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Background: The objective of this study was to define clinicopathologic characteristics in concurrent primary
thyroid cancer detected by initial 18fluorine-fluorodeoxyglucose positron emission tomography-computed to-
mography (18F-FDG PET-CT) scanning in patients with underlying malignancy.
Patients and Methods: Among 155 patients with known underlying malignancy and with focal FDG uptake in
the thyroid, 25 patients (22 females; mean age – SD 54.4 – 11.2 years; age range 27–70 years) who were con-
firmed as having papillary thyroid cancer (PTC; synchronous thyroid cancer) by cytological examination were
included. Another 25 patients (24 females; mean age – SD, 48.8 – 12.7 years) with focal uptake in preoperative
18F-FDG PET-CT due to PTC and no history of other malignancy (primary thyroid cancer) were also included.
Immunohistochemical studies were performed for glucose transporter-1 (GLUT-1) and vascular endothelial
growth factor (VEGF).
Results: GLUT-1 expression was significantly lower in synchronous thyroid cancer (7 of 25 patients, 28%)
compared with primary thyroid carcinoma (15 of 25 patients, 60%; p = 0.045). However, age and tumor size of
synchronous thyroid cancer were not significantly different from the patients with primary thyroid carcinomas.
There was no significant difference in VEGF expression, maximal standardized uptake values, extrathyroidal
extension, lymph node metastasis, advanced stage, and multifocality between both thyroid cancer groups.
Conclusion: Clinicopathologic characteristics of synchronous thyroid cancer in patients with underlying ma-
lignancy were not different from those of patients with primary thyroid cancers except for GLUT-1 expression.

Introduction

Owing to technical advances such as 18fluorine-
fluorodeoxyglucose positron emission tomography-

computed tomography (18F-FDG PET-CT) in the early
diagnosis and treatment of cancer and an increase in elderly
patients, diagnosis of multiple primary cancers (MPC) in
one patient has been commonly seen in recent decades. In
patients with underlying malignancy, the incidence of syn-
chronous or metachronous multiple primary cancers has
increased (1,2). Interestingly, clinically occult second
malignancies in the thyroid are increasingly common (3–8).
Although the pathogenetic mechanisms underlying MPC are
yet to be elucidated, various causes such as heredity and
genetic alterations, pollutants, environment, constitution,

immunology, carcinogens, radiotherapy, and chemical
treatments have been suggested (9).

In recent years, the detection of incidental thyroid nodules
by 18F-FDG PET-CT scanning has been commonly reported,
and a concern regarding the clinicopathologic characteristics
of these incidental thyroid nodules has also arisen. Focal
18F-FDG uptake in the thyroid on 18F-FDG PET-CT is clini-
cally significant because it is related to a high risk of malig-
nancy ranging between 25% and 50% (3–8). FDG is well
concentrated in cells with high glycolytic rates, such as
poorly differentiated, proliferating thyroid cancer cells.
These lesions potentially possess more aggressive behaviors
and an unfavorable prognosis (10–12). It has been suggested
that this may be due to overexpression of high-affinity glu-
cose transporter-1 (GLUT-1) in the membranes of thyroid
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tumor cells associated with a more malignant biological
behavior (13).

The risk of thyroid cancer increases after the occurrence of
other types of primary cancers, and, vice versa, the risk of
other types of cancers in other parts of the body increases in
patients with differentiated thyroid cancer (DTC). In partic-
ular, the chances of developing a second malignancy after
primary thyroid or breast cancer may be up to 30% higher
compared with the general population (14,15). A recent study
showed that unfavorable factors such as lymph node meta-
stasis and invasion into the surrounding soft tissue were
significantly more common in patients with multiple tumors
than with DTC alone (16).

However, to date, no definitive studies have identified the
clinicopathologic characteristics in synchronous primary
thyroid cancers detected by 18F-FDG PET-CT in patients with
underlying malignancy. The objective of this study was to
define the clinicopathologic characteristics in concurrent pri-
mary thyroid cancers detected by initial 18F-FDG PET-CT
scanning in patients with nonthyroidal primary malignancies.

