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Purpose: Lymph-node metastasis is considered as critical prognostic factor in colorectal cancer. A preoperative evaluation
of lymph-node metastasis can also help to determine the range of distant lymph node dissection. However, the reliability of
"*F-fluorodeoxyglucose positron emission tomography/computed tomography (FDG-PET/CT) in the detection of lymph-
node metastasis is not fully known.

Methods: The medical records of 433 patients diagnosed with colorectal cancer were reviewed retrospectively. FDG-PET/
CT and CT were performed on all patients. Lymph nodes were classified into regional and distant lymph nodes according
to the American Joint Committee on Cancer (AJCC) Cancer Staging Manual, 7th edition.

Results: The patients included 231 males (53.3%) and 202 females (46.7%), with a mean age of 64.7 + 19.0 years. For regional
lymph nodes, the sensitivity of FDG-PET/CT was lower than that of CT (57.1% vs. 73.5%, P < 0.001). For distant lymph
nodes, the sensitivity of FDG-PET/CT was higher than that of CT (64.7% vs. 52.9%, P = 0.012). The sensitivity of FDG-PET/
CT for regional lymph nodes was higher in patients with larger primary tumors. The positivity of lymph-node metastasis
for FDG-PET/CT was affected by carcinoembryonic antigen levels, tumor location, and cancer stage for regional lymph
nodes and by age and cancer stage for distant lymph nodes (P < 0.05).

Conclusion: The sensitivity of FDG-PET/CT for regional lymph-node metastasis was not superior to that of CT. However,

FDG-PET/CT provides helpful information for determining surgical plan especially in high risk patients group.
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INTRODUCTION

Colorectal cancer is one of the most common cancers, constitut-
ing a major part of global cancer deaths [1]. Because the lym-
phatic metastasis of cancer cells is one of the major factors that
impact the prognosis of colorectal cancer [2], the accuracy of
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nodal staging is important to predict the prognosis of colorectal
cancer. In particular, the location of metastatic lymph nodes, such
as the metastatic lymph nodes along the aorta or the major vessels
that branch from the aorta, can be a poorer prognostic factor than
the number of metastatic lymph nodes [3]. However, although
the dissection of the lymph nodes along the aorta or the major
supplying vessels is not the standard procedure of colorectal can-
cer surgery and is accompanied by operative risks or complica-
tions, a decision to perform a lymph-node dissection is usually a
prudent one. Therefore, the accuracy of preoperative lymph-node
staging plays an important role in determining the extent of dis-
section required.

The preoperative lymphatic stage can be estimated with imaging
studies, such as computed tomography (CT), magnetic resonance
imaging, and ultrasonography, but many researchers have re-
ported the low sensitivity of these imaging studies as a decisive
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tool for determining lymphatic status [4, 5]. In addition, although
"F-fluorodeoxyglucose positron emission tomography/CT
(FDG-PET/CT) is well-known for its effectiveness in diagnosing
primary tumors or distant organ metastasis, there are no well-de-
fined findings for its reliability and effectiveness regarding the
lymph-node status in patients with colorectal cancer. Therefore,
in this study, we investigated the reliability of FDG-PET/CT in
determining the lymph-node staging for patients with colorectal
cancer, and we addressed the additional issue of improving the
utility of FDG-PET/CT in preoperative lymph-node staging.

METHODS

The medical records of 433 patients who were diagnosed with
colorectal cancer and underwent radical surgery from January
2009 to December 2013 were reviewed. Surgeries that did not in-
volve dissection of the lymph nodes, such as transanal/transrectal
local excisions or palliative surgery, like ileostomy, colostomy, and
bypass surgery, were excluded.

