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Abstract
Background: Incidental thyroid lesions carry the risk of
being malignant. Hence, they present a potential challenge
for clinicians that necessitates careful management.
Aim of Study: The aim of this retrospective cohort study
was to assess the thyroid incidentalomas detected on fluorine18-Fluorodeoxyglucose Positron
Emission Tomography/
18
Computed Tomography ( F-FDG PET/CT), as well as to
determine a maximal standardized uptake value (SUVmax)
cutoff that could potentially help in the diagnostic process.
Patients and18
Methods: Medical records of 1526 patients
who performed F-FDG PET/CT as part of the diagnostic
work up for non-thyroid malignancy were retrospectively
reviewed. Patients with thyroid incidentalomas who fulfilled
the eligibility criteria were enrolled into the study. The SUVmax of the lesions and the results of histopathological examination were recorded. Receiver-Operating Characteristic
(ROC) curve analysis was carried out.
Results: Thyroid incidentalomas were detected in 112/1526
patients (7.3%). Of those, only 46 patients (41%) fulfilled the
eligibilty criteria. Histopathological examinations [FNAC
(n=46), surgery (n=19)] revealed that 11/46 lesions (23.9%)
were malignant, whereas 35/46 lesions (76.1%) were benign.
The mean SUVmax of malignant lesions (7.05±1.51) was
significantly higher than that of benign lesions (3.18±1.74);
p=0.001. An SUVmax cutoff value of 5.5 was the most accurate
for discriminating between benign and malignant incidentalomas, with 90.91% sensitivity and 82.86% specificity;
p=0.001.
18

Conclusion: The incidence of F-FDG-avid thyroid
incidentalomas is relatively high among patients who undergo
PET/CT as part of the diagnostic work up for non-thyroid
malignancy. The SUVmax values are higher in malignant
incidentalomas, yet with a noticeable overlap in the values
between benign and malignant lesions. An SUVmax cutoff
value of 5.5 can potentially be utilized to predict the nature
of incidental thyroid lesions.
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Introduction
INCIDENTAL thyroid lesions (thyroid incidentalomas) are asymptomatic thyroid lesions that are
accidentally discovered while investigating another
unrelated condition. Thyroid incidentalomas represent a frequent radiological/clinical finding,
occurring in up to 5% of the population. The risk
of those lesions is generally higher in females, and
increases with age, reaching up to 30-40% among
patients over the age of 50. Incidental thyroid
lesions carry the risk of being malignant. Hence,

List of abbreviations:
US
: Ultrasound.
CT
: Computed Tomography.
MRI
: Magnetic Resonance Imaging.
SUVmax : Maximal Standardized Uptake Value.
FDG
: Fluorodeoxyglucose.
PET/CT : Positron Emission Tomography/Computed
Tomography.
3D
: Three-Dimentional.
PET
: Positron Emission Tomography.
PSF
: Point-Spread-Function.
TOF
: Time-of-Flight.
FNAC : Fine-Needle Aspiration Cytology.
ROC
: Receiver-Operating Characteristic.
SPSS
: Statistical Package for Social Sciences.
SD
: Standard Deviation.
NOS
: Not Otherwise Specified.
MIP
: Maximum Intensity Projection.
18
F-FDG : Fluorine-18-Fluorodeoxyglucose Positron Emission
PET
Tomography.
18
F-FDG : Fluorine-18-Fluorodeoxyglucose Positron Emission
PET/CT Tomography/Computed Tomography.
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they present a potential challenge for clinicians
that necessitates careful management [1,2].

• All patients had to fast for almost six hours before
the examination.

The recent generation of Ultrasound (US) machines, which provides better resolution compared
to previous generations, has demonstrated an increased depiction rate of incidental thyroid lesions,
reaching up to 67%, a rate which is more or less
equivalent to that provided by autopsy [3] . In addition, several prospective studies have revealed
a 70-83% depiction rate of small incidental thyroid
nodules that are smaller than 10mm on US scanning
[4] . Meanwhile, a depiction rate of 15% has been
reported with the use of Computed Tomography
(CT) or Magnetic Resonance Imaging (MRI) [5,6],
compared to a rate of 1-2% with the use of fluorine18-fluorodeoxyglucose
positron emission tomog18
raphy ( F-FDG PET) [7,8].

