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Objectives. The purpose of this study was to compare lymph node (LN) staging using **F-fluorodeoxyglucose (FDG) posi-
tron emission tomography/computed tomography (PET/CT) with contrast-enhancement (CE) PET/CT and contrast-
enhanced neck CT (neck CT) in patients with thyroid cancer with level-by-level comparison with various factors.

Methods. This was a retrospective multicenter study. A total of 85 patients were enrolled. Patients who underwent a preop-
erative evaluation by CE PET/CT and neck CT for thyroid cancer were enrolled. The gold standard for LN was the
combination of surgical pathology and clinical follow-up. We compared CE PET/CT with neck CT using a level-by-
level method. Factors, including age, sex, camera, arm position, tumor size, extra-thyroidal extension, tumor location,
number of primary tumors, primary tumor maximum standardized uptake value, and the interval from scan to oper
ation were also analyzed.

Results. Overall accuracy was 81.2% for CE PET/CT and 68.2% for neck CT. CE PET/CT was more sensitive than neck
CT (65.8% vs. 44.7%). Also, CE PET/CT showed higher negative predictive value (77.2% vs. 66.1%). CE PET/CT
showed good agreement with the gold standard (weighted kappa [«], 0.7) for differentiating NO, N1a, and N1b,
whereas neck CT showed moderate agreement (weighted «, 0.5). CE PET/CT showed better agreement for the num-
ber of levels involved with the gold standard (weighted «, 0.7) than that of neck CT with the gold standard (weighted
K, 0.5). The accuracies for differentiating NO, N1a, and N1b were 81.2% for CE PET/CT and 68.2% for neck CT.
Level-by-level analysis showed that CE PET/CT was more sensitive and has higher negative predictive value for de-
tecting ipsilateral level IV and level VI LNs than neck CT. Other analyzed factors were not related to accuracies of
both modalities.

Conclusion. CE PET/CT was more sensitive and reliable than neck CT for preoperative LN staging in patients with thyroid
cancer.

Keywords. Positron-Emission Tomography; Fluorodeoxyglucose F18; Computed Tomography; Thyroid Neoplasms

* Received September 15,2015
Revised December 31, 2015

Accepted March 11, 2016 INTRODUCTION
+Corresponding author: Jung Mi Park
Depa'rtment of Nuclear Medicin'e, Soonchunhyang University Bucheon Patients with thyI‘Oid cancer generally have a gOOd prognosis,
Hospital, 170 Jomaru-ro, Wonmi-gu, Bucheon 14584, Korea . . o .
Tel: +82-32-621-5884. Fax: +82-32-621-5749 and 5-year overall survival is >90% [1,2]. However, cervical
E-mail: jmipark@schme.ac kr lymph node (LN) metastasis occurs in 30% to 80% of patients
*The first two authors contributed equally to this study. with thyroid cancer [3]. LN metastasis is associated with an in-

Copyright © 2017 by Korean Society of Otorhinolaryngology-Head and Neck Surgery.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

121


http://crossmark.crossref.org/dialog/?doi=10.21053/ceo.2015.01424&domain=pdf&date_stamp=2017-02-08

122 Clinical and Experimental Otorhinolaryngology Vol. 10, No. 1: 121-128, March 2017

creased risk of locoregional recurrence, even in low-risk patients
[3]. Therefore, appropriate LN dissection is very important.
Adam et al. [4] reported that cervical LN metastasis is associat-
ed with compromised survival in young patients with papillary
cancer. LN metastases are most common at cervical levels VI
and VII [5]. Lateral neck metastases (levels I to V) are less com-
mon but may be associated with a worse prognosis [5,6]. LN
dissection is indicated for cases of LN metastasis [7]. Prophylac-
tic LN dissection can also be performed, although it is contro-
versial [3,8]. However, the extent of LN dissection can directly
affect the quality of life due to cosmetic issues, postoperative
complications, and postoperative morbidities [3,5]. Therefore, a
preoperative neck evaluation for thyroid cancer is necessary to
determine the extent of the surgical resection [9,10]. Imaging
modalities, such as neck ultrasonography (US), computed to-
mography (CT), positron emission tomography (PET)/CT, and
magnetic resonance imaging are important modalities for assess-
ing the lateral neck [5]. The type of neck dissection to be per-
formed depends on the cervical level. Determining the cervical
level(s) involved is important to decide the extent of dissection.

