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Abstract

Background: Endoscopic and transanal local resection without lymph node dissection are treatment options for patients with a low
risk of lymph node metastasis; however, some patients might have undiagnosed lymph node metastases before surgery. This
retrospective study aimed to evaluate the efficacy of preoperative PET/CT for diagnosing regional lymph node metastasis.

Methods: Patients who underwent curative resection with lymph node dissection for colorectal cancer at Osaka University between
January 2012 andDecember 2015were included. The cut-off values appropriate for diagnosing lymph nodemetastasiswere calculated
by way of a receiver operating characteristic (ROC) curves frommaximum standard unit value (SUVmax) of main tumour, and lymph
node short axis, and SUVmax of lymph node. The cut-off values of primary tumour SUVmax: 7, short-axis diameter of the lymph node
at 7 mm, and lymph node SUVmax at 1.5 were set.

Result: A total of 541 patients were included. Regional lymph node metastases were confirmed in resected specimens from 187
patients (35 per cent). With a primary tumour SUVmax of 7 used as a cut-off value, the sensitivity and specificity of regional lymph
node metastasis were 70.1 per cent and 45.5 per cent respectively. With a cut-off short-axis diameter of the regional lymph node of
7 mm, the sensitivity and specificity of regional lymph node metastasis were 75.2 per cent and 82.6 per cent respectively, and with
a cut-off regional lymph node SUVmax of 1.5, the sensitivity and specificity of regional lymph node metastasis were 78.6 per cent
and 96.8 per cent respectively. When the diagnostic criteria were defined by a lymph node short-axis diameter of 7 mm or SUVmax
of 1.5, the sensitivity and specificity were 87.4 per cent and 81.8 per cent respectively.

Conclusion: Preoperative PET/CT is a usefulmodality for evaluating regional lymphnodemetastasis in patientswith colorectal cancer.

Introduction
Colorectal cancer is the fourth most common cancer globally and
second commonest cause for cancer death1. According to the
WHO GLOBOCAN database, the number of patients with
colorectal cancer in 2018 exceeded 1.8 million worldwide2.
Accurate diagnosis of lymph node metastasis is critical for
predicting prognosis and determining the treatment strategy for
colorectal cancer3,4. In recent years, endoscopic and transanal
local resection without lymph node dissection have been
increasingly offered as part of a less-invasive treatment strategy
with sphincter preservation5,6. In Japan, the 2019 Guidelines for
Treatment of Colorectal Cancer state that local excision is
indicated for cTis and cT1 cancer (slight invasion) located distal
to the second Houston valve (peritoneal reflection). Histological
assessment of resected specimens as part of a multidisciplinary
discussion, guide the need for additional surgical resection
when there is a possibility of lymph node metastasis7.

Lymph node metastases on postoperative pathological
examinations were detected in approximately 7–15 per cent of

patients with T1 colorectal cancer8,9, emphasizing the need for
an accurate preoperative diagnosis.

Preoperative diagnosis of lymph node metastasis generally
relies on the size, density, and morphology from CT/MRI

examinations. Several reports discussing the accuracy of

preoperative lymph node metastasis used short-axis diameters

between 5 mm and 10 mm as cut-off values, but a consensus

remains to be established10–12. CT is known to have limitations

in the preoperative diagnosis of lymph node metastasis. A

previous report stated that although preoperative CT accurately

distinguishes between tumours confined to the bowel wall and

those invading beyond the muscularis propria, it has

significantly poorer performance for identifying nodal status13.

Other predictors of lymph node metastasis include several

pathological factors such as the depth of tumour invasion,

lymphatic vessel invasion, and venous invasion; however, most

of them are diagnosed after surgery using resected specimens
and are difficult to apply in preoperative diagnosis14. A final
decision about whether to perform regional lymph node
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dissection is made based on a comprehensive assessment of the
curability and surgical risks.

18F-fluorodeoxyglucose (18F-FDG) PET/CT, which is a modality
that reflects the biological activity of the tumour itself, has been
used widely for preoperative evaluation of colorectal cancer15,16.
A previous report demonstrated the efficacy of PET/CT for the
preoperative diagnosis of lateral lymph node metastases in
patients with rectal cancer17. This study aimed to assess the
effectiveness of PET/CT and determine the optimal cut-off
values for the preoperative diagnosis of regional lymph node
metastasis in colorectal cancer.

Methods
Patients
This retrospective study included patientswho underwent radical
resection of colorectal cancer with lymph node dissection at
Osaka University (Suita City, Japan) between January 2012 and
December 2015. The exclusion criteria were no preoperative
PET/CT, cancers with background colitis, localized recurrent
tumour, local excision, and tumours histologically characterized
as squamous cell or neuroendocrine carcinoma.