• In supine position; the examination was performed
with the patient's arms resting over the head, and
via helical mode, the acquisition of images was
carried out from the head down to the mid-thigh
level.

The aim of this retrospective cohort study was
to assess the incidental thyroid lesions detected on
18
F-FDG positron
emission tomography/computed
18
tomography ( F-FDG PET/CT) in terms of FDG
uptake patterns, maximal standardized uptake
values (SUVmax), and incidence of malignancy;
as well as to determine an SUVmax cutoff value
that could potentially help in the diagnostic process.
Patients and Methods
The 18
medical records of 1526 patients who performed F-FDG PET/CT as part of the diagnostic
work up for non-thyroid malignancy between
December 2019 and June 2020 in our institution
were retrospectively reviewed. Patients in whom
18
F-FDG PET/CT revealed a thyroid incidentaloma
were enrolled into the study only if they fulfilled
the following stringent eligibility criteria:
• Inclusion criteria:
Documented area(s) of abnormal Fluorodeoxyglucose (FDG) uptake in the thyroid gland; no
history of thyroid cancer or previous thyroid surgery; as well as documented18results of histopathological examination of the F-FDG-avid thyroid
incidentaloma.

• In a three-dimentional (3D) mode; a Positron
Emission Tomography (PET) scan was performed
following a low-dose Computed Tomography
(CT) scan.
• Images were acquired using sequential bed positions in an overlapping pattern, with a scan duration of 3 minutes per bed position.
• The image reconstruction method incorporated
Point-Spread-Function (PSF), along with Timeof-Flight (TOF). Finally, via 3-mm slice thickness,
the given projection data was reconstructed.
• To obtain multiplanar reformatted CT images, a
special work station was used.
Data analysis and interpretation of the PET/CT
images:
18
All F-FDG PET/CT images were interpreted
by two radiologists, one of whom interpreted all
the images of the study patients, whereas the second
radiologist varied from one patient to the other.
Each of the reporting radiologists had an experience
of 5 years-at least-in PET/CT imaging.
Thyroid affection was classified into focal and
diffuse FDG uptake patterns. The focal uptake
pattern was defined as a localized form of FDG
uptake, whereas the diffuse uptake pattern was
defined as FDG uptake entangling the whole thyroid
gland.

The study protocol was approved by the institutional Ethical Committee.

A cubical volume of interest, 30-mm
in size,
18
was placed over the suspicious F-FDG-avid
thyroid lesion to obtain the maximal standardized
uptake value (SUVmax). In the case of diffuse
thyroid gland affection, the area of maximal FDG
uptake was visually detected and its SUVmax was
calculated. In the case of multiple thyroid nodules,
the SUVmax was used to quantify the FDG uptake
in the nodule with the highest uptake. The calculated SUVmax was correlated with background
activity where the liver was used as a reference
value. However, in cases with a diseased liver; the
mediastinal blood pool was used instead.

Imaging technique:
• All examinations were performed on a dedicated
PET/CT scanner (Siemens, CT 128; Medical
Solutions, Knoxville, USA).

Finally, all the study patients underwent diagnostic thyroid Fine-Needle Aspiration Cytology
(FNAC). The FNAC results were categorized into
4 groups: Benign, suspicious for malignancy,

