
Abstract. Background/Aim: The present study aimed to
clarify an accurate diagnostic method for lymph node
metastasis (LN+) in rectal neuroendocrine tumors (rNETs).
Patients and Methods: This was a retrospective study of 14
rNETs and 45 rectal adenocarcinoma patients undergoing
rectal resection. The short axis of LNs was measured using CT
and pathological findings (43 paraffin-fixed LNs in rNETs and
786 LNs in adenocarcinoma). Results: The size of LN+ in CT
and pathological findings was smaller in rNETs than
adenocarcinoma (p=0.082 and p<0.001, respectively). The
AUC values of ROC curves for detecting LN+ using LN sizes
on CT were 0.837 for rNETs and 0.885 for adenocarcinoma
(Cut-off values: 5 mm for rNETs, 7 mm for adenocarcinoma).
rNETs were diagnosed with high accuracy using the cut-off
value of rNETs (5 mm) (sensitivity: 80.0%, and specificity:
87.5%). Conclusion: The size of LN+ was smaller in rNETs
than in adenocarcinoma, suggesting the essentiality of
diagnostic criteria specific for rNETs.

Rectal neuroendocrine tumors (rNETs) are epithelial tumors
derived from endocrine cells with malignant potential, such as
invasion to deep layers or metastasis, which develops in the
deep portions of glands (1). In recent years, the number of
patients with rNETs has markedly increased because of recent
advances in preventive screening for colorectal disease, which
has resulted in increasing attention to its pathophysiology by
many clinicians and more focused research (2, 3). Based on
this recent background, a new classification system has been

established, in which rectal carcinoids are classified as rNETs,
and are staged according to tumor size, lymph node metastasis
(LN+), distant metastasis, the mitotic count, and Ki-67
labeling index (4). The clinical utility of this classification
system has been already reported (5). Despite an increase in
incidence, rNETs are still rare tumors; their incidence was
previously reported to be only 1-2% of all rectal tumors (6).
Their clinicopathological and biological characteristics have
gradually been clarified; however, their rarity prevents the
establishment of clinical guidelines with strong statistical
power. 

The behavior of LN+ in rNETs is specific, which
complicates decision-making by clinicians. Previous studies
reported that LN+ was sometimes detected in small rNETs,
with diameters less than 10 mm (7, 8). The survival of rNET
cases with LN+ was previously reported to be as poor as that
of rectal cancer cases with LN+ (9, 10). Therefore, similar to
surgical indications for rectal cancer, radical rectal resection
with lymphadenectomy has been strongly recommended for
rNETs with potential LN+. Although risk factors for rNETs
with potential LN+ currently remain unclear, the criteria of
surgical indications for rNETs are generally recognized as the
following: 1) rNETs with diameters of 20 mm or larger in the
primary tumor, 2) 10-20 mm with a suspected invaded
muscularis propria (MP) and lymph ductal invasion, and 3)
suspected LN+ on computed tomography (CT) or magnetic
resonance imaging (MRI) findings (11, 12). Tumor size or
invasion depth may be evaluated with high accuracy using
endoscopic ultrasonography (13). However, a precise
diagnostic method for detecting LN+ has not yet been
established; therefore, it may often be evaluated using the
diagnostic criteria of CT or MRI, which were established
based on clinicopathological data in rectal adenocarcinoma,
despite the diagnostic accuracy of these criteria for LN+ not
being demonstrated in rNETs.

In the present study, we examined whether the size of
regional LNs in rNETs may be evaluated using the same
diagnostic criteria of contrast-enhanced CT (CECT) as rectal
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adenocarcinoma through a retrospective analysis of non-
metastatic and metastatic LN sizes on CECT and in paraffin-
fixed specimens. Furthermore, the cut-off value for the size
of LN with metastasis in pre-operative CECT findings was
calculated. The present study aimed to establish an
appropriate diagnostic method for LN+ in rNETs using pre-
operative CECT through a retrospective analysis, in order to
provide rNET patients with more curative treatments based
on a precise clinical diagnosis.       

