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Table 1. Rates of malignant LNs according to SUV and diameter in FDG-PET/CT images

Diameter (mm) suv

0-1.5 1.5-25 2.5-35 35— Total
0-10 16.8% (23/137) 57.1% (4 42.9% (3N 100.0% (2/2) 20.9% (32/153)
10— 0.0% (V1) 60.0% (3/5) 57.1% (4/7) 100.0% (10/10) 73.9% (17723)
Total 16.7% (23/138) 58.3% (7/12) 50.0% (7/14) 100.0% (12/12) 27.8% (49/176)

LN, lymph node; SUV, maximum standardized uptake value; FDG-PET/CT, |8F-fluorodeoxyglucose 1551 graphy puted graphy.

FDG-PET/CT FinpinGs

Table | shows rates of malignant LNs according to SUV and
nodal diameter of representative LNs in 176 LN groups in
88 patients. LNs < 10 mm in diameter were found in 153
groups, whereas LNs > 10 mm in diameter were in 23
groups. Rates of malignancy were 20.9% (32/153) of LNs <
10 mm in diameter and 73.9% (17/23) of LNs = 10 mm in
diameter. Of 153 LNs < 10 mm in diameter, rate of LN
metastases were 16.8% (23/137) in 0—-1.5 of SUV; 57.1%
(4/7) in 1.5-2.5 of SUV; 42.9% (3/7) in 2.5-3.5 of SUV,
and 100% (2/2) in more than 3.5 of SUV, respectively. Of
23 LNs > 10 mm in diameter, there were no malignant LNs
in 0—1.5 of SUV, and the rates were 60.0% (3/5) in 1.5-2.5
of SUV; 57.1% (4/7) in 2.5-3.5 of SUV; and 100% (10/10)
in more than 3.5 of SUV, respectively.

In 43 LNs that were detected, the mean SUV of the malig-
nant LNs was 6.3 (range: 1.1-33.8), and the mean SUV of
the benign LNs was 2.5 (range: 1.3-3.3). The mean
maximum axial diameters of the malignant and benign LNs
were 11.6 mm (range: 5.5-25.6 mm) and 9.7 mm (range:
5.0—15.0 mm), respectively. The difference between the
SUVs was significant (P = 0.01), however, the difference in
maximum axial diameter was not (P = 0.3) (Table 2).

DiagrosTic AsiLity of FDG-PET/CT

The sensitivity, specificity and accuracy by visual diagnosis
of FDG-PET/CT images were 28.6, 92.9 and 75.0%, respect-
ively (Table 3). The receiver operating characteristic (ROC)
curve analysis is shown in Fig. 1. The best combination
between sensitivity and specificity, and thus the highest
accuracy to distinguish benign from malignant LNs, was
found at an SUV cutoff value of 1.5, and the optimal SUV
cutoff value of 1.5 was chosen. At the cutoff value, the
sensitivity, specificity and accuracy of SUV diagnosis were
53.1, 90.6 and 80.1%, respectively, and the sensitivity, speci-
ficity and accuracy of size diagnosis were 30.6, 95.3 and
74.4%, respectively. SUV diagnosis showed the best result in
sensitivity among three methods of diagnosis, and demon-
strated about 25% improvement of sensitivity compared to
size or visual diagnosis,

Table 2. Comparison of SUV and nodal di be lig and
benign LNs
Pathological diagnosis of d d lymph nodes
Malignant Benign LNs P Value
LNs (n = 30) (n=13)
Mean SUV 6.3 5 0.01
Mean diameter (mm) 1.6 9.7 03

Table 3, Nodal diagr by three diagnostic methods

Diagnostic CutofT  Sensitivity Specificity (%) Accuracy (%)

method value (%)

Size 10mm  30.6 (15/49) 953 (121/127) 744 (131/176)

diagnosis

Visual 28.6 (14/49) 929 (118/127)  75.0(132176)

diagnosis

Suv 1.5 53.1 (26/49) 90.6 (115/127)  BO.1 (141/176)

s i 36.8(19/49)  94.5(1200127)  79.0 (139/176)
3.5 24.5(12/49)  100.0 (127/127)  79.0 (13%176)

Table 4 shows the results of the SUV diagnosis, which
were assessed at each LN group. In the PG, the sensitivity,
specificity and accuracy of SUV diagnosis were 51.2, 85.1
and 69.3%, respectively, and in the DG, 62.5, 92.5% and
89.7%, respectively, The results in the DG were superior to
those in the PG. A representative image with LN metastasis
in DG is shown in Fig. 2.