Byun et al. [11] reported that addition of **F-fluorodeoxyglu-
cose (FDG) uptake information to ultrasonography results can
improve the sensitivity of metastatic LN detection. Choi et al.
[12] reported that different results according to cervical levels in
evaluation of LN between CT and US. In their study, compared
to US, CT showed better sensitivity in detecting central node
(level VI) but lower sensitivity in detecting lateral nodes (level II
to V) [12]. We thought the performances in preoperative LN
staging might be different between PET/CT and contrast-en-
hanced neck CT (neck CT) according to level-by-level compari-
son as well as other factors like FDG uptake.

In this study, we compared the preoperative LN staging of
contrast-enhanced (CE) FDG PET/CT and neck CT in patients
with thyroid cancer in a level-by-level analysis with other factors.

MATERIALS AND METHODS

Patient selection

This was a retrospective study. We enrolled patients with thyroid
papillary carcinoma who underwent both CE PET/CT and neck
CT before surgery for thyroid cancer from January 2010 to May
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= BF-fluorodeoxyglucose positron emission tomography/com-
puted tomography with contrast-enhancement (CE PET/CT)
was more accurate than CT for differentiating NO, N1a, and
N1b (81.2% vs. 68.2%).

= For ipsilateral level IV and IV, CE PET/CT was more sensitive
and has higher negative predictive value than CT.

2014 at four institutions.

All enrolled patients underwent thyroid surgery with or with-
out neck dissection. The interval between surgery and CE PET/
CT was <3 months. Patients were excluded if the interval be-
tween CE PET/CT and neck CT was >1 month. Patients were
excluded if the interval between the operation and imaging was
>1 month. This protocol was approved by the Institutional Re-
view Boards at each hospital.

8F-FDG PET/CT and CE CT

PET/CT scans were acquired after a single FDG injection. Pa-
tients fasted for 6 hours before the **F-FDG injection (serum
glucose level <180 mg/dL). FDG dose was corrected for body
mass index at all centers. The scan was obtained from the sub-
cranial region to the upper thigh (torso) 60 to 90 minutes after
the injection. A low-dose CT acquisition without contrast en-
hancement (NE CT) was initiated first, followed by PET acquisi-
tion. Then, the CE CT scans were collected. Iterative reconstruc-
tion was done using ordered-subset expectation maximization
software. The attenuation was corrected by NE CT. NE PET/CT
was not performed at one institution, and CE PET/CT was used
for attenuation correction in these patients (n=14).

The PET/CT machines used in this study were as follows: the
Biograph TruePoint 40 PET/CT scanner (Siemens Medical Solu-
tions, Knoxville, TN, USA) or the Biograph 16 PET/CT scanner
(Siemens Medical Solutions), the Discovery ST PET/CT instru-
ment (GE Medical Systems, Milwaukee, WI, USA), the Discov-
ery ST PET/CT instrument (GE Medical Systems), the Discov-
ery VCT PET/CT instrument (GE Medical Systems), and the
Gemini TF (Philips-ADAC Medical Systems, Cleveland, OH,
USA). The workstations used for reconstruction were the Syngo
multimodality workplace, Exeleris Advanced Workstation 4.4
(GE Medical Systems).

CE neck CT

Neck CT was performed as preoperative staging. The scanners
used at the various institutions were: the Somatom Sensation 16
(Siemens Medical Solutions, Erlangen, Germany), the MX 8000
IDT 16 (Philips Medical Systems, Eindhoven, the Netherlands),
and MX 8000 Infinite Detector Technology (Philips Medical
Systems).

