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Abstract
AIM: To assess the role of computed tomography (CT) 
and magnetic resonance imaging (MRI) and establish 
imaging criteria of lymph node metastasis in early 
colorectal cancer.

METHODS: One hundred and sixty patients with early 
colorectal cancer were evaluated for tumor location, 
clinical history of polypectomy, depth of tumor inva-
sion, and lymph node metastasis. Two radiologists 
assessed preoperative CT and/or MRI for the primary 
tumor site detectability, the presence or absence of 
regional lymph node, and the size of the largest lymph 
node. Demographic, imaging, and pathologic findings 
were compared between the two groups of patients 
based on pathologic lymph node metastasis and optimal 
size criterion was obtained.

RESULTS: The locations of tumor were ascending, 
transverse, descending, sigmoid colon, and rectum. 
One hundred and sixty early colorectal cancers were 
classified into 3 groups based on the pathological 
depth of tumor invasion; mucosa, submucosa, and 
depth unavailable. A total of 20 (12.5%) cancers with 
submucosal invasion showed lymph node metasta-
sis. Lymph nodes were detected on CT or MRI in 53 
patients. The detection rate and size of lymph nodes 
were significantly higher (P  = 0.000, P  = 0.044, re-
spectively) in patients with pathologic nodal metastasis 
than in patients without nodal metastasis. Receiver op-
erating curve analysis showed that a cut-off value of 4.1 
mm is optimal with a sensitivity of 78.6% and specific-
ity of 75%.

CONCLUSION: The short diameter size criterion of 
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≥ 4.1 mm for metastatic lymph nodes was optimal for 
nodal staging in early colorectal cancer.
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Core tip: This study is the first study on the imaging 
criterion of lymph node metastasis in early colorectal 
cancer. The results suggest that the detection rate and 
the size of lymph nodes (LNs) were significantly higher 
in patients with pathologic nodal metastasis. The 
optimal size criterion for LN metastasis was ≥ 4.1 mm 
in early colorectal cancer.
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INTRODUCTION
Early colorectal carcinoma is defined as invasive carci-
noma that has not spread in the direction continuity 
beyond the submucosal layer[1]. Recent advances in endo-
scopic instruments and techniques have increased the 
detection of  small colorectal lesions, early colon cancers 
and adenomas[2]. The accurate assessment of  lymph node 
(LN) metastasis in early colorectal cancer (CRC) is crucial 
for deciding appropriate treatment strategies such as 
endoscopic resection or surgery as well as for a prognostic 
factor[3]. Mucosal colorectal carcinoma is believed to 
have no potential for lymph node metastasis; however, 
reported incidences of  lymph node metastasis in patients 
with submucosal carcinoma vary from 3.5% to 38%[4]. 
Risk factors for the lymph node metastasis of  early 
colorectal cancers are deep invasion of  depth, invasion 
of  polyp stalk, poorly differentiated adenocarcinoma and 
presence of  lymphovascular invasion[5-8]. However, these 
risk factors can be assessed only after the endoscopic 
removal of  tumors and preoperative or pre-procedural 
diagnosis of  lymph node metastasis with computed 
tomography (CT) or magnetic resonance imaging (MRI) 
is difficult. There have been a number of  different 
imaging criteria for lymph node metastasis in colorectal 
carcinomas[9-22]; however, to the best of  our knowledge, 
there have only been limited studies on early colorectal 
carcinoma. This study evaluates the imaging risk factors 
for LN metastasis in early CRCs and develops adequate 
diagnostic size criteria for LN metastasis in patients with 
early CRC.

MATERIALS AND METHODS
Participants
This study received study-specific institutional review 
board approval and a waiver of  informed consent was 
obtained. Patients with surgically proven early colorectal 
cancer who underwent CT and/or MRI before radical 
resection (surgical excision of  tumor mass and regional 
lymph node dissection) were retrospectively analyzed. 
We enrolled 160 patients (age range: 20-85 years; mean 
age: 59.7 years, male: 90, female: 70) for this study. Out 
of  160 patients, 141 patients underwent CT, 61 patients 
underwent MR examination and 42 patients underwent 
CT and MR examination before surgery. Lymph node 
size on MR was used for subjects who underwent both 
exams.