Next, we assessed influence of inflammation on diagnosis
by FDG-PET/CT, because we had the impression that a
false-positive accumulation of FDG was often seen at the
proximal LN group. Figure 3 showed one of the false-
positive cases. There was a huge tumor that invaded directly
into the urinary bladder with abnormal white blood cell
(WBC) counts. We could see the swollen LNs with abnor-
mal uptake of FDG near primary tumor.

When FDG-PET/CT examinations were performed, the
mean WBC count and C-reactive protein (CRP) values were
11 225 (range: 770014 600) and 3.6 (range: 0.09-8.20) in
the four false-positive cases in the PG. In the true-positive
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Figure 1. ROC curve of the lymph node standardized uptake value.

Table 4. Nodal diagnosis st each nodal group using optimal cutoff value of
suv

Nodal group Sensitivity (%) Specificity (%)

B5.1 (40/47)

Accuracy (%)

69.3 (61/88)
89.7 (79/88)

PG 51.2 (21/41)
DG 62.5(5/8)

92.5 (74/80)

PG, proximal group; DG, distal group.

cases, the WBC and CRP values were 6157 (range: 3600-
10 800) and 1.1 (range: 0.06—4.3), respectively. The differ-
ence in WBC count in both false- and true-positive cases
was statistically significant (£ = 0.001) (Table 5). In patients

(A)

with normal WBC counts, the diagnostic ability of SUV
diagnosis was better than in those with abnormal
WBC counts, in terms of specificity (85.1 versus 91.9)
and PPV (75.0 versus 85.7) in the PG (Table 6). In the DG,
only slightly improvements of specificity and PPV were
found.

DISCUSSION

The results of this study indicated that FDG-PET/CT was a
useful modality for preoperative diagnosis of LN metastases
of colorectal cancer. Especially, the superiority was shown
in the diagnosis of distant LNs, by using optimized cutoff
value of SUV.

We compared the diagnostic abilities for LN metastasis
among three methods based on different criteria; abnormal
uptake, nodal diameter and SUV, The conventional evalu-
ation of LN metastasis has mainly been based on nodal size.
The widely accepted size criterion for LN metastasis by gas-
trointestinal tumors is > 10 mm in diameter (13). Monig
et al. (14) reported a significant difference in the average
size of metastatic and non-metastatic LNs in colon cancer
patients, but those up to 90% of the metastatic LNs were
<10 mm in diameter, and Herrera-Omelas et al. (15)
reported similar results. The present study also described
that malignant LNs were included at rates of 20.9% of
LNs < 10 mm in diameter. Moreover, in such small LNs,
we could catch many malignant LNs by using SUV diagno-
sis, and in LNs > 10 mm in diameter, SUV of all malignant
LNs was >1.5. These results indicated that size criterion
was not reliable in correctly assessing the nodal status

(B)

Figure 2. A 24-year-old woman with rectal cancer and only one histologically confirmed lymph node (LN) metastasis. (A) Computed tomography (CT) trans-
axial image. (B) Positron emission tomography (PET) transaxial image. (C) 18F-fluorodeoxyglucose (FDG)-PET/CT fused image. The FDG-PET/CT image

shows a malignant LN along the superior rectal artery (amow). Its standardized uptake value (SUV) was 4.0 and it could not be detected by (71
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Figure 3. A 60-year-old man with sigmoid colon cancer that had directly invaded the urinary bladder. The white blood cell count and C-reactive protein
value were 14 600 and 4.3, respectively, (A) Computed tomography transaxial image. (B) PET transaxial image. (C) FDG PET/CT transaxial image. LN
metastases near the tumor were diagnosed by all three studies, but no LN metastases were demonstrated histologically. This is an example of false-positive

results because of an inflammatory reactive change.