Image analysis and information obtained

Each scan was read by qualified nuclear physicians and radiolo-
gists at each institution. The report of each institution was ana-
lyzed retrospectively without additional reading. The following
primary tumor information was obtained from the neck CT re-
port: size (cm), extrathyroid extension (positive/negative), and
number of primary tumors. The same information was obtained
from the CE PET/CT report but the primary tumor maximum
standardized uptake value (SUVmax) was measured. When tu-
mors were bilateral, we used the highest SUVmax value avail-
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able. The LN analysis was undertaken on a level-by-level basis,
using the cervical LN levels described in the American Joint
Committee on Cancer staging manual [13].

Information about the metastatic LN levels and LN stages
(NO, N1a, or N1b) was obtained from neck CT. LNs with a long
axis diameter (>1 cm or >1.5 cm for submandibular or jugulo-
diagastric LNs) were considered metastatic nodes [14,15]. In ad-
dition, central lucency suggesting necrosis was considered a ma-
lignant feature, regardless of size [14,15]. Borderline sized LNs
with pathologic contrast enhancement were also considered
metastatic [14,15].

The metastatic LN levels and LN stages (NO, N1a, or N1b)
were determined from PET/CT. LNs with SUVmax >2.0 were
considered metastatic nodes [15,16]. In addition, central lucency
suggesting necrosis was considered a malignant feature, regard-
less of SUVmax [14,15]. However, uptake by tissues other than
nodes, such as by a vessel, was considered benign after review
of the CT portion of the CE PET/CT scan, regardless of SUV-
max [15]. In addition, LNs with pathologic contrast enhance-
ment were considered metastatic, regardless of SUVmax.

For determination of ipsilateral or contralateral side of the
neck, the location of primary tumor was used. When tumors are
at both sides of the thyroid lobes, metastatic LNs on either sides
of the neck were considered as “ipsilateral.” Clinical informa-
tion such as age, sex, interval from PET to the operation, or in-
terval from CT to PET, camera type, and PET/CT arm position
was also analyzed.

Gold standard for the final diagnosis

The LN analysis was performed on a level-by-level basis. The fi-
nal diagnosis for LNs that were not dissected out during the op-
eration was determined by follow-up of serum thyroglobulin or
US or postoperative radioactive iodine scan (Table 1). Because
the purpose of the clinical follow-up is to confirm the status of
LNs at the timing of preoperative evaluation, the follow-up peri-
od was limited to 6 months after surgery.

Statistical analysis

Accuracy, sensitivity, specificity, positive predictive value, and
negative predictive value (NPV) were analyzed for all cervical
LN levels and for the cervical levels detected on CE PET/CT
and neck CT. Analyses were done to differentiate between NO
and N1 and to differentiate between NO, N1a, and N1b. The
comparison of the number of involved cervical levels between
CE PET/CT and neck CT was done using the paired ¢-test and
degree of agreement. We analyzed the effects of clinical factors,
such as sex, scanner type, arm position, T staging, extrathyroidal
extension, and pathological tumor type, on the accuracies of CE
PET/CT and neck CT using Pearson chi-square test. Quantita-
tive data, such as age, tumor size, number of primary tumors,
and primary tumor SUVmax were analyzed by logistic regres-
sion, the #-test, or the Mann-Whitney test. For analysis of clinical

Table 1. Patient characteristics (n=85)

Variable

No. of patients (center A:B:C:D)

Sex (male:female)

Age (yr), median (range)

CE PET/CT arm position (up:down)
Clinical follow-up methods to confirm

No. (%)
53 (62):14 (17):13 (15):5 (6)
14 (17):71 (84)
54 (19-80)
54 (64):31 (37)

Tg+US 23 (27)

Tg+US+RI 14(17)

Tg+US+RlI+biopsy 2(2)

Tg+RI 17 (20)

Tg 29 (34)
Preoperative staging (NO:N1a:N1b)

By neck CT 62 (73):5 (6):18 (21)

By CE PET/CT
Pathologic results at operation
pT1:pT2:pT3:pT4
Tumor side (left:right:both)
Final results of follow-up of lymph node?
NO:N1a:N1b
Central lymph node metastasis
only, no. of patients (level)
Lateral lymph node metastasis 19:2:0
(ipsilateral®:bilateral:
contralateral only)

Overall stage (I:11:111:IVA)?