FDG-PET/CT was performed using a Siemens Biograph mCT/128
PET/CT scanner (Siemens Medical Solutions, Hoffman Estates,
Knoxville, TN, USA). All patients fasted for at least 6 hours; their
serum glucose levels were then checked just before the examina-
tion to ensure the levels were below 150 mg/dL. "*F-FDG, 4.81
MBq/kg, was injected, and CT scans were performed after 1 hour.
Then, 1.5-minute emission scans were taken from the base of the
skull to the proximal thigh. These images were also reconstructed.
The interpretation of these FDG-PET/CT images was performed
by one nuclear radiologist, and consistent criteria were used for
interpretation. Also, the interpretation of the CT images was per-
formed by one radiologist using consistent criteria. Patients with
suspicious lymph nodes and metastatic lymph nodes in the FDG-
PET/CT and CT results, as interpreted by our professional radiol-
ogist, were enrolled in our study.

Lymph nodes were classified as regional lymph nodes and dis-
tant lymph nodes in accordance with the American Joint Com-
mittee on Cancer (AJCC) Cancer Staging Manual, 7th edition [2].
Regional lymph nodes are lymph nodes located near the periph-
eral vessels of the colon or rectum where the primary tumors oc-
cur, and distant lymph nodes are lymph nodes along the aorta or
the supplying vessels that branch from the aorta. Distant lymph
nodes are defined differently according to the locations of the pri-
mary tumors, as stated in the AJCC Cancer Staging Manual [2].

The patients were classified into the elderly group and the control
group according to an age of 65 years and into the obese group and
the normal group according to a body mass index (BMI) of 25 kg/
m’. The patients were also divided into two groups by a carcino-
embryonic antigen (CEA) level of 5 ng/dL, which was accepted as
being clinically meaningful. On the histopathologic results, T stage
3 or 4 was interpreted as being a pericolic/perirectal infiltration of
the primary tumor, which was checked by comparison with the
results of the CT scan. The size of the primary tumor was ex-
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pressed by the product of the length and the width of the tumor on
the pathologic results. The mean standardized uptake value (SUV)
of the primary tumor was calculated as about 15. The patients
were then divided into two groups according to the SUV of 15,
and the results were compared.

Noncontinuous variables, like the sex of the patient and the
stage and the location of the primary tumor, were analyzed by us-
ing the chi-square test. Continuous variables, like the age, the du-
ration of the follow-up and the number of lymph nodes, were ex-
pressed as “mean + standard deviation’, and these variables were
analyzed using the independent t-test. The sensitivity, specificity,
positive predictive value (PPV), and negative predictive value
(NPV) of the FDG-PET/CT and the CT were identified and com-
pared by using the McNemar test. Statistical analyses were per-
formed using the IBM SPSS Statistics ver. 20.0 (IBM Co., Ar-
monk, NY, USA), and P-values < 0.05 were considered statistically
significant.

RESULTS

Of 433 patients, there were 231 males (53.3%) and 202 females
(46.7%). The mean age was 64.7 + 19.0 years. The mean BMI was
26.1 + 30.6 kg/m’, and 163 of patients (37.6%) were obese. The
mean level of CEA was 46.7 + 288.6 ng/dL at the time of diagno-
sis. Two hundred forty-seven patients (63.3%) were diagnosed
with colon cancer, and 159 patients (36.7%) were diagnosed with
rectal cancer. On the distribution of stages, there were 8 patients
at stage 0 (1.8%), 77 at stage I (17.8%), and 136 at stage II (31.4%),
for a total of 221 patients (51.0%). There were 143 patients at stage
III (33.0%) and 69 patients at stage IV (15.9%), for a total of 212
patients (49.0%). The mean duration of follow-up was 31.0 + 17.1
months; the recurrent cases were 109 (25.2%), and the mortality
occurred in 91 cases (21.0%) during the follow-up (Table 1).