CT
All CT scans were obtained with one of  the following 
commercially available multidetector CT scanners (Sen-
sation 64; Siemens Medical Solutions, Erlangen, Ger-
many), LightSpeed VCT; (GE Medical Systems, Mil-
waukee, Wisconsin). Each patient received 120 mL of  
nonionic contrast agent (iopromide, Ultravist 300; Bayer 
Schering Healthcare, Berlin, Germany) at a rate of  3 mL/s. 
Single-phase contrast-enhanced scans were obtained with 
a scanning delay of  75 s after Ⅳ administration of  the 
contrast agent with 5 mm section thickness. The scanning 
parameters using Sensation 64 and LightSpeed VCT 
were: detector configuration, 0.6 × 32 mm/0.625 × 64 
mm; nominal section thickness, 0.75/0.625 mm; beam 
pitch, 1/1; gantry rotation time, 0.5/0.5 s; reconstruction 
interval, 0.75/0.625 mm; tube voltage, 120/120 kV(p). 
Automated tube current modulation was routinely used 
for all patients and performed with a 64-detector row 
CT scanner (CareDose 4D, Siemens Medical Solutions 
with 210 image quality reference milliampere-s/AutomA, 
GE Healthcare with a noise index of  14). The data 
were reformatted in the axial and coronal planes with 
a 5-mm section thickness and a 5-mm interval. All the 
CT images were reviewed with a picture archiving and 
communication system workstation (Marotech 5.4, Seoul, 
South Korea).

MRI
MRI was performed using a 3T MR scanner (Magnetom 
Verio; Siemens Medical Solutions, Erlangen, Germany) 
with a phased-array multi-coil. Before MR scanning, 
approximately 50-100 mL of  sonography transmission 
gel was administered for an appropriate distension of  
the rectum. The MR images were performed with the 
following sequences: A sagittal image was obtained with a 
T2-weighted fast spin-echo sequence. The perpendicular 
plane to the long axis of  the rectal cancer was selected 
for axial scanning: oblique axial T1-weighted fast spin-
echo sequence [TR/TE of  750/10; flip angle of  150; 
field of  view (FOV) of  200 × 200 mm; matrix size of  

557 January 14, 2015|Volume 21|Issue 2|WJG|www.wjgnet.com



320 × 224; 2 NEX; slice thickness of  5 mm with no gap; 
and acquisition time of  4 min 31 s] and oblique axial T2-
weighted fast spin echo sequence (TR/TE of  4000/118; 
flip angle of  140; FOV of  200 × 200 mm; matrix size 
of  320 × 224; 2 NEX; slice thickness of  5 mm with no 
gap; acquisition time of  3 min 27 s). Diffusion-weighted 
MR images were acquired in the sagittal and oblique axial 
plane using a single shot-echo planar imaging technique 
with b of  0, 500 and 1000 s/mm2; TR/TE of  6100/83; 
FOV of  200 mm; matrix size of  104 × 73; 2 NEX; slice 
thickness of  5 mm with no slice gap; and an acquisition 
time of  2 min 30 s. The contrast-enhanced T1-weighted 
image with fat suppression on the axial plane with TR/
TE of  640/13; flip angle of  150; and slice thickness of  
5 mm was obtained after an intravenous bolus injection 
of  0.1 mmol/kg Gadobutrol (Gadovist, Schering, Berlin, 
Germany) at a rate of  3 mL/s followed by a 25 mL saline 
flush.