57 (67):9 (11):19 (22)

30 (35):2 (2):48 (57):5 (6)
25 (29):33 (39):27 (32)

47 (55):18 (21):20 (24)

25 (29): 0 (0): 38 (45): 22 (26)

CE PET/CT, "®F-fluorodeoxyglucose positron emission tomography/comput-
ed tomography with contrast-enhancement; Tg, serum level of thyroglobu-
lin; US, neck ultrasonography; R, radioactive iodine whole body scan.
&Clinical follow-up was done within 6 months postoperatively. ®For tumors
in both sides of thyroid lobes, metastatic lymph nodes in either sides of
the neck were considered as ipsilateral metastasis. In analysis of ipsilater-
al metastasis, central lymph nodes (level VI and VII) were excepted. There
was no case with lymph node metastasis to contralateral neck without ip-
silateral side metastasis. “TNM staging based on the seventh edition of
the American Joint Committee on Cancer. Final staging based on com-
bined pathological and clinical follow-up results, which were obtained
within 6 months of the operation.

factors, we used groups of “correct/incorrect” cases of each mo-
dalities based on the final results. For example, when CE PET/
CT successfully staged the LN (NO, N1a, and N1b) in some pa-
tients, they were categorized as CE PET/CT correct cases.

The sensitivity and specificity comparisons were performed
using the McNemar test. To compare predictive values, we used
R Core Team (R Foundation for Statistical Computing, Vienna,
Austria; https://www.R-project.org/). We also used package DT-
ComPair for R (R package ver. 1.0.3; http://CRAN.R-project.
org/package=DTComPair). Also, Medcalc ver. 13.3.3.0 (Medcalc
Inc., Ostend, Belgium), and IBM SPSS ver. 19.0 (IBM Co., Ar-
monk, NY, USA) were used.

RESULTS

Eighty-five patients were enrolled from four institutions (Fig. 1).
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Fig. 1. A case of different finding of "®F-fluorodeoxyglucose positron emission tomography/computed tomography with contrast-enhancement
(CE PET/CT) and contrast-enhanced neck CT (neck CT) in a preoperative lymph node staging in a patient with thyroid cancer. A 56-year-old
female patient underwent CE PET/CT and neck CT with contrast-enhancement before thyroid cancer operation: (A) maximum intensity image
of CE PET/CT, (B, C) axial fusion images, (D) axial PET only image at the same level of C, and (E) axial image of neck CT. A calcified nodule
with focal hypermetabolism with maximum standardized uptake value (SUVmax) 4.2 was found in left thyroid lobe which was proven to be
papillary cancer by fine needle aspiration (arrow in B). Both of CE PET/CT and neck CT showed a lymph node adjacent to left carotid vessel
(arrows in C-E). The long diameter by neck CT was about 1 cm (E), suggesting metastatic lymph node. However, FDG uptake was not high
(arrows in D, SUVmax 1.4), suggesting benign feature. After operation, biopsy revealed benign lymph node. Also, clinical follow-up with radio-
active iodine scan and neck ultrasonography (images not shown), there was no metastatic lymph node.

The patients’ characteristics are described in Table 1. Average
SUVmax of primary tumor was 9.5+11.3 cm (range, 1.5 to
50.7 cm) and average size of primary tumor was 1.13+0.9 cm
(range, 0.2 to 5.0 cm).

Analysis by patients

The overall accuracy for detecting a cervical LN metastasis (dif-
ferentiate between NO and N1) was 81.2% for CE PET/CT and
68.2% for neck CT. CE PET/CT was more sensitive for detect-
ing overall cervical LN metastases than that of neck CT (65.8%
vs. 44.7%, P=0.008) (Table 2). Also, CE PET/CT showed signifi-
cantly higher NPV than CT (77.2% vs. 66.1%, P=0.001).

The final diagnosis and CE PET/CT distinguished NO, N1a,
and N1b (weighted kappa [«], 0.704), whereas the final diagno-
sis and neck CT showed moderate agreement (weighted «, 0.5).
The accuracies of differentiating NO, N1a, and N1b were 81.2%
for CE PET/CT and 68.2% for neck CT (P=0.078) (Table 2).