• Exclusion criteria:
History of thyroid cancer, previous thyroid
surgery, and/or unavailable histopathological data.
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malignant, and inconclusive. If the result was 'malignant', total thyroidectomy was carried out. If it
was 'suspicious for malignancy', either total thyroidectomy or thyroid lobectomy was undertaken,
depending on the pattern and distribution of FDG
uptake. However, if the result was 'benign', thyroid
lobectomy was carried out only in patients with
focal FDG uptake and a corresponding suspicious
solitary thyroid nodule on clinical examination.
The definitive diagnosis of the nature of the incidental thyroid lesion(s) was made on the basis of
histopathological examination (surgery/FNAC).
Patient socio-demographic data, FDG uptake
patterns and maximal standardized uptake values
(SUVmax) of the incidental thyroid lesions, as
well as results of histopathological examination
of those lesions were all recorded. Previous imaging
studies and relevant clinical data were also documented.
Statistical analysis:
Values were expressed in the form of mean ±
standard deviation or number (%). A p-value <0.05
was regarded as an indicator for significant difference. Receiver-Operating Characteristic (ROC)
curve analysis was then used to determine an
SUVmax cutoff value that could potentially help
to discriminate between benign and malignant
thyroid incidentalomas. Data was analyzed via
Statistical Package for Social Sciences (SPSS)
software.
Results
18

Of the 1526 patients who underwent18 F-FDG
PET/CT over the 7-month study period, F-FDGavid thyroid incidentalomas were detected in 112
patients, with an incidence (depiction rate) of 7.3%.
Of those, only 46 patients (41%) fulfilled our
eligibilty criteria and were enrolled into the study.
The study patients (n=46) ranged in age from
32 to 83 years [mean ± Standard Deviation (SD),
59.30±12.07]. Fourteen patients (30.4%) were
males, whereas 32 (69.6%) were females; p=0.008.
The clinical features of the study patients and
their primary malignant pathologies were listed in
(Tables 1,2).
Table (1) clinical features of the study patients
(n=46).
Table (2) primary malignant pathologies in the
study patients (n=46).
18

The FNAC results of the F-FDG-avid incidental thyroid lesions were 'malignant' in 9 cases
(19.6%), 'suspicious for malignancy' in 8 cases

(17.4%),
and 'benign' in 29 cases (63%). Based on
18
the F-FDG PET/CT findings and FNAC results,
thyroid surgery was carried out in a total of 19
cases (41.3%) [total thyroidectomy (n=12), thyroid
lobectomy (n=7)]. Histopathological examinations
(surgery/FNAC) revealed that 11 out of the 46
incidental thyroid lesions (23.9%) were malignant
[papillary thyroid carcinoma (n=5), thyroid lymphoma (n=3), thyroid metastases (n=2), follicular
thyroid carcinoma (n=1)]; whereas 35/46 lesions
(76.1%) were benign [benign, Not Otherwise Specified (NOS) (n=22); thyroiditis (n=7); multinodular
goiter (n=6)] (Table 3).
Table (1): Clinical features of the study patients (n=46).
Variable

Number

Percent

Age (years, mean ± SD)

59.30±12.07

Gender:
Female
Male

32
14

69.6%
30.45%

Pattern of FDG uptake:
Diffuse
Focal

14
32

30.4%
69.6%

Thyroid lobe(s) involved:
Left lobe
Right lobe
Both lobes

17
12
17

37.0%
26.1%
37.0%

FNAC

46

100%

Surgery

19

41.3%

Pathology of incidental
thyroid lesions:
Benign
Malignant

35
11

76.1%
23.9%

FDG : Fluorodeoxyglucose.
FNAC: Fine Needle Aspiration Cytology.

Table (2): Primary malignant pathologies in the study patients.

Primary malignant pathology

Number
(%)

Breast cancer
Lymphoma
Urinary bladder carcinoma
Ovarian Cancer
Pancreatic Cancer
Colon Cancer
Renal cell carcinoma
Primary peritonteal carcinoma
Hepatocellular carcinoma
Lung cancer
Sarcoma
Prostate cancer
Endometrial carcinoma
Esophageal cancer
Melanoma
Gastric carcinoma

19 (41.3%)
4 (8.6%)
1 (2.2 %)
3 (6.5%)
1 (2.2%)
3 (6.5%)
3 (6.5%)
1 (2.2%)
1 (2.2%)
1 (2.2%)
2 (4.3%)
1 (2.2%)
1 (2.2%)
1 (2.2%)
1 (2.2%)
3 (6.5%)