Patients and Methods

Patients

A total of 155 patients who showed focal thyroid uptake of
FDG on whole body 18F-FDG PET-CT while they were eval-
uated for initial staging of another malignancy (between
January 2006 and December 2009 in Pusan National Uni-
versity Hospital) were included in the current study. Among
these 155 patients, immunohistochemical studies were per-
formed on 25 patients who were diagnosed with papillary
thyroid cancer (PTC; synchronous thyroid cancer) by a cyto-
logical examination. All 25 patients underwent total thy-
roidectomy. Other thyroid incidentalomas included 101 cases
of adenomatous goiters, 9 cases of chronic thyroiditis, 13 cases
of nodular hyperplasia, 3 cases of Hashimoto’s thyroiditis,
and 4 cases of cystic changes. The primary underlying cancers
were breast cancer (10 patients; 40%), uterine cervical cancer
(6 patients; 24%), colorectal cancer (5 patients; 20%), ovarian
cancer (1 patient; 4%), diffuse large B-cell lymphoma (1 pa-
tient; 4%), gastric cancer (1 patient; 4%), and thymic cancer (1
patient; 4%). Another 40 patients who were diagnosed with
primary PTC by a cytological examination were indepen-
dently enrolled in this study after obtaining consent. They
underwent 18F-FDG PET-CT scanning before surgery be-
tween March 2009 and December 2009. They had no previous
history of malignancy and irradiation. Among them, 15 pa-
tients were excluded from the study due to the absence of
visible FDG uptake. Thus, 25 patients with primary thyroid
cancer were included in this analysis. The clinicopathologic
and immunohistochemical features of each group were ret-
rospectively analyzed. This study was approved by the Re-
search Ethics Committee of our institute. Written consent was
obtained from all the patients.

18F-FDG PET-CT

18F-FDG PET-CT images were obtained with a PET-CT
scanner (Gemini; Philips, Milpitas, CA), consisting of a ger-
manium oxyorthosilicate full-ring PET scanner and a dual-
slice helical CT scanner. The 18F-FDG PET-CT images were
reviewed by experienced nuclear physicians being blinded to

the results of other imaging modalities and pathology results.
Treatment regimens, other medical imaging results, and fine-
needle aspiration biopsy results were reviewed and analyzed.
The PET-CT images were independently reviewed by two
experienced nuclear physicians, and any disagreement was
resolved by consensus. To calculate maximal standardized
uptake values (SUVmax), manually defined circular regions of
interest (ROI) were drawn on the attenuation corrected
emission images throughout axial planes in which a suspi-
cious lesion could be delineated.

Immunohistochemistry

Surgical specimens were fixed in 10% buffered formalin
(pH 7.0) as soon as they were obtained. All sections containing
both tumor and surrounding thyroid tissues were embedded
in paraffin, and serial sections (4 lm) were cut from a selected,
paraffin-embedded tissue block. For histopathologic diagno-
sis, one of these sections was stained with hematoxylin and
eosin (H&E). The other sections were used for immunohis-
tochemistry. Four lm sections from paraffin blocks were
transferred to poly-l-lysine coated glass slides and air-dried
overnight at 37�C. The glass slides were deparaffinized in
xylene (three changes), rehydrated in a graded series of de-
creasing ethanol concentrations, and then rinsed in Tris-
buffered saline (50 mM Tris/HCl pH 7.4 containing 100 mM
sodium chloride). Endogenous peroxidase activity was in-
activated with 5% hydrogen peroxide in methanol for 15
minutes at 37�C.

After an appropriate antigen retrieval procedure, primary
antibodies were applied to the sections. An antibody against
glucose transporter-1 (GLUT-1, rabbit polyclonal antibody;
DAKO, Glostrup, Denmark) was incubated with the tissue
sections at room temperature for one hour. An antibody
against VEGF (rabbit polyclonal antibody; Santa Cruz Bio-
technology, Santa Cruz, CA) was incubated with the sections
overnight at 4�C. Immunohistochemical examination was
performed using a DAKO Envision plus for GLUT-1 and
VEGF. The reaction products were visualized by exposing
sections to 3,3¢-diaminobenzidine. Nuclei were lightly coun-
terstained for about 20 seconds with Mayer’s hematoxylin.
Sections were then mounted in diluted malinol after the ap-
plication of Universal Mount (DAKO, Carpinteria, CA). In
each staining batch, appropriate positive control specimens
were used.