The study was approved by the Research Ethics Committee of
Osaka University (approval ID 12418-6) and was performed
following the Declaration of Helsinki and Good Clinical Practice
Guidelines. All patients provided written informed consent

before any form of clinical examination. This study was
conducted in accordance with the equator network using
Standards for Reporting of Diagnostic Accuracy Studies (STARD)
2015.

PET/CT
PET imaging was performed briefly using 18F-FDG PET/CT by way
of a Discovery 710 instrument (GE Health Japan).
Three-dimensional data acquisition was initiated 60 min after
the injection of 4.8 MBq/kg of FDG. The PET parameters included
the maximal standardized uptake value (SUVmax). The SUVmax
in the region of interest (ROI) was used as a representative value
for assessing FDG uptake in the lesion17.

Multidetector row CT
Multidetector row CT (MDCT) was sequentially performed after
PET/CT on the same day. The MDCT parameters were as follows:
tube voltage 120 kV, tube current 10–320 mA, using automatic
exposure control in the x, y, and z planes with a noise index of
11.0, rotation speed of 0.6 s/r, helical pitch of 17.5 mm/r, and
slice　thickness of 0.625 mm. The reconstruction intervals were
set to 0.5 mm. For the contrast-enhanced MDCT images, a
non-ionic contrast agent with an iodine concentration of 350 mg
I/ml (Optiray, Guerbet Japan, Osaka, Japan) was infused at a flow
rate of 4.0 ml/s followed by saline at the same rate during the
arterial phase scanning with a dual-head injector (Stellant,
Medrad, Indianola, Pennsylvania, USA). The volume of injected
contrast agent was 100 ml for patients weighing less than 49 kg
and 2.0 ml/kg for patients weighing 50 kg or more. To determine
the arterial phase scan delay, a test injection with 10 ml contrast
agent and 10 ml saline administered at the same rate was
performed18.

Evaluation of diagnostic performance
The diagnostic performance of the PET/CT SUVmax for regional
lymph nodes in patients with colorectal cancer was examined.
The regional lymph nodes were divided into three groups: the
pericolic/perirectal, intermediate, and main lymph nodes.
Evaluations were performed according to each region. In each
group, the lymph node with the largest short axis on MDCT was
defined as a lymph node with suspected metastasis, and the
SUVmax was measured. The short axis of each lymph node was
measured using Universal Viewer version 6.0 (GE Healthcare),
and the SUVmax of the target lesion was measured using the
ROI. The optimal cut-off value was determined using a receiver
operating characteristic (ROC) curve. The cut-off value, which is
located at the highest point on the vertical axis and the left end
of the horizontal axis on the ROC curve, was calculated to
maximize the sensitivity and specificity.

Statistical analysis
The appropriate cut-off values for diagnosing metastasis were
calculated using the ROC curves from the postoperative
pathological examination, SUVmax obtained by PET/CT, and
lymph node short-axis diameter from MDCT. The sensitivity,
specificity, positive and negative predictive values, and
diagnostic accuracy were calculated for each diagnostic
criterion. A McNemar test of sensitivity and specificity was used
to compare the detectability of each criterion. Logistic
regression analysis was used to compare the usefulness
between MDCT- and PET/CT-based diagnostic criteria described
above for the preoperative diagnosis of lymph node metastasis.
All statistical tests were performed using Pro 14 for Windows

Table 1 Patient characteristics

Characteristics n=541

Age (years)* 67 (23–92)
Sex ratio (M:F) 314:58/227:42

Tumour location
Caecum and ascending colon 131
Transverse colon 34
Descending colon 23
Sigmoid colon 143
Rectum 210

Tumour differentiation
Well differentiated tubular

adenocarcinoma
276

Moderately differentiated tubular
adenocarcinoma

238

Poorly differentiated adenocarcinoma 16
Mucinous adenocarcinoma 11

Preoperative therapy
Yes/no 46 (8.5)/495 (91.5)

Pathological T category
T0/Tis/T1/T2/T3/T4 7/27/127/102/236/42

Pathological N category
N0/N1/N2 354/128/59

LN metastasis
Positive/negative 187 (35)/354 (75)

Location of LN metastasis
(positive/negative)
Pericolic/perirectal LN metastasis 181/360
Intermediate LN metastasis 43/498
Main LN metastasis 12/529

Pathological stage (UICC TNM 8th)
0/I/II/III/IV 27/185/129/148/52

Primary tumour SUVmax mean (range)* 8.12 (4.62–12.29)
LN SUVmax mean (range)*
Pericolic/perirectal LN metastasis 1.44 (0.36–13.46)
Intermediate LN metastasis 1.01 (0.37–8.45)
Main LN metastasis 0.84 (0.33–4.28)

*Values are n unless otherwise indicated.
SUVmax, maximum standardized uptake value; LN, lymph node.
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(SAS Institute, Cary, North Carolina, USA). Results were
considered statistically significant at P< 0.05.