Patients and Methods

Patients. This study included 14 rNET cases that underwent curative
surgery between April 2006 and March 2017 in the Division of
Digestive Surgery of Kyoto Prefectural University of Medicine
(KPUM), Kyoto, Japan. Pathological diagnoses were made by two
expert pathologists based on the UICC/AJCC classification system
(14). This study was approved by the Research Ethics Committee
of Kyoto Prefectural University of Medicine (No. ERB-C-1178).   

Middle and lower rectal adenocarcinoma patients undergoing
curative surgery between April 2013 and March 2017 in KPUM
where included in the analysis. Patients receiving neoadjuvant
chemotherapies or radiotherapies or with a previous history of rectal
resection were excluded from the present study. Therefore, 45 rectal
adenocarcinoma cases were ultimately selected.   

Preoperative evaluation by CECT. All eligible cases underwent
CECT in the 2 months before rectal resection. CECT was mainly
performed in KPUM or an affiliated medical center. CT
examinations were performed using a multidetector CT with 64 or
320 layers. Briefly, all patients fasted for more than 6 h, and received
an intravenous injection of 510 mg/kg iopamidol (Bayer, Osaka,
Japan) or iohexol (Daiichi-Sankyo, Tokyo, Japan) over 45 sec. A CT
scan was then performed for 100 sec after the contrast material
injection in order to obtain equilibrium phase images. The sizes of
LNs were evaluated in the short axis on horizontal CECT images by
at least one radiologist and two or more digestive surgeons. 

Evaluation of LN sizes in paraffin-fixed specimens. LNs were
sampled from surgically resected specimens by digestive surgeons
and were subsequently embedded in paraffin after 12 h of formalin
fixation. They were sliced at the maximum cut surface by expert
technicians, and samples were then re-fixed on slide glasses. The
short axes of all re-fixed LNs derived from eligible rNETs and
adenocarcinoma tumors were measured.    

Surgical procedures. All surgeries were performed or supervised by
surgeons with sufficient experience in rectal resection. A surgical
method was selected in a preoperative conference by an expert rectal
surgical team according to the Japanese colorectal cancer guidelines
(15, 16). Briefly, anal preservation surgery was performed for rectal
tumors that were without invasion to the anal canal. In tumors with
invasion to the anal canal, intersphincteric resection (ISR) was
performed if the tumor was localized to the mucosal and submucosal
layers and it was possible to secure a surgical margin. If not, anterior
perineal resection was performed. Lateral LN dissection was
basically performed for lower rectal adenocarcinoma and rNETs with
invasion to the mesorectum or with suspected LN metastases.
Clinically suspected LN+ in the perirectal and lateral regions were

defined as 7 mm and 5 mm or larger in the short diameter,
respectively (17). Temporary diverting ileostomy was simultaneously
constructed in ISR and super low anterior resection. Diverting
ileostomy was closed 3 months after initial surgery. 

Statistical analysis. Comparisons were performed between both
groups using the Student’s t-test or chi-squared test. p-Values of less
than 0.05 were regarded as significant. Receiver operating
characteristic (ROC) curves were generated to evaluate diagnostic
performance for detecting LN+ using measurements of the LN short
diameter on CECT. Corresponding sizes under the ROC curve
(AUC), sensitivities, specificities, and accuracies were calculated.
Statistical analyses were performed using JMP version 10.

Results
Clinicopathological characteristics of rNET and adeno-
carcinoma patients. Patient characteristics are summarized in
Table I. rNET patients were significantly younger than rectal
adenocarcinoma patients (Mean: 54.6 vs. 66.2, p<0.001).
Tumor sizes were significantly smaller for rNETs than for
rectal adenocarcinomas (Mean: 9.9 vs. 44.2, p<0.001). rNETs
were more frequently located on the lower rectum than rectal
adenocarcinomas (11/14 vs. 14/45, p<0.001). More cases were
undergoing preceding endoscopic resection, such as endoscopic
mucosal resection or endoscopic submucosal dissection, among
rNETs cases than adenocarcinoma cases (2/45 vs. 8/14:
p<0.001). A permanent stoma was not constructed in rNET
cases. D3 LN dissection was more frequently performed for
rectal adenocarcinoma than for rNETs (p<0.001). The
pathological invasion depth was significantly deeper in rectal
adenocarcinoma cases than in rNET cases (p<0.001). Lymph
ductal or venous invasion were more frequently observed in
adenocarcinoma cases (p=0.034 and 0.016, respectively).
Seventeen rectal adenocarcinoma and 5 rNET cases were
pathologically diagnosed with LN+. All rNET tumors with
LN+ had some vessel invasion, and LN+ was also detected in
all rNET tumors with invasion to the MP. The Ki-67 labeling
index of rNET cases was 0.9-19.5% (data not shown). 