Image interpretation
Two experienced board-certified radiologists (with 
10- and 2-year experience in abdominal CT and MRI, 
respectively) were blinded for histological results and 
assessed preoperative CT and/or MR images for this 
study by consensus with access to the endoscopic fin-
dings of  tumor location. Radiologists recorded the 
location and size of  the mass, detectability of  regional 
LNs 3 mm or larger and the size of  regional LNs, when 
tumors were viewed on CT or MRI. Suspicious lymph 
nodes less than 3 mm were ignored because they cannot 
be differentiated from vascular structures or other non-
specific soft tissue densities. The corresponding seg-
ment mentioned on endoscopy was evaluated for the 
evaluation of  regional LNs, if  the primary tumors were 
not visible; subsequently, radiologists evaluated the 
mesorectum for cases of  rectal cancer and evaluated the 
sigmoid mesocolon for cases of  sigmoid colon cancer. 
Two readers assessed primary tumor site detectability 
and the presence or absence of  regional lymph nodes. 
They also measured the largest diameter of  primary 
mass and short diameter of  regional lymph nodes. A 3rd 
radiologist reviewed medical records for a clinical history 
of  polypectomy (or endoscopic mucosal/submucosal 
resection) when patients were imaged and reviewed 
colonoscopic and histopathologic reports.

Pathology
A 3rd radiologist reviewed the pathologic reports for 
tumor depth of  invasion, the presence or absence of  
lymph node metastasis and the number of  metastatic 
lymph node. A 10-year experienced pathologist mea-
sured the size of  20 metastatic lymph nodes in short 
diameter.

Statistical analysis
Patients were divided into two groups based on pathologic 
lymph node metastasis. Differences in sex, age, tumor 
depth, tumor location, detectability of  primary tumor 

site, detectability of  regional lymph node, and lymph 
node size between those with lymph node metastasis 
and those without lymph node metastasis were tested. 
Univariate analysis was performed with Student’s t-test 
for numerical data or the χ 2 test and Fisher’s exact test for 
categorical data. Differences were considered significant 
when the P-value was less than 0.05. Receiver operating 
characteristic (ROC) analysis was used to obtain optimal 
lymph node size criterion. The area under the ROC curve 
was evaluated for diagnostic performance.

RESULTS
A total of  52 patients underwent CT or MRI after 
preoperative polypectomy and 17 endoscopic tumor 
resection sites were detected on CT or MRI among 52 
patients. Out of  160 primary colonic masses, 77 tumors 
(mean size 2.7 cm; range: 0.8-8 cm) were detected on CT 
or MRI. The tumor location was divided into 5 groups; 
ascending (n = 17), transverse (n = 15), descending (n 
= 8), sigmoid colon (n = 50), and rectum (n = 70). A 
total of  160 early colorectal cancers were divided into 
3 groups based on the pathological depth of  tumor 
invasion; mucosa (n = 17), submucosa (n = 133) and 
depth unavailable (n = 10). A total of  20 (12.5%) 
cancers with submucosal invasion showed lymph node 
metastasis; however, there was no lymph node metastasis 
in any patients with mucosal cancer or with early cancer 
with unavailable depth. Recognizable lymph nodes were 
detected in 53 patients on CT or MRI near the primary 
tumor (Figures 1 and 2) or corresponding colonic seg-
ment of  endoscopic finding (mean short diameter of  
lymph node; 4.5 mm, range: 3-14 mm). The average short 
diameter of  20 pathologic metastatic lymph nodes was 4.8 
mm (range: 1.9-8.5 mm).

Only the detectability of  regional lymph nodes and 
lymph node size showed a significant difference between 
nodal metastatic and non-metastatic groups (Table 1). 
The detection rate of  lymph nodes was significantly 
higher (P = 0.000) in the pathologic nodal metastatic 
group (15/20) than in the non-metastatic group (38/140). 
The mean short axis diameter of  the largest regional 
lymph nodes was significantly higher (P = 0.044) in the 
nodal metastatic group (5.686 mm) than in the non-
metastatic group (4.121 mm).

ROC analysis was performed on the lymph node 
size parameter to obtain optimal diagnostic criterion 
to diagnose lymph node metastasis. The area under the 
ROC curve was 0.809 and the ROC curve showed that a 
criterion of  4.1 mm was optimal to diagnose lymph node 
metastasis, with a sensitivity of  78.6% and specificity of  
75% (Figure 3).