Malignant
incidental
thyroid lesions
(n=11)
4
1
2
1
1

2
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Table (3) results of histopathological examination for incidental thyroid lesions in the study
patients.
The FDG uptake pattern was diffuse in 14 out
of the 46 incidental thyroid lesions (30.4%), and
focal in 32/46 lesions (69.6%). In the 'diffuse
uptake pattern' group, 12/14 lesions (85.7%) were
benign [thyroiditis (n=7), benign, NOS (n=5)];
whereas only 2/14 lesions (14.3%) were malignant
(thyroid lymphomas); p=0.002. On the other hand,
in the 'focal uptake pattern' group in which 9/32
lesions (28.1%) were malignant, the size of the
malignant lesions [1.8-2.7cm (mean ± SD, 1.69±
0.87)] was larger than that of the benign lesions
[0.9-2.7cm (mean ± SD, 0.93±0.77)], with a statis-

(A)

(B)

tically significant difference between the two given
groups (p=0.002).
12
10
SUVmax
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Fig. (1): Boxplot showing the maximal standardized uptake
values (SUVmax) of incidental thyroid lesions in
the study patients.

(C)

Fig. (2): Positron
Emission Tomography/Computed Tomography (PET/CT) in a patient with esophageal cancer showing an
18
F-FDG-avid thyroid incidentaloma, with the (A) Axial fused, (B) Axial MIP and (C) Axial CT images revealing a
right thyroid lobe well-defined hypodense nodule showing heterogeneous contrast uptake associated with intense FDG
avidity (SUVmax ~5.8). Histopathological examination of the lesion revealed its benign nature.
18

F-FDG : Fluorine-18-Fluorodeoxyglucose.
MIP
: Maximum Intensity Projection.

(A)

(B)

CT
: Computed Tomography.
SUVmax : Maximal Standardized Uptake Value.

(C)
18

Fig. (3): Positron Emission Tomography/Computed Tomography (PET/CT) in a patient with breast cancer showing an FFDG-avid thyroid incidentaloma, with the (A) Axial fused, (B) Axial MIP and (C) Axial CT images revealing a left
thyroid lobe hypermetabolic calcified nodule (SUVmax ~7.8). Histopathological examination of the lesion revealed
papillary thyroid carcinoma.
18

F-FDG : Fluorine-18-Fluorodeoxyglucose.
MIP
: Maximum Intensity Projection.

CT
: Computed Tomography.
SUVmax : Maximal Standardized Uptake Value.
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(A)

(B)

(C)
18

Fig. (4): Positron Emission Tomography/Computed Tomography (PET/CT) in a patient with breast cancer showing an FFDG-avid thyroid incidentaloma, with the (A) Axial fused, (B) Axial MIP and (C) Axial CT images revealing a left
thyroid lobe small hypermetabolic nodule (SUVmax ~3.6). Histopathological examination of the lesion revealed its
benign nature.
18

F-FDG : Fluorine-18-Fluorodeoxyglucose.
MIP
: Maximum Intensity Projection.

(A)

CT
: Computed Tomography.
SUVmax : Maximal Standardized Uptake Value.

(B)

(C)

Fig. (5): Positron
Emission Tomography/Computed Tomography (PET/CT) in a patient with endometrial carcinoma showing
18
an F-FDG-avid thyroid incidentaloma, with the (A) Coronal MIP, (B) Axial fused, and (C) Axial CT images revealing
diffuse thyroid uptake, more on the left side (SUVmax ~5.9). Histopathological examination of the lesion revealed
thyroiditis.
18

F-FDG : Fluorine-18-Fluorodeoxyglucose.
MIP
: Maximum Intensity Projection.