In the histopathologic results, the mean number of harvested
lymph nodes was 16.5 + 10.4, and lymph-node metastasis was
confirmed in 200 patients. Of these cases, regional lymph-node
metastasis was identified in 196 patients (45.3%), and distant
lymph-node metastasis was identified in 17 patients (3.9%).
When confirming regional lymph-node metastasis with FDG-
PET/CT, the sensitivity was 57.1%, the specificity was 67.5%, the
PPV was 59.3%, and the NPV was 65.6%. When confirming re-
gional lymph-node metastasis with CT, the sensitivity was 73.5%,
the specificity was 49.8%, the PPV was 54.8%, the NPV was
69.4%. When identifying regional lymph-node metastasis, the
sensitivity was lower and the specificity was higher in FDG-PET/
CT than in CT (P < 0.001). When confirming distant lymph-node
metastasis with FDG-PET/CT, the sensitivity was 64.7%, the
specificity was 65.6%, the PPV was 7.1%, and the NPV was
97.8%. When confirming distant lymph-node metastasis with CT,
the sensitivity was 52.9%, the specificity was 72.4%, the PPV was
7.3%, and the NPV was 97.4%. When confirming distant lymph-
node metastasis, the sensitivity was higher and the specificity was
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Table 1. Demographic characteristics of the patients
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Table 2. Comparison of reliability between FDG-PET/CT and CT in

detecting lymph-node metastasis

Characteristic Value
Sensitivity Specificity PPV NPV
Sex ¥
R
Male 231 (63.3) -
Regional lymph node <0.001*
Female 202 (46.7)
PET/CT 571 67.5 59.3 65.6
Age (y)
CT 73.5 49.8 54.8 69.4
Mean + SD 64.7 +19.0 .
Distant lymph node 0.012
<65 215 (49.7)
PET/CT 64.7 65.6 71 97.8
>65 218 (50.3)
CT 52.9 724 7.3 97.4
Body mass index (kg/m?) : —
FDG-PET/CT, "8F-fluorodeoxyglucose positron emission tomography/computed to-
Mean = SD 26.1+30.6 mography; PPV, positive predictive value; NPV, negative predictive value.
<25 270 (62.4) *P < 0.05.
=25 163 37.6) Table 3. Comparison of the reliability of PDG-PET/CT according to
CEA level (ng/mL) the state of the primary tumors in regional lymph nodes
Mean = 5D 467+ 288.6 No.  Sensitivity Specificty PPV NPV
<5 246 (58.2) (%) (%) (%) (%) (%)
>5 177 (41.8) Pericolic infiltration
Missing data 10 Yes 330(76.2)  58.6 61.7 65.0 55.1
Tumor location No 103 (23.8) 385 771 20.8 88.9
Colon 247 (63.3) Tumor size (cm?)
Rectum 159 (36.7) >20 155(35.8)  44.6 64.4 475 61.7
Stage <20 278 (64.2) 50.4 72.8 65.7 58.7
0 8(1.8) Tumor SUV
I 77(17.8) >15 126 (29.1)  79.6 49.4 50.0 79.2
Il 136 (31.4) <15 307 (70.9) 49.3 87.2 65.8 37.8
[l 143 (33.0) FDG-PET/CT, "®F-fluorodeoxyglucose positron emission tomography/computed to-
v 69 (15.9) mography; PPV, positive predictive value; NPV, negative predictive value; SUV,
) ) standardized uptake value.
Preoperative radiotherapy
Yes 27 (6.2)
was 55.1% to detect regional lymph-node metastasis with FDG-
No 406 (93.8) . .
PET/CT. Among the cases where the size of the primary tumor
Recurrence was more than 20 cm’, the sensitivity was 44.6%, the specificity
Yes 109 (25.2) was 64.4%, the PPV was 47.5%, and the NPV was 61.7% to detect
No 324 (74.8) regional lymph-node metastasis with FDG-PET/CT. In the cases
Mortality where the SUV of the primary tumor was more than 15, the sen-
Yes 91 210) sitivity was 79.6%, the specificity was 49.4%, the PPV was 50%,
m Yy and the NPV was 79.2% to detect regional lymph-node metastasis
° | ) with FDG-PET/CT (Table 3)
Follow-up duration (mo) For investigating the factors that affect the interpretation of FDG-
Mean + SD 31.0+17.1 PET/CT for lymph-node metastasis, we performed univariate and

Values are presented as number (%) unless otherwise indicated.
SD, standard deviation; CEA, carcinoembryonic antigen.

lower in FDG-PET/CT than in CT (P = 0.012) (Table 2).