Comparison of regional LN sizes in rNETs and
adenocarcinomas on CT images. The short axis of the
greatest LN in the circumrectal region on pre-operative
CECT images was measured and compared between rectal
rNETs and adenocarcinomas (Table II). LN sizes were
slightly smaller in rNET cases with LN+ than in carcinoma
cases (Mean: 6.0 vs. 8.8 mm, p=0.082). Moreover, LN sizes
were smaller in rNETs without LN+ than in adenocarcinoma
cases (2.7 vs. 4.5 mm, p=0.026). A ROC curve was used to
select the cut-off value for LN size in LN+. The AUC values
of ROC curves were used to detect the LN+ of rNETs and
adenocarcinomas. By measuring the short axis of the greatest
LN on CT images the AUCs for rNETs and adenocarcinomas
were 0.837 and 0.885, respectively. The cut-off values for
adenocarcinomas and rNETs were 7 and 5 mm, respectively.  
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Comparison of regional LN sizes in rNETs and
adenocarcinoma in paraffin-fixed specimens. As previously
described (18), LN+ sizes were smaller in rNETs than in
rectal adenocarcinoma in the present study; however, there
was a limitation due to the small number of rNETs cases
examined. Thus, the sizes of all dissected LNs fixed by
paraffin were measured in order to validate the hypothesis
that the LN+ of rNETs are smaller than those of rectal
adenocarcinomas (Table III). The total numbers of dissected

LNs in rNETs and adenocarcinoma were 143 and 786,
respectively. In these LNs, the numbers of LN+ in rNETs
and adenocarcinomas were 8 (5.5%) and 28 (3.5%),
respectively. The metastatic or non-metastatic LNs of rNETs
were significantly smaller than those of rectal
adenocarcinomas, which was consistent with CT findings.

Diagnostic accuracy of CT for detecting LN+ using cut-off
values calculated by ROC curves. The diagnostic accuracy
of CT was evaluated using novel size criteria based on the
calculated cut-off values (Table IV). When defining LN+ as
7 mm or larger in the short axis, the sensitivity, specificity,
and accuracy of CT were 82.4%, 82.1%, and 82.2%,
respectively, for rectal adenocarcinoma and 20.0%, 100.0%,
and 71.4%, respectively, for rNETs. The sensitivity of the
cut-off value of 7 mm in the short axis calculated by the
ROC curve of rectal adenocarcinoma was insubstantial for
rNETs. In contrast, LN+ was diagnosed with high accuracy
using the cut-off value of 5 mm in the short axis calculated
by data obtained for rNETs (sensitivity: 80.0%, specificity:
87.5%, and accuracy: 84.6%). 
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Table I. Patient characteristics.

                                                    rNETs       Adenocarcinoma    p-Value
                                                       14                      45                      

Gender                                                                                             
  Male                                         8                      32                        0.250
  Female                                     6                      12                          
Age                                                                                                  
  Mean±SD                              54.6±10.6         66.2±10.3         <0.001
Tumor size                                 9.9±4.9           44.4±16.9         <0.001
Tumor location
  Middle                                     3                      31                      <0.001
  Lower                                     11                      14                          
Pre-treatment                                                                                   
  None                                        6                      43                      <0.001
  EMR                                        5                        2                          
  ESD                                         3                        0                          
Surgical approach                                                                            
  open                                         1                        2                        0.688
  lap                                          13                      43                          
Surgical method                                                                              
  ISR                                           1                        4                        0.415
  LAR                                       13                      33                          
  APR                                         0                        6                          
  Hartmann                                 0                        2                          
Stoma                                         0                        8                      <0.001
Lymph node dissection                                                                   
  D2                                          14                      13                      <0.001
  D3                                            1                      32                          
Lateral dissection                       0                        5                          
Pathological invasion depth                                  
  SM                                         12                        2                      <0.001
  MP                                           3                      14                          
  SS                                             0                      29                          
Pathological lymph 
node metastasis                                                      
  Positive                                    5                      17                        0.889
Lymph ductal invasion                                          
  Positive                                    6                      25                        0.034
Venous invasion                                                                              
  Positive                                    5                      28                        0.016
Distant metastasis                      0                        5                        0.192