In the study patients, the maximal standardized
uptake values (SUVmax) of the malignant lesions
[4.5-10.3 (mean ± SD, 7.05±1.51)] were higher
than those of the benign lesions [1.2-6.4 (mean ±
SD, 3.18±1.74)]; and the difference between the
two given groups was statistically significant; p=
0.001 Figs. (1-5).
Receiver-Operating Characteristic (ROC) curve
analysis showed that the SUVmax cutoff value of
5.5 was the most accurate for discriminating between benign and malignant thyroid incidentalomas
(i.e. an SUVmax >5.5 was strongly suggestive of
malignancy), with an area under the curve of 0.949,
a sensitivity of 90.91%, a specificity of 82.86%,

CT
: Computed Tomography.
SUVmax : Maximal Standardized Uptake Value.

a positive predictive value of 62.5%, and a negative
predictive value of 96.7%; p=0.001 Fig. (6).
Table (3): Results of histopathological examination for incidental thyroid lesions in the study patients.
Biopsy results

Number (%)

Malignant:
Papillary thyroid carcinoma
Thyroid lymphoma
Thyroid metastases
Follicular thyroid carcinoma

5 (10.9%)
3 (6.5%)
2 (4.3%)
1 (2.2%)

Benign:
Benign NOS (Non Otherwise Specified)
Thyroiditis
Multinodular goiter

24 (52.2%)
7 (15.2%)
4 (8.7%)
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Sensitivity

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
1-Specificity
Fig. (6): Receiver-Operating Characteristic (ROC) curve
analysis showing that the SUVmax cutoff value of
5.5 was the most accurate for discriminating between
benign and malignant thyroid incidentalomas, with
an area under the curve of 0.949, a sensitivity of
90.91% and a specificity of 82.86%; p=0.001.
SUVmax: Maximal Standardized Uptake Value.

Discussion
Incidental lesions or incidentalomas at different
anatomical sites (e.g. thyroid gland, parotid gland,
breast, suprarenal glands, gastrointestinal tract,
prostate);
presenting as areas of increased or ab18
normal F-FDG uptake on PET/CT examinations;
have all been studied throughout the literature.
Although the thyroid gland has long been considered as the best example
for evaluation of inciden18
talomas detected on F-FDG PET/CT, the assessment of such thyroid lesions still presents a big
source of challenge and controversy [9,10].
With the recent significant increase in the use
of PET/CT technology & the number of PET/CT
machines all over the world, and with the emergence of new indications for this examination;
there has been an increase in the number of incidental thyroid lesions detected. Thereby, evaluating
such lesions and identifying their possible nature,
whether malignant or benign, has become crucial
[11-14] .
Our study revealed a significantly higher incidence of thyroid incidentalomas in females (69.6%),
compared to males (30.4%); p= 0.008. This finding
is consistent with Choi et al., [11] who reported a
female-to-male ratio of 25:19 in patients with
incidental thyroid lesions, as well as Bae et al.,
[13] who also demonstrated an increased incidence
of such lesions in females (11.7% in females compared to 4.7% in males), with p<0.0001 denoting
statistical significance. It also partially agrees with
Algin et al., [15] who reported a relatively higher
incidence in females, compared to males, yet with
no significant statistical difference.

