pericolic/perirectal, intermediate,

and main LNs. In addition, lateral pelvic LNs are included

as a fourth group in the rectum NENs. The diameter was

calculated for all LNs in each case, and the shortest value

was used as an indicator. All of these indicators were meas-

ured without knowledge of the pathological findings, other

than the location of the primary tumor.

Each variable was measured on CT images and analyzed

in relation to the pathologically proven LN involvement. For

patients who underwent endoscopic or local resection, an

LN was diagnosed as metastasis-negative if there was no re-

currence after a follow-up period of at least 36 months. Dur-

ing the follow-up period, the LNs were assessed by CT of

the abdomen and pelvis.

3. Statistical analysis

Quantitative variables were compared using the Mann-

Whitney U test, and categorical variables were compared us-

ing chi-squared tests. The optimal metastatic LN size was

evaluated using a receiver operating characteristic (ROC)

curve analysis, with the cut-off value determined by calcu-

lating the area under the curve (AUC). P values of <0.05

were considered to indicate statistical significance. Repre-

sentative values are expressed as the median [1st quartile-

3rd quartile]. All statistical analyses were performed using

the JMP software program (ver. 14.2.0; SAS Institute, To-

kyo, Japan).

Written consent has been obtained from all patients to
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Figure 2. The short diameter of metastasis-positive lymph nodes

(LN) was longer than that of metastasis-negative LNs (4.9 [3.0–

6.3] vs. 2.0 [1.0–2.0] mm; P = 0.01). Data are median [IQR].

Table　1.　Patient Characteristics (n = 42).

Age (median [IQR], years) 62 [53.8–69.3]

Gender (male/female) 30/12

Resection (colorectal resection with lymph node dissection/transanal resection/endoscopic resection) 7/2/33

Tumor location (colon/rectum) 4/38

Tumor diameter (median [IQR], mm) 4.9 [3.7–8.3]

Central depression (yes/no) 11/31

Histology (G1/G2/NEC) 36/5/1

Depth (M–SM/MP-) 38/4

Lymphatic invasion (yes/no) 5/37

Vascular invasion (yes/no) 4/38

Extent of lymph node metastasis (yes/no) 6/36

publish the information, including photographs. The present

retrospective study was approved by the institutional review

board of Toyonaka Municipal Hospital (2020-02-05).

Results

1. Patient characteristics

The patient characteristics are reported in Table 1. The

median age was 62 (53.8-69.3) years, and there were 30

(71.4%) males and 12 (28.6%) females. Seven (16.7%) pa-

tients underwent colorectal resection with LN dissection.

Two (4.8%) patients underwent transanal resection, and 33

(78.6%) patients underwent endoscopic resection. There

were 38 (90.5%) rectal NENs and 4 (9.5%) colon NENs;

the median tumor size of the NENs was 4.9 [3.7-8.3] mm.

Eleven (26.2%) NENs showed central depression. Of the 42

primary NENs, 36 (85.7%) patients were diagnosed with

NET G1, 5 (11.9%) were diagnosed with NET G2, and 1

(2.4%) was diagnosed with NEC. The depth of tumor inva-

sion was within the submucosa (SM) in 38 (90.4%) cases,

confined within the MP in 2 (4.8%) cases and beyond the

MP in 2 (4.8%) cases. Five (11.9%) NENs showed lym-

phatic invasion and 4 (9.5%) showed venous invasion. The

number of LNs dissected per case and metastasis-positive

LNs was 16.3 and 5.3, respectively.

We measured and analyzed CT images of 148 LNs.

Eighteen (12.2%) of the LNs were LN metastasis-positive,

whereas 130 (87.8%) were LN metastasis-negative. Six

(14.3%) patients were positive for LN metastasis, and 36

(85.7%) were negative. All metastasis-positive LNs were

dissected and pathologically proven. The median follow-up

period was 69 months.

2. Outcomes

The LN short diameter was longer in metastasis-positive

LNs than in metastasis-negative LNs (4.9 [3.0-6.3] vs. 2.0

[1.0-2.0] mm; P = 0.01) (Figure 2).

To analyze the accuracy of the prediction, we performed

an ROC analysis (Figure 3). When an LN of >3.0 mm in di-

ameter was detected on CT, the LN metastasis was diag-

nosed with 88.8% (16/18) sensitivity and 78.5% (102/130)

specificity. Using this criterion, the AUC reached 0.852.

3. LN metastasis in metastasis-positive or metastasis-
negative patients

Of the 42 patients, 36 (85.7%) patients were negative for

LN metastasis, and 6 (14.3%) were positive. The maximum

LN diameter in metastasis-positive patients was longer than

that in metastasis-negative patients (7.5 [5.3-10.5] vs. 2.0

[1.0-2.0]; P = 0.001). Table 2 demonstrates the association

between patients with or without LN metastasis and the

number of LNs detected on CT. The number of measurable
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Figure 3. The prediction of lymph node (LN) metastasis accord-

ing to the diameter of all LNs measured on computed tomography

(CT) (AUC = 0.852). LNs of >3 mm in diameter on CT showed

89% sensitivity and 78% specificity in the prediction of pathologi-

cally-positive LNs.