Analysis of each cervical level: contralateral or ipsilateral

We analyzed the difference in findings between CE PET/CT and
neck CT between each level of ipsilateral or contralateral cervi-
cal levels. Table 2 describes the results. Cervical level VI and ipsi-
lateral level IV showed significantly different findings between
CE PET/CT and neck CT (P<0.05 in all comparisons). In the

other cervical levels, there was not significant difference be-
tween CE PET/CT and neck CT. In both levels of VI and ipsilat-
eral IV, CE PET/CT was significantly more sensitive (86.7% vs.
40.0% in ipsilateral level IV; 52.9% vs. 29.4% in level VI) than
neck CT. Also, CE PET/CT showed higher NPV (97.1% vs.
88.3% in ipsilateral level IV; 75.0% vs. 66.7% in level VI) for
detecting metastatic LNs than neck CT (Table 2).

Analysis by number of cervical levels involved

CE PET/CT and the final diagnosis showed good agreement af-
ter calculating the number of cervical levels with a LN metasta-
sis (weighted «, 0.692). Neck CT and the final diagnosis showed
moderate agreement (weighted «, 0.506). CE PET/CT and neck
CT showed good agreement for the number of cervical levels in-
volved (weighted «, 0.685). However, neck CT showed fewer
cervical levels with a metastasis that that of PET/CT (P=0.009).

Analysis of clinical factors affecting the accuracy of CE PET/
CT and neck CT

For CE PET/CT, when tumors were in both lobes, CE PET/CT
less frequently (both 63.0% vs. 84.5%) staged LNs (NO, N1a,
and N1b) correctly than when the tumor was in one lobe, but it
failed to show statistical significance (P=0.053). For neck CT,
when tumors were in both lobes, neck CT less frequently (both
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Variable TP FP FN TN  Sensitivity (%, CI) Specificity (%, Cl) Accuracy (%) PPV (%, Cl) NPV (%, Cl)
By patients (NO, N1)
Neck CT 17 6 21 41 447(286-61.7) 87.2 (74.3-95.2) 68.2 73.9(51.6-89.8) 66.1(53.0-77.7)
CE PET/CT 25 3 13 44  65.8(48.7-80.4) 93.6 (82.5-98.7) 81.2 89.3 (71.8-97.7) 77.2(64.2-87.3)
P-value 0.008% 0.375 0.078 0.055 0.0012
By ipsilateral levels
|
Neck CT 1 0 0 84  100(2.5-100) 100 (95.7-100) 100 100 (2.5-100) 100 (95.7-100)
CEPETCT 0 O 1 84 0(0-97.5) 100 (95.7-100) 98.8 NA 98.8 (93.6-99.9)
P-value NA NA 0.998 NA NA
Il
Neck CT 6 3 6 70 50 (21.1-78.9) 95.9 (88.5-99.1) 89.4 66.7 (29.9-92.5) 92.1(83.6-97.2)
CE PET/CT 9 1 3 72 75 (42.8-94.5) 98.6 (92.6-100) 95.29 90 (55.5-99.8) 96 (88.9-99.2)
P-value 0.25 0.5 0.249 0.072 0.070
I
Neck CT 11 0 8 66 57.9(335-798) 100 (94.5-100) 90.7 100 (71.5-100) 89.3(79.8-95.2)
CEPET/CT 13 1 6 65 68.4(435-87.4) 98.5 (91.8-100) 91.8 92.9 (66.1-99.8) 91.6 (82.5-96.8)
P-value 0.688 1.0 1.0 0.301 0.437
Y
Neck CT 6 2 9 68 40.0(163-67.7) 97.1(90.1-99.7) 87.1 75.0 (34.9-96.8) 88.3(79.0-94.5)
CEPET/CT 13 4 2 66 86.7(59.5-98.3) 94.4 (86.0-98.4) 93.0 76.5 (50.1-93.2) 97.1 (89.8-99.6)
P-value 0.016® 0.620 0.367 0.911 0.006
V
Neck CT 0 1 2 8 0(0-84.2) 98.8 (93.5-100) 9.5 0(0-97.5) 97.6(91.7-99.7)
CE PET/CT 1 0 1 83 50(1.3-98.7) 100 (95.7-100) 98.8 100 (2.5-100) 98.8 (93.5-100)
P-value 1.0 1.0 0614 0.157 0.309
VI (central)
Neck CT 10 3 24 48  29.4(15.1-475) 94.1(83.8-98.8) 68.2 76.9 (46.2-95.0) 66.7 (54.6-77.3)
CE PET/CT 18 3 16 48 529 (35.1-70.2) 94.1(83.8-98.8) 777 85.7 (63.7-97.0) 75.0 (62.6-85.0)
P-value 0.008% 1.0 0.227 0.312 0.004?
Vil
Neck CT 3 2 179 75 (19.4-99.4) 97.5(91.4-99.7) 9.5 60 (14.7-94.7) 98.8(93.2-99.9)
CE PET/CT 3 2 1 79 75(19.4-99.4) 97.5(91.4-99.7) 96.5 60 (14.7-94.7) 98.8 (93.2-99.9)
P-value NA 1.0 0.678 1.0 1.0
By contralateral levels®
|
Neck CT 0O 0O O 58 NA 100 (93.8-100) 100 NA 100 (93.8-100)
CEPETCT O 1 0 57 NA 98.3 (90.8-100) 98.3 0(0-97.5) 100 (93.7-100)
P-value NA 1.0 0.989 NA NA
Il
Neck CT 0 1 1 56 0(0-97.5) 98.3 (90.6-100) 95.6 0(0-97.5) 98.3 (90.6-100)
CEPETCT O 0O 1 57 0(0-97.5) 100 (93.7-100) 98.3 NA 98.3 (90.8-100)
P-value NA 1.0 0.760 NA NA
I
Neck CT 0O 0O O 58 NA 100 (93.8-100) 100 NA 100 (93.8-100)
CE PET/CT 0O 0O O 58 NA 100 (93.8-100) 100 NA 100 (93.8-100)
P-value NA NA NA NA NA
Y
Neck CT 1 1 0 5  100(2.5-100) 98.25 (90.6-100) 98.3 50 (1.3-98.7) 100 (93.6-100)
CEPETICT 1 0 0 57  100(25-100) 100 (93.7-100) 100 100 (2.5-100) 100 (93.7-100)
P-value NA 1.0 0.989 0.18 NA