Scoring of immunohistochemistry

The staining was independently scored by two different
experienced pathologists who were blinded to the clinico-
pathological data and clinical outcomes of the patients. The
scores of two pathologists were compared, and any discrep-
ant scores were reevaluated by re-examining the stainings by
both pathologists to achieve a consensus score. With light
microscopy, all the tissue sections were scored semi-quanti-
tatively considering the proportion of the cells showing im-
munoreactivity among whole tumor cells. In each analysis,
the percentages of strongly immunoreactive tumor cells
among the total tumor cells was visually analyzed in several
lower fields (original magnification · 10) covering the entire
specimen, and the average percentage was calculated and
scored on four-point scales (- , <10%; + , 10–25%; + + , 26–
50%; + + + , >50%).
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Statistical analyses

Statistical analyses of this study were performed using the
SPSS (SPSS v15.0 for Windows, Inc., Chicago, IL) software
package. Numeric data were expressed as the mean –
standard deviation (SD). Categorical data were presented as
frequency and percentage. Student’s t-test for the differences
of nominal variables between two thyroid cancer groups was
performed. Fisher’s exact test was used to compare expression
of GLUT-1 and VEGF between the two thyroid cancer groups
and to analyze correlations of clinicopatholgic outcomes ac-
cording to the results of the immunohistochemical staining in
each group. Statistical significance was set at p < 0.05.

Results

Patient characteristics

Twenty-five patients (mean age – SD, 54.4 – 11.2 years; 22
females) with synchronous thyroid cancer detected during the
evaluation of the initial staging of another malignancy, and 25
patients (24 females; mean age – SD, 48.80 – 12.76 years) with
a primary thyroid cancer were included in this analysis. At the
time of initial presentation, TNM stages of the synchronous
thyroid cancers were T1 (n = 6), T3 (n = 17), T4a (n = 2), N0
(n = 12), N1a (n = 8), N1b (n = 5), and M0 (n = 25). The TNM
stages of the primary thyroid cancers were T1 (n = 6), T2
(n = 1), T3 (n = 18), N0 (n = 7), N1a (n = 11), N1b (n = 7), and M0
(n = 25). The characteristics of the patients are summarized in
Tables 1 and 2.

Immunohistochemical and clinicopathologic
characteristics

Figure 1 illustrates representative cases of immunohisto-
chemical staining results of the current study. Table 3
summarizes the clinicopathologic characteristics and immu-
nohistochemical results. The expression rate of GLUT-1 was
significantly higher in primary thyroid cancers ( p = 0.045).
However, there was no significant difference in the expression
of VEGF, age, size, SUVmax, and clinical outcomes between
both thyroid cancer groups.

In terms of correlations between clinicopathologic char-
acteristics according to the results of the immunohisto-
chemical staining in synchronous thyroid cancers, VEGF
expression was significantly associated with extrathyroidal
extension (Table 4; p = 0.001). However, biological variables
such as GLUT-1 and VEGF did not show any signifi-
cant correlation with extrathyroidal extension, lymph node
metastasis, and advanced tumor stage in patients with
primary thyroid cancers (Table 5).

Discussion

In this study, the cancer risk of incidentally found focal
thyroid uptake during the initial 18F-FDG PET-CT scanning in
patients with another underlying malignancy was 16% (25/
155). The expression of GLUT-1 in primary thyroid cancers
was significantly higher compared with that of synchronous
thyroid cancers. However, there was no significant difference
in age, tumor size, SUVmax, expression of VEGF, and clini-
copathologic characteristics between the two thyroid cancer
groups.

Table 1. Characteristics of Patients

with Synchronous Thyroid Cancers

Patient
no. Sex

Age
(yr)

Size
(cm) T N M Stage Primary cancer

1 F 45 0.9 1 1a 0 III Cervix cancer
2 M 46 0.5 3 1a 0 III Rectal cancer
3 F 52 1.0 3 1a 0 III Breast cancer
4 F 53 1.2 1 0 0 I Rectal cancer
5 F 53 0.9 3 1a 0 III DLBCL
6 F 60 1.2 3 1b 0 IVa Ovarian cancer
7 F 66 1.2 3 0 0 III Cervix cancer
8 F 67 1.2 3 1b 0 IVa Colon cancer
9 F 68 1.1 3 1b 0 IVa Breast cancer