Table 5. Differences of WBC count and CRP between patients with true positive LNs and with false positive LNs

PG DG

True-positive (n = 14) False-positive (4 = 4) P value True-positive (n = 5) False-positive (n = 3) P value
Mean WBC {/ul) 6157 11 225 0,001 6480 7800 04
Mean CRP (mg/dl) 1.1 3.6 0.2 1.4 18 0.7

WBC, white blood cell; CRP, C-reactive protein.

Table 6. Nodal diagnosis in patients with normal WB(

PG DG
All cases  Cases with All cases  Cases with
normal WBC normal WBC

Sensitivity (%)  51.2 50.0 625 57.1
Specificity (%)  85.1 91.9 92.5 939
PPV (%) 75.0 857 45.5 350.0
NPV (%) 66.7 654 96.1 954
Accuracy (%) 69.3 712 897 904

PPV, positive predictive vilue; NPV, negative predictive value.

exactly, and SUV showed great benefit in accurately diagnos-
ing LNs in colorectal cancer.

The presence of abnormal FDG uptake on FDG-PET or
FDG-PET/CT images has been widely accepted as a

116

criterion for differentiation between benign and malignant
disease. FDG uptake has been evaluated mainly by visual
inspection or calculation of the SUV. The value of the SUV
has been reported to be affected by the size of the lesion and
not to be very accurate in small lesions <13 mm (16), so
each investigator has been applied his or her own visual cri-
teria for diagnosis of LN metastasis (17-20). In the present
series, although some malignant LNs did not have abnormal
uptake, the mean SUV of malignant LNs was significantly
higher than that of benign LNs. Consequently, SUV diagno-
sis yielded more accurate results than the visual or size diag-
nosis. Diagnosis using SUV could be the most valuable
[ assessing FDG uptake objectively to diagnose LN
metastasis of colorectal cancer
In this study, diagnostic ability for metastasis at the
distant sites showed better results than that at the proximal
sites, FDG-PET/CT provided very low sensitivity at sites
near the primary tumor, the same as that reported in
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previous studies of FDG-PET (9,10). The low sensitivity at
the proximal sites in the present study may be explained
by LNs near a primary tumor that cannot be distinguished
from the tumor or physiological uptake on FDG-PET/CT
images.

Inflammatory change by the primary colorectal cancer
may have affected the results of our study. In the PG, the
mean WBC count in the false-positive cases by SUV diag-
nosis was significantly higher than in the true-positive
cases. The specificity and PPV of SUV diagnosis in the
patients with a normal WBC count were better in the PG,
No such difference was seen in the DG. This suggests that
LNs near a primary tumor with inflammation often appear
to have abnormal FDG uptake and are diagnosed as false
positive. This is one of the limitations caused by the prop-
erties of FDG. FDG is a glucose analog that is taken up
into cells by the large number of GLUT-1 transporters
located on the cell membrane. Macrophages and neutro-
phils, whose numbers are increased in inflamed tissue, use
glucose as an energy source and have an increased level
of FDG uptake, the same as cancer cells. Several new
tracers have been developed in recent years as agents to
image tumor cells through different and specific aspects of
malignant metabolism (21-23).

A sensitivity of 63% and an accuracy of 90% based on
SUV-based diagnosis for distant LN are much better than
those reported by CT, MRI or PET alone (1,2,9,10). SUV
diagnosis in this study improves sensitivity by approximately
20-30% compared to sensitivity that has been reported by
other modalities of images. Thus, FDG-PET/CT has a great
ability to detect for small malignant lesions. However, this
result is not still enough to tailor the range of LN dissection
in the surgical treatments of colorectal cancer patients. More
studies are needed using other imaging agents to achieve
higher sensitivity.

In conclusion, FDG-PET/CT is a powerful tool for
detection of distant LN metastases in colorectal cancer
patients. SUV is a better criterion for detection of malig-
nant LNs than abnormal FDG uptake or the nodal diam-
cter. On the other hand, the inflammation near primary
tumor yields false-positive accumulation of FDG to proxi-
mal nodes.
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