(Continued to the next page)
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Table 2. Continued

Variable TP FP FN TN  Sensitivity (%, CI) Specificity (%, Cl) Accuracy (%) PPV (%, Cl) NPV (%, Cl)
\
Neck CT 0O O O 58 NA 100 (93.8-100) 100 NA 100 (93.84-100)
CE PET/CT 0O O O 58 NA 100 (93.8-100) 100 NA 100 (93.8-100)
P-value NA NA NA NA NA
By neck side
Ipsilateral side®
Neck CT 183 2 6 64 68.4 (43.5-87.4) 97.0(89.5-99.6) 90.6 86.7 (59.5-98.3) 91.4(82.3-96.8)
CEPETICT 16 2 3 64 84.2(60.4-96.6) 97.0 (89.5-99.6) 94.1 88.9 (65.3-98.6) 95.5 (87.5-99.1)
P-value 0.25 1.0 0.569 0.838 0.078
Contralateral side®
Neck CT 1 1 1 55 50.0 (1.4-98.7) 98.2 (90.5-99.9) 96.6 50.0 (1.4-98.7) 98.21 (90.5-99.9)
CEPETICT 1 1 1 55 500(1.4-987) 98.2 (90.5-99.9) 9.6 50.0 (1.4-98.7) 98.21 (90.5-99.9)
P-value NA 1.0 0.608 1.0 1.0

CE PET/CT, "®F-fluorodeoxyglucose positron emission tomography/computed tomography with contrast-enhancement; TP, true-positive; FP, false-positive;

FN, false-negative; TN, true-negative; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; NA, not available.

3P <0.05. > For analysis of “contralateral level or side,” we analyzed 58 patients with unilateral tumor. For patients with bilateral tumors (n=27), metastastic

lymph nodes in either side of the neck were analyzed as ipsilateral side.