Results
Incidence of regional lymph node metastasis
Among the 664 patients, 123were excluded due to no preoperative
PET/CT (61 patients), cancer with background colitis (seven
patients), localized recurrent tumour (21 patients), local excision
(31 patients), and squamous cell or neuroendocrine carcinoma
(three patients). A total of 541 patients and 1623 lymph nodes
were examined (Table 1). Regional lymph node metastasis was
identified on histopathological examination in 187 patients (35
per cent). The regional lymph node metastases to the pericolic/
perirectal, intermediate, and main lymph nodes were detected
in 181 (33.4 per cent), 43 (7.9 per cent), and 12 patients (2.2 per
cent) respectively. There were 30 patients with metastases in
two regions and 10 (1.8 per cent) with metastases in all three
regions.

ROC curve analysis for evaluation of cut-off values
Among the 541 patients, the primary tumour SUVmax valueswere
measured for 509 patients. Of the 541 patients, 32 who underwent
additional resection after local excision were excluded because
of the absence of preoperative PET/CT examination. These
measurements were compared and evaluated against the
postoperative histopathological examination. In the 541 patients,
the lymph node with the largest short-axis diameter was
extracted from each region (total of 1623 lymph nodes), and the
optimal cut-off values of the primary tumour SUVmax, lymph

node short-axis diameter, and lymph node SUVmax for the
preoperative diagnosis of lymph node metastasis were
determined using ROC analysis based on the postoperative
pathological diagnosis results (Fig. 1a–c). The optimal cut-off
values of the primary tumour SUVmax, lymph node short-axis
diameter, and lymph node SUVmax were 7.0 mm, 7.0 mm, and
1.5 mm respectively. Based on the ROC analysis, the area under
the curve values were 0.59 mm, 0.83 mm, and 0.91 mm
respectively.

Sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy
At a primary tumour SUVmax cut-off of 7.0, the sensitivity,
specificity, positive predictive value, negative predictive value,
and accuracy for lymph node metastasis diagnosis were 70.1 per
cent, 45.5 per cent, 42.2 per cent, 72.9 per cent, and 54.4 per cent
respectively (Table 2). At a lymph node with short-axis diameter
cut-off of 7 on MDCT, the sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy for
lymph node metastasis diagnosis were 75.2 per cent, 82.6 per
cent, 42.6 per cent, 95.1 per cent, and 81.5 per cent respectively.
At a 1.5 cut-off of lymph node SUVmax on PET/CT, the
sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy of lymph node metastasis

Table 2 Prediction of metastases using PET/CT based on
histopathological diagnosis

Histopathological diagnosis

Negative Positive Total

PET/CT
Negative 148 55 203
Positive 177 129 306

Total 325 184 509

The cut-off of primary tumour SUVmax is set at 7. SUVmax, maximum
standardized uptake value.
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Fig. 2 Distribution of patients in the five groups based on the lymph
node short-axis diameter and SUVmax

Proportion of patients positive for metastasis in the five groups.
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Fig. 1 a Receiver operating characteristic (ROC) curve of the maximum standardized uptake value (SUVmax) in primary tumour as a predictor of
pathological metastasis for regional lymph nodes. b ROC curve of the short axis diameter in the regional lymph nodes as a predictor of pathological
metastasis for regional lymph nodes. c ROC curve of the SUVmax in the regional lymph nodes as a predictor of pathological metastasis for regional
lymph nodes.
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diagnosis were 78.6 per cent, 96.8 per cent, 80.6 per cent, 96.3 per
cent, and 94.0 per cent respectively.

In patients with lymph node metastases, there was no
significant difference in sensitivity between the short-axis
diameters (cut-off value of 7 mm) and SUVmax value of lymph
node (cut-off value of 1.5) by McNemar test (P=0.198).
Meanwhile, in patients without lymph node metastases, there
was a significant difference in specificity between the short-axis
diameters (cut-off value of 7 mm) and SUVmax of lymph node
(cut-off value of 1.5) by McNemar test (P< 0.01). These results
support that determining the lymph node SUVmax on PET/CT is
useful for the preoperative metastasis diagnosis, and the cut-off
value of 1.5 was appropriate for this purpose.