10 F 80 1.3 3 0 0 III Cervix cancer
11 F 40 1.8 1 1a 0 I Breast cancer
12 F 56 1.8 3 1b 0 IVa Thymic cancer
13 F 57 0.8 1 0 0 I Breast cancer
14 F 50 1.2 1 0 0 I Breast cancer
15 F 45 1.3 1 0 0 I Breast cancer
16 M 70 0.6 3 0 0 III Colon cancer
17 F 53 1.1 3 1a 0 III Cervix cancer
18 F 58 1.5 3 0 0 III Cervix cancer
19 F 26 1.0 3 0 0 I Cervix cancer
20 F 46 1.2 3 0 0 III Breast cancer
21 F 50 1.4 4a 1b 0 IVa Gastric cancer
22 F 58 1.8 3 1a 0 III Breast cancer
23 F 52 0.5 3 0 0 III Breast cancer
24 F 45 3.4 3 1a 0 III Breast cancer
25 M 64 0.8 4a 0 0 IVa Colon cancer

Stage, AJCC stage; DLBCL, diffuse large B-cell lymphoma; cervix
cancer, uterine cervical cancer.

Table 2. Characteristics of Patients with Primary

Thyroid Cancer Without Underlying Malignancy

Patient no. Sex Age (yr) Size (cm) T N M Stage

1 F 54 0.8 1 0 0 I
2 F 32 1.7 1 1a 0 I
3 F 53 1.4 3 1b 0 IVa
4 F 21 1.7 3 1a 0 I
5 F 51 1.1 3 1a 0 III
6 F 48 1.6 3 1a 0 III
7 F 41 2.1 3 1b 0 I
8 F 71 0.9 3 1b 0 IVa
9 F 61 1.8 3 1b 0 IVa

10 F 55 0.8 3 1a 0 III
11 F 53 1.4 1 1b 0 IVa
12 F 76 1.2 3 0 0 III
13 F 56 2.2 3 1a 0 III
14 F 51 1.3 3 0 0 III
15 F 37 2.4 2 0 0 I
16 F 53 1.6 1 1b 0 IVa
17 M 30 3.6 3 1a 0 I
18 F 25 4.7 3 1a 0 I
19 F 50 0.9 3 0 0 III
20 F 46 1.1 3 1a 0 III
21 F 61 1.1 3 1a 0 III
22 F 49 1.3 3 0 0 III
23 F 51 0.8 3 0 0 III
24 F 46 1.1 1 1a 0 III
25 F 49 0.5 1 1b 0 IVa
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The clinical course of DTC is typically so indolent that a
long life expectancy is common, even if the disease has al-
ready progressed to an advanced stage. However, patients
with DTC may have an increased likelihood of developing
other primary malignancies. Conversely, in patients with
another underlying malignancy, the incidence of synchronous
or metachronous multiple primary cancers, including thyroid
cancer, is increased (1,2). The risk of malignancy in lesions
with incidental thyroid uptake during a 18F-FDG PET-CT
scanning is reported to be between 26% and 50% (3–8). In the
current study, the thyroid cancer risk was 16% in patients
with another underlying malignancy when focal thyroid up-
take was incidentally found during the initial 18F-FDG PET-
CT scan, which was lower than that in previous studies (5–8).
FDG uptake was detected more frequently in patients with
poorly differentiated thyroid carcinomas, in whom no de-
tectable iodine uptake could be demonstrated. FDG PET-CT

avidity is well known to be a poor prognostic factor in PTC
(11–13).

Recently, Omür et al. demonstrated that lymph node me-
tastasis and invasion into the soft tissue was significantly
more common in patients with multiple tumors than DTC
alone (16). Conversely, patients with a past medical history of
cancer tend to undergo regular medical check-ups, including
18F-FDG PET-CT, leading to earlier diagnoses of other pri-
mary malignancies such as DTC at early stages (7,8). For these
reasons, concurrent DTC with other primary malignancies
does not always imply a poor prognosis. However, to date, no
study is available on the clinicopathologic characteristics of
synchronous primary thyroid cancers in patients with un-
derlying malignancy. In our study, there was no significant
difference in the expression of VEGF, age, size, SUVmax, and
clinicopathologic characteristics between synchronous thy-
roid cancers and primary thyroid cancers except for GLUT-1
expression, which was higher in patients with primary thy-
roid carcinomas.