DISCUSSION
The incidence of  lymph node metastasis in early colon 
cancer is 7%-15% and the risk of  lymph node metastases 
rises with advancing mural invasion into submucosa, up 
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Figure 1  Early rectal carcinoma and lymph node metastasis on computed tomography and magnetic resonance imaging. A: Axial T2-weighted image shows 
polypoid rectal carcinoma (arrows); B: Axial T1-weighted image shows regional lymph node with 4.5 mm in short axis diameter (black arrow); C: Axial computed 
tomography scan shows the same regional lymph node (white arrow) as in B.
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Figure 2  Early rectal carcinoma and lymph node metastasis on computed tomography and magnetic resonance imaging. A: Axial T2-weighted image shows 
polypoid rectal carcinoma (black arrow); B: Axial T2-weighted image shows perirectal lymph node (white arrow); C: Coronal computed tomography scan shows the 
same lymph node (white arrow); D: Axial T2-weighted image shows an enlarged left obturator lymph node (black arrow). These metastatic lymph nodes were one-to-
one correlated pathologically.
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Table 1  Demographic, imaging, and pathologic variables and lymph node metastasis

to 23%-38.5% in cases with the tumor depth of  invasion 
over two thirds of  submucosa[23]. Our study showed a 
12.5% lymph node metastasis in early CRC patients, 
which is compatible with previous studies.

Conventional radiologic lymph node metastasis 
evaluation is traditionally based on nodal size and shape. 
There have been significant efforts to assess lymph node 
metastasis by size or other criteria. In previous reports, 
one of  the general size criteria for nodal metastasis was 
1cm in the short diameter[24]. Continuous technological 
advancements in CT and MR equipment made it possi-
ble to detect LNs as small as 5 mm on CT and MRI due 
to improved image resolution. Additionally, a higher 
rate of  nodal micro metastases smaller than 5 mm has 
been reported in pathologic reports. Recent studies 

for rectal cancer presented 5 mm as an optimal size 
criterion, which showed moderate sensitivity (68%) and 
specificity (78%)[14-16,21,22]. However, a 5 mm cut-off  value 
for LN metastasis in our early CRC group resulted in 
a sensitivity of  50% and a specificity of  81.6%. This 
too low sensitivity was caused by small-sized metastatic 
LNs. According to the pathologic reports, 30%-50% 
of  metastatic lymph nodes in rectal cancer including 
both advanced and early cancer were smaller than 5 mm 
in size[21,22]. In the review of  pathologic reports of  our 
early CRCs, the average short diameter of  metastatic 
lymph nodes was 4.8 mm and 56% of  metastatic LN 
was less than 5 mm. Consequently, we need a modified 
size criterion for early colorectal cancer. The ROC curve 
analysis of  short axis diameter of  LNs in our study 
showed that a criterion of  4.1 mm or larger was optimal 
to diagnose LN metastasis in early CRC.

One obstacle to a smaller cut-off  value of  LN dia-
meter was the ability of  imaging modalities to detect 
small lymph nodes. Previous studies indicated that the 
smallest lymph nodes that can be detected were 5 mm 
for CT, and 3 mm for MR with using a spiral CT and a 
1.5-T MRI[16,22]. Our study differentiated lymph nodes 
as small as 3 mm from other structures (such as blood 
vessels) due to the improved resolution of  a 64 channel 
multi-detector row CT.