Table 3. Comparison of clinical factors and final results of lymph node staging by PET or CT

i CE PET/CT staging Neck CT
Variable
Correct Incorrect P-value Correct Incorrect P-value

Age (yr) 532+10.2 50.2+10.2 0.331 5351126 50.26£9.85 0.236
Sex (male:female) 14:52 217 0.506 13:45 3:24 0.251
PET/CT machine model (A:B:C:D:E) 33:8:13:7:5 11:1:4:3.0 0.579 32:8:9:5:4 12:1:8:5:1 0.209
PET arm position (up:down) 42:24 12:7 0.816 36:22 18:9 0.867
Tumor size (cm) 0.8 (0.2-5.0) 0.9(0.4-2.8) 0.321 0.8(0.2-5.0) 1.1(0.3-3.8) 0.062
Extra-thyroidal extension 26:33:7 6:13:0 0.861 23:29:6 9:17:1 0.982

(none:micro:macro)
Tumor location 49:17 9:10 0.053 42:16 16:11 0.336

(unilateral:bilateral)
No. of primary tumors 1(1-7) 2(1-5) 0.016° 1(1-7) 2(1-5) 0.136%
No. of patients with multiple tumors 44:16:3:2:0:1 6:11:1:1:0:.0 0.099” 38:14:3:2:0:1 12:13:1:1:0:0 0.441

(1:2:3:4:5:6 tumors)
Primary tumor SUVmax 3.9 (1.5-49.5) 6.0 (2.2-50.7) 0.087 3.9(1.5-48.5) 5.5 (1.7-50.68) 0.199
Interval from scan to operation (day) 18.5 (1-78) 22 (0-62) 0.804 18.5 (1-78) 22 (0-64) 0.610
Institution (A:B:C:D) 41:11:9:5 12:3:4:0 0.58 10:6:8:4 13:8:5:1 0.110

Values are presented as mean=standard deviation (age) or median with range (tumor size, number of primary tumors, SUVmax, and interval). For analy-
sis, we used groups of “correct’/“incorrect” cases of each modalities based on the final results which were determined by surgical biopsy and clinical fol-
low-up till postoperative 6 months. For example, when CE PET/CT successfully staged the LN (NO, N1a, and N1b) in some patients, they were categorized

as CE PET/CT correct cases.

PET, positron emission tomography; CT, computed tomography; CE PET/CT, "®F-fluorodeoxyglucose positron emission tomography/computed tomography

with contrast-enhancement; SUVmax, maximum standardized uptake value.
IMann-Whitney test. ®’Chi-square for trend.

59.3% vs. 72.4%) staged LNs (NO, N1a, and N1b) correctly
than when the tumor was in one lobe, but it also failed to show
statistical significance (P=0.336).

The primary tumor SUVmax values were higher when tu-
mors were on bilateral lobes (median, 10.8) than when a tumor
was on one lobe (median, 3.75; P=0.000). However, no differ-
ence in the primary tumor SUVmax was found between pa-
tients whose CE PET/CT scan was correct and whose CE PET/
CT scan was incorrect in distinguishing NO, N1a, and N1b (same

result as when differentiating NO or N1). Partial correlation
failed to show significant effect of tumor side (ipsilateral vs. bi-
lateral) and SUVmax on the accuracy of NE PET/CT. The logis-
tic regression also failed to show a significant effect of primary
tumor SUVmax on the accuracy of CE PET/CT or neck CT.
Other clinical factors, including sex, scanner type, arm posi-
tion, extrathyroidal extension, pathologic tumor type, age, tu-
mor size, intervals between CE PET/CT and operation, or neck
CT to the operation, or CE PET/CT to neck CT did not affect
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the accuracy of CE PET/CT or neck CT (Table 3). The median
value of number of tumors of CE PET/CT correct cases were
lower than that of incorrect case (P=0.016). However, chi-
square for trend failed to show tendency of smaller or larger
number of tumor were related to be PET/CT N staging accuracy.
In addition, no significant differences were found relating to the
accuracies for LN staging by CE PET/CT and neck CT at any of
the institutions.