Among the patients who had pericolic/perirectal infiltrations on
their histopathologic results or CT scans, the sensitivity was
58.6%, the sensitivity was 61.7%, the PPV was 65%, and the NPV
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multivariate analyses with some variables. For regional lymph
nodes, factors such as the BMI, the CEA level, the location of the
primary tumor, and the stage showed some significant results with
the univariate analysis. On the multivariate analysis, the CEA level
(P =0.006), the location of the primary tumor (P = 0.023), and the
stage (P < 0.001) were statistically significant for interpreting the
regional lymph-node metastasis (Table 4). For distant lymph

261



Hee Jung Yi, et al.

Table 4. Factors that affect the positive detection rate of regional lymph nodes for FDG-PET/CT

) - Univariate analysis Multivariate analysis
Variable Total (n = 433) Suspicious, n (%)
P-value RR P-value OR (95% ClI)
Sex 0.771 1.071 0.569 1.127 (0.747-1.701)
Male 231 99 (42.9)
Female 202 90 (44.6)
Age (yn) 0.439 0.855 0.363 0.828 (0.551-1.244)
<65 215 98 (45.6)
>65 218 91 (41.7)
BMI (kg/m?) 0.046* 0.663 0.095 0.699 (0.459-1.065)
<25 270 128 (47.4)
>25 163 61(37.4)
CEA level (ng/mL) 0.000* 2.139 0.006* 1.789 (1.182-2.709)
<5 246 89 (36.2)
>5 177 97 (54.8)
Tumor location 0.035 1.533 0.023* 1.633 (1.070-2.491)
Colon 247 109 (39.8)
Rectum 159 80 (50.3)
Stage <0.001* 3.152 <0.001* 2.547 (1.689-3.840)
0,1,and Il 221 72(30.9)
Il and IV 212 117 (58.5)

FDG-PET/CT, "®F-fluorodeoxyglucose positron emission tomography/computed tomography; RR, relative risk; OR, odds ratio; Cl, confidence interval; BMI, body mass in-

dex; GEA, carcinoembryonic antigen.
*P < 0.05.

nodes, factors such as age, level of CEA, and stage showed signifi-
cant results. The age (P < 0.001) and the stage (P = 0.040) were also
statistically significant for interpreting distant lymph-node metas-
tasis (Table 5).

DISCUSSION

As previously mentioned, preoperative staging, especially of the
lymph node status, is helpful to predict the prognosis of patients
and plays an important role in determining more appropriate
treatment plans. Particularly, determining the extent of dissection
required can influence the operative risk and postoperative mor-
bidities [6]; therefore, preoperative lymph-node staging should be
performed with more sensitive and reliable diagnostic tools.
FDG-PET is useful as a preoperative study to diagnose the pri-
mary tumor and distant organ metastasis [7, 8] and is helpful to
detect recurrence after the operation [9]. However, reports have
suggested that such imaging studies have low sensitivities as a di-
agnostic tool for lymphatic status [10, 11]. This is because FDG-
PET images cannot reveal the anatomical structures precisely,
making it hard to distinguish a regional lymph node from the pri-
mary tumor [12]. Moreover, because the FDP-PET image is a
manifestation of the GLUT1 (protein glucose transport 1) in the
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tissue, in some organs that biologically overexpress the GLUT1—
or in the case of an inflammatory reaction, which reads as an
overexpression of GLUT 1—interpretation of the FDP-PET image
can be difficult [13] (Figs. 1, 2).