rNETs: Rectal neuroendocrine tumors; EMR: endoscopic mucosal
resection; ESD: endoscopic submucosal dissection; ISR: intersphincteric
resection; LAR: lower anterior resection; APR: abdominoperineal
resection; SM: submucosa; MP: muscularis propria; SS: subserosa. 

Table II. Size of lymph nodes evaluated by CT findings in rectal
adenocarcinoma and neuroendocrine tumors.

Lymph nodes                         rNETs         Adenocarcinoma        p-Value

n                                                                                                           
  Total                                        14                        45                          
  Metastasis                                5                         17                          
  Non-metastasis                        9                         28                          
Short diameter                                                                                     
  Total                                   4.0±2.6                6.1±3.2                 0.032
  Metastasis                          6.0±3.2                8.8±2.9                 0.082
  Non-metastasis                   2.7±1.0                4.5±2.0                 0.026

rNETs: Rectal neuroendocrine tumors.

Table III. Size of lymph nodes evaluated using paraffin-fixed specimens
in rectal adenocarcinoma and neuroendocrine tumors.

Lymph nodes                         rNETs         Adenocarcinoma        p-Value

n                                                                                                           
  Total                                       143                      786                         
  Metastasis                                8                         28                          
  Non-metastasis                      135                      758                         
Short diameter                                                                                     
  Total                                   2.1±1.2                2.6±1.5                <0.001
  Metastasis                          3.5±0.7                6.4±2.4                <0.001
  Non-metastasis                   2.0±1.2                2.5±1.2                <0.001

rNETs: Rectal neuroendocrine tumors.



Discussion

The size of LN+ in rNETs has been previously examined.
Fujimoto et al. performed a retrospective analysis of their
rNETs cases and reported that regional LNs with a minor
axis of 5 mm or greater needs to be regarded as metastasis
(19). Kim BC et al. showed that LN size alone is not a
sufficient predictor of tumor metastasis through a
retrospective analysis on paraffin-fixed LN+ derived from
rNETs, because of wide variations in the sizes of LNs with
metastasis, with some being very small (18). Although this
evaluation method of LNs using paraffin-fixed specimens
had the advantage of allowing the analysis of a higher
number of resected LNs, difficulties were associated with
calculating precise cut-off values for LN sizes with
metastasis in clinical settings because the dewatering process
by formalin, which was used in the preparation of
pathological specimens, may reduce the size of LNs (20). In
contrast, although only a small number of LNs may be
evaluated in pre-operative CECT findings, these sizes may
be examined in actual clinical settings. Based on these
advantages and disadvantages, we examined LN sizes in
rNETs using LN data derived from CECT findings and
paraffin-fixed specimens.     

LN+ in rNETs is often diagnosed in clinical settings using
the criteria of rectal adenocarcinoma despite the diagnostic
accuracy of these criteria for LN metastasis not being
demonstrated for rNETs. In order to clarify this ambiguous
point, we compared LN+ sizes in rNETs and adenocarcinomas.
To the best of our knowledge, this is the first study to show an
appropriate diagnostic method for LN+ using CECT in rNETs
through a comparison with rectal adenocarcinoma.  

The results of the present study revealed that the sizes of
LN+ were smaller in rNETs than in rectal adenocarcinoma
using CECT and pathological findings. Moreover, the cut-off
values for the LN minor axis of the LN+ of rNETs and
adenocarcinoma on CECT images were calculated as 5 and 
7 mm, respectively, in the present study. The diagnostic
accuracy of CECT was not satisfactory (sensitivity: 20.0%,
and accuracy: 71.4%) when applying the cut-off value for
rectal adenocarcinoma (7 mm) to rNETs. However, the LN+

of rNETs were diagnosed with very high accuracy (sensitivity:
80.0%, accuracy: 84.6%) by CECT when the cut-off value
was defined as 5 mm or larger in the minor axis. These results
suggest that the diagnostic criteria of LN+ for rectal
adenocarcinoma cannot be applied to rNETs in clinical
settings. We considered the evaluation of LNs in preoperative
CECT findings using as criterion for assessing the existence
of LN+ in rNETs “a short axis of 5 mm or greater”, to
potentially decrease the rate of false-staging in pre-operative
settings and avoid misleading over or under-treatments.    