GLUT-1 has been reported to be associated with 18F-FDG
uptake in patients with thyroid cancer. An overexpression of
high-affinity GLUT-1 in the membranes of thyroid tumors
cells is associated with a more malignant biological behavior
(13). Kaida et al. recently showed that there were significant
correlations between the expressions of GLUT-3, GLUT-4,
and SUVmax in thyroid cancer (17). As no or weak GLUT-1
expression was observed in the membrane of DTC, the ex-
pression of GLUT-1 was not correlated with SUVmax (17).
Park et al. demonstrated that GLUT-1, p63, and p53 were not
expressed in well-differentiated thyroid carcinomas, whereas
GLUT-1, p63, and p53 were usually expressed in the late stage
during the course of thyroid tumor progression (18). Recently,
Grabellus et al. showed that the loss of differentiation in
thyroid neoplasms is accompanied by the upregulation of
GLUT-1, allowing cancer cells to meet their excessive glucose
demand to proliferate (19). In our study, the expression of
GLUT-1 was significantly higher in primary thyroid cancers
compared with that of synchronous thyroid cancers. Thus, it
can be assumed that the loss of differentiation was more
common in primary thyroid cancer cells compared with
synchronous thyroid cancer cells. However, there are no
previous studies documenting the comparison of GLUT-1
expression in these thyroid cancers. In addition, because of
limited sample size, the high expression of GLUT-1 in primary
thyroid cancer observed in our study is considered to be an
incidental finding.

Baek et al. showed that the expression of VEGF was sig-
nificantly associated with nodal metastasis and extracapsular

FIG. 1. Immunohistochemical
positive staining representing the
expression profiles for GLUT-1 and
VEGF. (A) GLUT-1; (B) VEGF
(streptavidin-biotin, · 200). GLUT-
1, glucose transporter 1; VEGF,
vascular endothelial growth factor.

Table 3. Comparison Between Synchronous Thyroid

Cancer Patients and Primary Thyroid Cancer

Patients Without Underlying Malignancy

Variables

Synchronous
thyroid cancer

(n = 25)

Primary
thyroid
cancer

(n = 25) p-Value

Age (years) 54.40 – 11.20 48.80 – 12.76 0.106a

Size (cm) 1.23 – 0.58 1.56 – 0.92 0.129a

SUVmax 4.92 – 3.19 6.86 – 7.02 0.214a

GLUT-1
Positive 7 (28.0) 15 (60.0) 0.045b

Negative 18 (72.0) 10 (40.0)
VEGF

Positive 22 (88.0) 19 (76.0) 0.463b

Negative 3 (12.0) 6 (24.0)
Extrathyroidal

extension
17 (68.0) 18 (72.0) 0.652b

Lymph node
metastasis

13 (52.0) 18 (72.0) 0.145b

Advanced stage 19 (76.0) 18 (72.0) 0.747b

Multifocality 6 (24.0) 5 (20.0) 0.733b

Numeric data are expressed as the mean – SD. Categorical data are
presented as frequency (percentage).

aStudent’s t-test.
bFisher’s exact test.
SD, standard deviation; SUV, standardized uptake value; GLUT-1,

glucose transporter 1; VEGF, vascular endothelial growth factor.
Advanced stage: TNM stage III + stage IV.
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spread in PTC (20). In the current study, VEGF expression was
significantly associated with extrathyroidal extension in syn-
chronous thyroid cancer. However, there was no significant
correlation with VEGF in primary thyroid cancers. In addi-
tion, there was no significant correlation between VEGF ex-
pression and lymph node metastasis, as well as advanced
tumor stage, in both thyroid cancer groups.

Our study has some potential limitations, which are largely
due to its small sample size and the use of immunohisto-
chemistry techniques. In addition, we could not define the
relationship between VEGF expression and extrathyroidal
extension. These findings warrant further studies.

In conclusion, our results suggest that there is no difference
in clinicopathological characteristics and the studied biologi-
cal markers between synchronous thyroid cancers and pri-
mary thyroid cancers. To our knowledge, this is the first study
describing the clinicopathologic features of synchronous
thyroid cancers in patients with another primary malignancy.
However, further studies with a large sample size are needed
to elucidate the clinicopathologic features and long-term
prognosis of synchronous thyroid cancers with other primary
malignancies.
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