DISCUSSION

Our results suggest that CE PET/CT has higher sensitivity and
NPV than neck CT for preoperative LN staging in patients with
thyroid cancer. By level-by-level analysis, only level VI and ipsi-
lateral level IV showed statistically significant differences in sen-
sitivity and NPV between CE PET/CT and neck CT in N staging.

Jeong et al. [15] reported that NE PET/CT has sensitivity of
30.4%, specificity of 96.2%, and diagnostic accuracy of 86.9%
at all LN levels. In their study, the corresponding values for neck
CT were 34.8%), 96.2%, and 87.2% (CE CT). Kim et al. [8] re-
ported that preoperative LN staging of patients with papillary
thyroid cancer by neck CT has sensitivity of 62% and specificity
of 93%. Pak et al. reviewed related studies and reported that
sensitivity and specificity of PET/CT for central LNs were 5.0%
to 22.7% and 93.6% to 98.8%, respectively; and those of CE
CT were 15.1% to 25.0% and 93.8% to 98.8%, respectively
[10,15,17-20]. Sensitivity and specificity of PET for lateral LNs
were 30.6% to 50% and 90.4% to 97 %, respectively; and
those of CE CT were 33.3% to 42.3% and 53.6% to 96.6%,
respectively [10,15,17-20]. In their report, PET/CT and CE CT
specificities were >90% for central and lateral neck LNs
[10,15,17-20]. Based on these data, the frequency of distant
metastasis at thyroid cancer staging is only 4% to 7%, and sur-
gery is the only therapeutic option for thyroid cancer. Pak et al.
[10] reported that routine use of PET/CT for a preoperative
evaluation is inappropriate, except in patients with aggressive
pathologies, who have a higher risk for distant metastasis [21-
23]. However, these data are all from NE PET/CT. Our CE PET/
CT sensitivity was much higher than that of previous studies
[13,15,17-20,24], which may be due to the additional informa-
tion obtained from CE CT in our study. No study has compared
preoperative thyroid cancer staging by CE PET/CT and NE
PET/CT. One study on pancreatic cancer by Yoneyama et al. [24]
reported that the diagnostic accuracies of distant metastasis, sca-
lene node metastasis, and peritoneal dissemination on CE PET/
CT were significantly higher than those for NE PET/CT
(P<0.05) [24]. A comparison of LN staging between CE PET/
CT and NE PET/CT is beyond the scope of this study; thus, ad-
ditional studies are needed.

In our study, bilateral tumors have higher primary tumor SU-
Vmax values. We thought that higher FDG uptake might make

it difficult to detect FDG uptake into adjacent LNs, which would
affect diagnostic accuracy. However, there was no significant dif-
ference in accuracy of CE PET/CT between cases with bilateral
tumors and cases with ipsilateral tumors (P=0.053). In addition,
there was no significant difference was observed in the primary
tumor SUVmax between the PET/CT correct group and incor
rect groups, and the logistic regression failed to show a signifi-
cant result. Byun et al. [11] reported that tumor SUVmax values
>2.8 are associated with central LN metastasis in a study on
microcarcinoma of the thyroid. However, their study focused on
predicting LN metastasis and not on detection. No study has
analyzed the relationship between tumor SUVmax or tumor
multiplicity and detectability of LN metastasis by PET/CT.

Several limitations of our study should be mentioned. First,
although we followed up for 6 months, false-negative cases
could have occurred, which were beyond the operation field
range. Second, we retrospectively analyzed the findings from
scan reports at each of the institutions without additional read-
ing; thus, bias may have occurred. Third, the number of the cases
with LN metastasis was small in some cervical levels. In addi-
tion, we only analyzed CE PET/CT without comparing CE PET/
CT and NE PET/CT.

In conclusion, ¥F-FDG PET/CT with CE CT was more sensi-
tive and reliable than neck CT for preoperative LN staging of
patients with thyroid cancer. Considering that torso PET/CT
also provides information about regions beyond the cervical
area, applying PET/CT with CE CT is advantageous for preop-
eratively evaluating thyroid cancer.
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