Furthermore, the present study revealed an interesting
characteristic of regional LNs in rNETs; they were
significantly smaller than in rectal adenocarcinoma regardless
of metastasis. This may have been due to the following
differences in the characteristics between each tumor.
Colorectal cancer tissues generally induce inflammation
through the production of proinflammatory cytokines, which
often facilitate cancer proliferation or metastasis (21). This
inflammatory reaction spreads in the tissue surrounding a
tumor, resulting in the swelling of LNs. Therefore, some large
LNs regardless of metastasis are often detected around cancer
tissues and exhibit strong inflammatory reactions. In contrast,
the relationship between rNETs and inflammation has not yet
been examined. This difference in the strength of
inflammation derived from a tumor may result in various LN
sizes irrespective of metastasis. 

There were some limitations that need to be addressed.
This was a retrospective and single-institution study with a
small sample size, which may limit statistical power and
generate a statistical bias. Furthermore, the study included
cases undergoing pre-operative non-thin slice CT. In one
rNET case with pathologically diagnosed LN+ among the
present cases, non-thin slice CECT (slice thickness: 5 mm)
did not reveal swollen regional LNs, such as 5 mm or larger
in the minor axis, in pre-operative screening. These LNs may
have been detected if thin-slice CECT was used for the pre-
operative evaluation of this case. Another limitation is that
the sizes of fresh samples, unaffected by formalin fixation,
were not analyzed just after surgery in the present study
because of the lack of these data in our Institution. However,
a previous study reported that radiographic tumor sizes were
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Table IV. Diagnostic accuracy of CT in detecting lymph node metastasis using cut-off values calculated by a ROC analysis.

                                              Cut-off value                     cN (+)                    pN (+)                      Sensitivity                 Specificity                   Accuracy

Adenocarcinoma                        ≥7 mm                           19/45                     17/45                          82.4%                        82.1%                         82.2%
rNETs                                         ≥7 mm                            1/14                       5/14                           20.0%                       100.0%                        71.4%
                                                   ≥5 mm                            5/14                       5/14                           80.0%                        87.5%                         84.6%

Cut-off value: The value calculated by the ROC curve for detecting lymph node metastasis using CT (adenocarcinoma: minor axis of 7 mm or
larger, NETs; minor axis of 5 mm or larger); cN(+): clinically diagnosed metastasis of lymph nodes by pre-operative CT; pN(+): pathologically
diagnosed metastasis of lymph nodes after surgery; rNETs: rectal neuroendocrine tumors.



significantly smaller than post-resection fresh tumor sizes
(22). It is not, therefore, evident whether radiologic findings
of LN size are consistent with those of fresh samples. In
addition, it was not possible to examine the diagnostic
accuracy of LN+ in rNETs by MRI in the present study
because there were some cases without pre-operative MRI,
which has recently been regarded as one of the indispensable
pre-operative examinations in surgery for rectal tumors.
Further investigations of its diagnostic accuracy for rNETs
are needed. Nevertheless, the present study demonstrated the
essentiality of diagnostic criteria specific to rNETs, and the
diagnostic accuracy of the clinical staging of rNETs. The
results of the present study need to be validated in studies
with large sample sizes for a precise clinical diagnosis and
appropriate decision-making regarding surgical indications
for rNETs. 

Conclusion

The present study revealed that the sizes of LN+ were smaller
in rNETs than in rectal adenocarcinoma on CECT and in
pathological findings, suggesting that the imaging criteria of
LNs used for rectal adenocarcinoma in clinical evaluations of
regional LNs cannot be applied to rNETs. Furthermore, in
consideration of many limitations, LN+ in rNETs may be
clinically evaluated with a high accuracy when defining it
with a minor axis of 5 mm or greater on CT images.  
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