The combination of the PET image, which results in a metabolic
reaction, and the CT image yields a more accurate image of the
data for anatomical structures. Therefore, the expected accuracy
of FDP-PET/CT in evaluating lymph-node status should be
higher than that of either technique alone. However, previous
studies yielded varying results. While Tateishi et al. [14] reported
a sensitivity of 85.3% and a specificity of 42.1% for lymph-node
metastasis, Kim et al. [15] reported a sensitivity of 61.1% and a
specificity of 87.9%, and Shin et al. [16] showed a sensitivity of
43% and a specificity of 80%.

In this study, for regional lymph nodes, the sensitivity of FDG-
PET/CT was 57.1%, the specificity was 67.5%, the PPV was 59.3%,
and the NPV was 65.6%. For the regional lymph-node evaluation
with a CT scan, the sensitivity was 73.5%, the specificity was
49.8%, the PPV was 54.8%, and the NPV was 69.4%. We expected
to detect more precisely the presence of regional lymph nodes
around the primary tumor by utilizing the advantages of PET and
CT, but the sensitivity of FDG-PET/CT turned out to be lower
and the specificity to be higher than that the corresponding value
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Factors that affect the positive detection rate of distant lymph nodes for FDG-PET/CT

Univariate analysis Multivariate analysis
Variable Total (n = 433) Suspicious, n (%)
P-value RR P-value OR (95% Cl)

Sex 0.422 1.183 0.770 1.064 (0.701-1.617)
Male 231 78 (33.8)
Female 202 76 (37.6)

Age (yr) 0.000* 2.420 <0.001* 2.414 (1.589-3.669)
<65 215 55 (25.6)
>65 218 99 (45.4)

BMI (kg/m?) 0.605 0.880 0.542 0.875 (0.569-1.345)
<25 270 99 (36.7)
>25 163 55 (33.7)

CEA level (ng/mL) 0.010* 1.716 0.055 1.515 (0.992-2.314)
<5 246 75 (30.5)
>5 177 76 (42.9)

Tumor location 0.351 0.819 0.309 0.798 (0.517-1.232)
Colon 247 102 (37.2)
Rectum 159 52 (32.7)

Stage 0.020* 1.619 0.040* 1.554 (1.020-2.367)
0, l,andl 221 71 (30.5)
lll'and IV 212 83 (41.5)

FDG-PET/CT, "8F-fluorodeoxyglucose positron emission tomography/computed tomography; RR, relative risk; OR, odds ratio; Cl, confidence interval; BMI, body mass in-
dex; CEA, carcinoembryonic antigen.
*P < 0.05.

False positive results in "*F-fluorodeoxyglucose positron emission tomography/computed tomography (FDG-PET/CT): (A) FDG up-
take of lymph node was identified in FDG-PET/CT and (B) no enlarged lymph node in CT.

for a CT scan. When identifying distant lymph nodes, the sensi- ~ PPV was 7.1%, and the NPV was 97.8%, while the sensitivity of
tivity of FDG-PET/CT was 64.7%, the specificity was 65.7%, the CT was 52.9%, the specificity was 72.4%, the PPV was 7.3%, and
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False negative results in "*F-fluorodeoxyglucose positron emission tomography/computed tomography (FDG-PET/CT): (A) no visual
FDG uptake was seen in FDG-PET/CT and (B) enlarged lymph nodes (arrow) were identified in CT and metastasis of that lymph node was
confirmed in the histopathologic results.

the NPV was 97.4%.

There was a significant difference between the predictive values
of lymph-node metastasis in FDG-PET/CT and CT scan (regional
lymph node, P < 0.000; distant lymph node, P = 0.012) (Table 2).
Kwak et al. [17] reported that the sensitivity of FDG-PET/CT was
inferior to that of CT for proximal lymph nodes, or regional lymph
nodes and that the sensitivity of FDG-PET/CT was superior to
that of CT for distal lymph nodes or distant lymph nodes. Tsunoda
et al. [12] also suggested that the sensitivity of FDG-PET/CT was
lower for regional lymph nodes than for distant lymph nodes be-
cause it was difficult to detect the FDG uptake around the primary
tumor when the volume of the primary tumor itself was larger.