Unlike our study, a prior study showed no significant 
difference in the MRI detectability of  LNs between nodal 
metastatic and non-metastatic groups[9]. The difference in 
findings also can be explained by the different incidence 
of  enlarged reactive LNs between advanced and early 
cancers. The reactive LNs are usually not visible on 
imaging studies, but some enlarged reactive LNs can be 
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Non-metastasis Metastasis P  value

Sex (n) 0.547
   M   80 10
   F   60 10
Age (yr) 59.89 (20-85) 58.75 (38-81) 0.672
Tumor depth (n) 0.129
   Mucosa   17   0
   Submucosa 113 20
Tumor location (n) 0.756
   Ascending   15   2
   Transverse   13   2
   Descending     6   2
   Sigmoid   45   5
   Rectum   61   9
Detectability of primary tumor site (n)
   Yes   82 12 1.000
   No   58   8
Detectability of regional lymph node (n)
   Yes   38 15  0.0001

   No 102   5
Lymph node size (mm) 4.121 (3-6.5) 5.686 (4-14)  0.0442

1The detection rate of lymph nodes was significantly higher (P = 0.000) in the pathologic nodal metastatic group (15/20) than in the non-metastatic group 
(38/140); 2The mean short axis diameter of the largest regional lymph nodes was significantly higher (P = 0.044) in the nodal metastatic group (5.686 mm) 
than in the non-metastatic group (4.121 mm).
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Figure 3  Receiver operating characteristic curve of short axis diameter. A 
criterion of 4.1 mm (star) showed optimal sensitivity (78.6%) and specificity (75%).
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detected on CT/MRI. The prior study included mostly 
advanced stage rectal cancers (46/49) unlike our study 
which consisted of  only early stage cancers. There-
fore, we can presume that advanced cancers have a 
higher incidence of  enlarged reactive LNs, which can 
be visualized on imaging, on the contrary to the lower 
incidence of  enlarged reactive LNs in patients with 
early CRC. Consequently, we should pay more attention 
to lymph node detection for patients with early CRCs, 
because detectable LNs associated with early cancer are 
more likely metastatic rather than reactive LNs.

There are several limitations to our study. It was a 
retrospective study that may have various biases. Of  
particular note, most of  metastatic LNs could not be 
correlated with the CT or MRI due to retrospective 
design. Nevertheless, our study showed significant 
difference in LN detectability of  CT and MRI between 
metastatic and non-metastatic group. Therefore, our 
findings imply that LNs around early cancer on CT and 
MRI require attention in clinical practice. The number 
of  metastatic lymph nodes were relatively small (n = 20); 
and may not reveal a real difference between the two 
groups. Selection bias is another inevitable component in 
a retrospective study. Although our study did not show 
significant difference among demographic data between 
nodal metastatic and non-metastatic groups, measurement 
error or inconsistent sensitivity of  radiologists can be 
a confounding factor. To overcome this limitation, we 
need further prospective studies. In addition, we did 
not apply morphologic criteria, because morphologic 
evaluation was difficult in early CRC due to the small size 
of  the lymph nodes. This study included patients without 
detectable primary tumors, and a limited evaluation 
of  the corresponding mesocolon of  primary tumor. 
However, our results indicated that the detectability of  
the primary tumor did not affect the pathologic LN 
metastasis. In clinical practice, radiologists should evaluate 
nodal status even in cases blinded to the exact location of  
the primary colon mass or when not visible due to small 
size, incomplete colon distention or post removal state. 
Our results indicated that a careful observation of  the 
corresponding mesocolon segment is still important even 
in cases without detectable primary colon mass. The final 
limitation to our study was that the CT scanners used in 
our study were the most state-of-the-art equipment; 64 
channel multi-detector CTs. Further studies are required 
for the reproducibility of  small LN detection of  3 mm 
in lower-powered 8 or 16 channel CTs.

In conclusion, the advancement in imaging modalities 
will enable the detection of  smaller lymph nodes and the 
establishment of  more accurate size criteria for lymph 
node metastasis. Lymph node detectability and size 
of  visible lymph nodes on CT/MR were significantly 
different between pathologic nodal metastatic and non-
metastatic groups of  patients with early colorectal 
carcinomas. A 4.1 mm short axis diameter criterion is 
believed optimal in the CT/MR evaluation of  regional 
lymph node metastasis in patients with early colorectal 

carcinoma.
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