Lymph node short axis on MDCT and SUVmax on
PET/CT as composite criteria
A total of 1623 lymph nodes were classified into five groups using
two criteria: 7 mm lymph node short axis on MDCT and 1.5
SUVmax on PET/CT. Group one included lymph nodes with a
short axis of 7 mm or more and SUVmax of 1.5 or more (192
patients); group two, lymph nodes with a short axis less than
7 mm and SUVmax of 1.5 or more (40 patients); group three,
lymph nodes with a short axis of 7 mm or more and SUVmax
less than 1.5 (228 patients); group four, lymph nodes with a
short axis less than 7 mm and SUVmax less than 1.5 (1079
patients); and group five, lymph nodes undetectable on MDCT
(84 patients) (Fig. 2). The ORs for different groups were
calculated with group four as reference. Compared with group
four, the risk of lymph node metastasis was higher in group one
(OR 168.26, 95 per cent c.i. 99.74 to 283.83) and group two (OR
95.45, 95 per cent c.i. 43.49 to 209.49). A comparison between
lymph nodes with SUVmax of 1.5 or more or a short axis of
7 mm or more and those meeting neither of the criteria revealed
that the risk of metastasis in the former group was higher than
that in the latter group (OR 31.17, 95 per cent c.i. 20.76 to 46.80).

When the diagnostic criteria for metastasis was a lymph node
SUVmax of 1.5 or more or short axis of 7 mm or more on MDCT
and PET/CT, the sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy were 87.4 per cent, 81.8
per cent, 45.2 per cent, 97.4 per cent, and 82.7 per cent
respectively.

Discussion
Although endoscopic and transanal local resection without lymph
node dissection have a role in theminimally invasive treatment of
pT1 colorectal cancer, preoperative diagnosis of lymph node
metastasis with higher accuracy is required. Recent reports have
revealed that regional lymph node metastases on postoperative
pathological examinations were found in approximately 7–15 per
cent of patients with T1 cancer, and recurrence following local
excision occurs in approximately 9 per cent of patients8,9,19.
Colorectal cancer staging with PET/CT examinations has been
reported to be effective and used widely in recent years.
However, there is a paucity of reports on the effectiveness of
PET/CT and optimal cut-off values for preoperative diagnosis of
lymph node metastasis. The results of this study did not show
the usefulness of the SUVmax value of the primary tumour for
the preoperative diagnosis of lymph node status. This is in
contrast with several reports indicating that the SUVmax of the
primary tumour is useful for the diagnosis of lymph node
metastasis and prediction of prognosis20–22.

The highest reliability was obtained when the short-axis
diameter was used as a diagnostic criterion for lymph node
metastasis. The results of the ROC analysis demonstrated that
a short-axis diameter of 7 mm was the most appropriate
criterion. A previous report showed that a cut-off value of 7 mm
for lymph node short-axis diameter is a useful criterion for the
diagnosis of lateral lymph node metastasis in patients with
rectal cancer. Similarly, the present study showed that a 7 mm
short-axis diameter was also an effective cut-off for the
diagnosis of regional lymph node metastasis17. Several reports
have described criteria of lymph node short-axis diameter for
metastasis diagnosis, and the 7 mm cut-off used in this study is
in keeping with these previous reports7–9. The usefulness of the
lymph node SUVmax measurement for the diagnosis of lateral
lymph node metastasis for patients with rectal cancer has been
previously reported, with a lymph node SUVmax of 1.5 being
the optimal cut-off value for this purpose17 as used in this
study. These findings collectively suggest that a lymph node
SUVmax of 1.5 is a universal criterion for diagnosing lymph
node metastasis of colorectal cancer. The SUVmax criteria
reported for lymph node metastasis are approximately 1.2–2.5,
and the criterion of 1.5 is within this range as previously
reported23–26.

Highly sensitive and reliable diagnostic criteria for lymph node
metastasis are necessary to determine the appropriate treatment
strategy in patients with colorectal cancer. The present study
found that the combination of the two criteria with lymph node
short-axis diameter on MDCT and the lymph node SUVmax on
PET/CT, had high sensitivity for detecting lymph node
metastasis. Among the 541 patients included, 157 (29 per cent)
received no preoperative treatment and were found to have T0
or T1 tumour in postoperative pathological examinations.
Among these patients, regional lymph node metastases were
pathologically confirmed in 13 patients (8.2 per cent), and
metastases were found in 14 lymph nodes among them. The
lymph nodes from these patients were included in the analysis
of the effectiveness of the established metastasis diagnostic
criteria. In total, eight had a short-axis diameter of 7 mm or
more on preoperative MDCT, and nine had a lymph node
SUVmax of 1.5 or more on preoperative PET/CT. In summary, 11
of 14 lymph nodes met either of the two criteria.

This study has several limitations. There is no evidence of
consistency between lymph nodes diagnosed as being positive
for metastasis in postoperative pathological examinations
and lymph nodes measured on MDCT and PET/CT. In this
study, only one lymph node was targeted even in patients with
metastases detected in multiple lymph nodes, and all
metastatic lymph nodes could not be evaluated as target
lymph nodes; however, this study examines the efficacy of PET/
CT examinations for diagnosing regional lymph node
metastasis and establishing the optimal cut-off values for this
purpose in 500 or more colorectal cancer cases and 1500 or
more regional lymph nodes with wider applicability to colonic
cancers.
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