Therefore, we compared the differences in the sensitivity, speci-
ficity, PPV, and NPV of FDG-PET/CT according to the pericolic/
perirectal infiltration, the size, and the SUV of the primary tumors.
However, contrary to expectations, the sensitivity was higher
(58.6% vs. 38.5%) and the specificity was lower (61.7% vs. 77.1%) in
the pericolic/perirectal infiltration-positive cases than in the peri-
colic/perirectal infiltration-negative cases. We also expected that
the higher the SUV of the primary tumor was, the more difficult
the detection of lymph-node metastasis would be because of the
difficulty to distinguish the FDG uptake of regional lymph nodes.
However, the higher the SUV was, the higher the sensitivity was
(79.6% vs. 49.3%), and the lower the specificity was (49.4% vs.
87.2%). In addition, the sensitivity and the specificity were com-
pared based on the size of the primary tumor. The sensitivity was
44.6% and the specificity was 64.4% in patients with a larger pri-

mary tumor while the sensitivity was 50.4% and the specificity was
72.8% in patients with a smaller primary tumor (Table 3). In this
study, the low sensitivity of regional lymph-node metastasis for
FDG-PET/CT was affected by the size of the primary tumor. The
larger the size of the primary tumor, the more difficult it became to
distinguish regional lymph nodes from FDG uptake. Therefore,
the reliability of FDG- PET/CT for lymph-node staging was infe-
rior in the patients with larger primary tumors.

To establish the factors that affect the interpretation of lymph-
node metastasis positivity in FDG-PET/CT, we performed univar-
iate and multivariate analyses using variables such as sex, age, BMI,
CEA level, and location ab stage of the primary tumor. In the re-
sults, suspicious regional lymph-node metastasis on FDG-PET/
CT was more detectable in colon cancers than in rectal cancers (P
= 0.023). We concluded that the physiologic uptake could not be
differentiated from the pathological uptake because of the ana-
tomical complexity of vascularity or the mesentery on FDG-PET/
CT. In addition, the higher the stage, the more suspicious the
lymph-node metastasis was on FDG-PET/CT (regional lymph
nodes, P < 0.001; distant lymph nodes, P = 0.040), which meant
that FDG-PET/CT could represent lymph-node metastasis accu-
rately. The higher the CEA level, the more suspicious the regional
lymph-node metastasis was on FDG-PET/CT in both the univari-
ate and the multivariate analyses (P < 0.05). Between the CEA level
and the suspicion of distant lymph-node metastasis on FDG-PET/
CT, there was statistical significance in the univariate analysis (P =
0.010), but not in the multivariate analysis (P = 0.055) (Tables 4, 5).
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In summary, FDG-PET/CT can reflect lymph-node metastasis;
however, the sensitivity and the specificity were not found to be
superior to those of conventional CT. FDG-PET/CT is recom-
mended in cases of increased CEA, colon cancer, and advanced
stage to detect regional lymph-node metastasis and in cases of
older age and advanced stage to detect the distant lymph-node
metastasis. The factors that can affect the false positive detection or
the false negative detection of FDG-PET/CT need to be clarified
with a well-designed, randomized, controlled study.

The purpose of this study was to establish the reliability of FDG-
PET/CT for detecting lymp-node metastasis, but FDG-PET/CT
did not give results superior to those of conventional CT. However,
FDG-PET/CT showed higher sensitivity for distant lymph-node
metastasis than CT. A surgical plan based on preoperative FDG-
PET/CT can provide support by determining the range of lymph-
node dissection required and ultimately can help to decrease surgi-
cal risks and improve oncologic safety.
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