Table　2.　Patients with Metastatic Lymph Nodes (LN) and the Numbers of Measurable LNs 

per Patient on Computed Tomography.

Metastasis-negative patients 

(n = 36)

Metastasis-positive patients 

(n = 6)
P

Total (median [IQR]) 2.0 [1.0–3.0]  7.5 [6.0–10.5] 0.002

>3 mm LN (median [IQR]) 0.0 [0.0–0.0] 4.0 [4.0–4.8] 0.003

LNs per case in the metastasis-positive patients was larger

than that in the metastasis-negative patients (7.5 [6.0-10.5]

vs. 2.0 [1.0-3.0]; P = 0.002). We detected more LNs of �3
mm in size in the metastasis-positive patients than in the

metastasis-negative patients (4.0 [4.0-4.8] vs. 0.0 [0.0-0.0];

P = 0.003). We detected LNs of �3 mm in short diameter in

12 patients; 6 (50.0%) of these patients had metastasis-

positive LNs.

Discussion

Generally, an LN diameter of >10 mm has been com-

monly accepted as a predictor of LN metastasis in colorectal

cancer. In contrast, the metastasis-positive LNs detected by

CT in patients with NEN were smaller[5]. The accuracy of

LN staging by CT for patients with colorectal NEN is un-

clear. From this viewpoint, we conducted the present study

to investigate the sensitivity and specificity of CT in predict-

ing LN metastasis.

We compared the CT findings and found that a short di-

ameter of >3.0 mm on CT images was a predictor of LN

metastasis.

Tanaka et al. investigated the large diameter of LNs on

CT in 21 cases of colorectal NEN and performed an ROC

analysis to identify the optimal cut-off value for predicting

LN metastasis. They revealed that LNs of >3 mm on CT

predicted LN metastasis with 100% sensitivity and 82.4%

specificity, with an AUC of 0.8971. The longest diameter of

the LNs observed on the CT was 4.3 ± 0.89 mm in LN-

positive patients and 0.89 ± 0.43 mm in LN-negative cases.

Based on the response evaluation criteria in solid tumors,

the LN size should only be measured by the short diame-

ter[6]. Thus, Tanaka et al. may have obtained different re-

sults if they had used the short diameter. However, they re-

ported that a diameter of >3 mm was a predictor of LN me-

tastasis, and this indicates that smaller LNs were positive for

LN metastasis in comparison to colorectal cancer.

Kim et al. performed a study of 40 cases of rectal NEN

using formaldehyde-fixed, paraffin embedded blocks and

measured the diameter of the dissected LNs. They revealed

that 24.5% of LNs of <5 mm in size were positive for me-

tastasis. The short diameter of the LNs was 4.41 mm in the

LN-positive patients and 1.93 mm in the LN-negative pa-

tients[7].

As they used formaldehyde-fixed specimens, it is possible

that the morphology differed from that of fresh specimens or

the values measured on CT images. It is reported that when

analyzing formalin-fixed LNs, 10%-20% shrinkage or a re-

duction of 1 mm in size (in comparison to fresh LNs) can

be expected[8]. However, considering the results of both

studies, it is necessary to rethink the possibility of LN me-

tastasis, even if when LNs are smaller in size.

The LN shape, the internal pattern on contrast-enhanced

CT, and uptake on PET CT and SPECT can also predict LN

metastasis. Tanaka et al. reported that there was no correla-

tion between LN metastasis and the short/long axis diameter

ratio. This could be influenced by the fact that the dissected

LNs in NENs are smaller than those in colorectal cancer.

The internal pattern has also been evaluated; however, no

significant correlation was found between LN metastasis and

a heterogeneous internal pattern[5].

Albanus et al. performed a study of 54 cases of NEN us-

ing 68 Ga-DOTATATE PET CT and contrast-enhanced CT

to investigate the uptake of LNs. In their study, 68Ga-
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DOTATATE PET CT showed 92% sensitivity and 83%

specificity, whereas contrast-enhanced CT showed 64% sen-

sitivity and 59% specificity in the detection of LN metasta-

sis[9].

The present study was associated with some limitations.

First, it was a retrospective study that was performed in a

single institution with a relatively small number of patients.

This was because colorectal NEN is a rare entity. A multi-

institutional survey should be conducted to obtain more reli-

able findings. Second, the follow-up period was relatively

short, as late recurrence is observed in some patients with

NEN. We evaluated recurrence at 3 years after resection;

however, the possibility that more patients would develop

LN recurrence over a longer follow-up period cannot be

ruled out. Long-term surveillance is needed for a detailed

study. Despite these limitations, our findings indicate that

even small-sized LNs can be positive for metastasis in pa-

tients with colorectal NEN.

In conclusion, an LN of >3 mm in short diameter pre-

dicted LN metastasis with 88.8% sensitivity and 78.5%

specificity, with an AUC of 0.852. Surgical resection with

lymphadenectomy should be considered for LNs of >3 mm.
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