In this study, 112 cases of thyroid incidentalomas, showing diffuse
or focal FDG uptake patterns,
18
were detected on F-FDG PET/CT, with an incidence (depiction rate) of 7.3%, and a 23.9% incidence of malignancy. These findings agree with
Algin et al., [15] who reported incidental thyroid
lesions, showing diffuse or focal uptake patterns,
in 5.6% of cases, with a 32.7% incidence of malignancy. They are also consistent with Bae et al.,
[13] and Kang et al., [14] , who reported an up to
9% prevalence of incidental thyroid lesions. The
higher incidence of thyroid incidentalomas in our
study could be largely attributed to the enrollment
of patients showing either diffuse or focal FDG
uptake patterns in contrary to most of other studies
which were primarily concerned about the focal
uptake pattern, revealing a lower incidence of
thyroid lesions (1.1-4%), with a 14-60% incidence
of malignancy [11,12,16].
The thyroid gland diffuse FDG uptake pattern
has almost been related to benign causes (e.g.
multinodular goiter, thyroiditis) [17]. In our study,
in the 'diffuse uptake pattern' group, most of the
thyroid incidentalomas were benign [12/14 lesions
(85.7%)], whereas only 2/14 lesions (14.3%) were
malignant; and the difference was statistically
significant (p=0.002). The incidence of malignancy
in the aforementioned group was lower than that
observed in the 'focal uptake pattern' group (28.1%).
These findings agree with Bae et al., [13] who
reported a 30.9% incidence of malignancy in lesions
showing focal FDG uptake, compared to a 6.4%
incidence in those showing diffuse uptake. They
also agree with Kang et al., [14] who reported a
37.2% incidence of malignancy in lesions showing
focal uptake, compared to a 4.7% incidence in
those showing diffuse uptake. However, our findings disagree with Algin et al., [15] who showed
no statistically significant difference in incidence
between benign and malignant lesions in patients
with diffuse FDG uptake. In our study, thyroiditis
was the most commonly depicted benign pathology
in the 'diffuse uptake pattern' group, whereas thyroid lymphoma was the most commonly depicted
malignant pathology in the aforementioned group.
This observation is consistent with the results of
a recent study [15] which showed that the commonest benign cause for diffuse FDG uptake was thyroiditis, whereas the commonest malignant causes
for this uptake pattern were thyroid metastases and
lymphoma. Our findings also agree with previous
results reported by Basu et al., [18] and Karantanis
et al., [19].
Data analysis showed that the mean size of the
malignant lesions (1.69±0.87cm) was larger than
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that of the benign lesions (0.93±0.77cm), with a
statistically significant difference between the two
groups (p=0.002). This agreed with Algin et al.,
[15] who reported a statistically significant difference between the mean size of malignant lesions
(2.9±1.6cm) and that of benign lesions (2.1±0.9cm);
p=0.014. On the contrary, however, Bae et al., [13]
showed no significant difference in size between
benign and malignant lesions (p=0.289). Our study
also revealed that the mean maximal standardized
uptake value (SUVmax) of the malignant lesions
(7.05±1.51) was higher than that of the benign
lesions (3.18±1.74), and the difference between
the two groups was also statistically significant;
p=0.001. In addition, ROC curve analysis showed
that the SUVmax cutoff value of 5.5 was the most
accurate for predicting the nature of thyroid incidentalomas, with 90.91% sensitivity and 82.86%
specificity. These findings agree with Algin et al.,
[15] who reported a statistically significant difference between benign and malignant thyroid lesions
in terms of their SUVmax (p<0.001), while suggesting a cutoff value of 6 to predict the nature of
the lesion. Our results also agree with 3 other
studies [12,14,16] which reported statistically significant differences between benign and malignant
incidental thyroid lesions in terms of their maximal
standardized uptake values, with the values being
higher in malignant lesions. In contrast to our study
findings, Bogsrud et al., [20] and Kim et al., [21]
showed no significant difference in SUVmax between benign and malignant thyroid incidentalomas.
In this study, there was a noticeable overlap in
the maximal standardized uptake values (SUVmax)
between benign and malignant incidental thyroid
lesions. This was one of the main challenges encountered by the reporting radiologists during
interpretation of the PET/CT images. Similar patterns of overlap were noted in previous studies
[12,14-16] . Few theories have been proposed to explain this overlap. The most widely accepted theory
was that based on the expression of glucose transporters in thyroid incidentalomas, the pattern of
which could explain the difference in the degree
of FDG uptake between benign and malignant
lesions [22] .
Limitations of the study:
The study limitations included the lack of histopathological data in some cases with thyroid
incidentalomas, the retrospective study design, as
well as the small sample size. In addition, the
possibility of missing a thyroid malignancy in
patients with multiple thyroid nodules showing
abnormal FDG uptake was another drawback,

where only the nodule with the highest FDG uptake
was histopathologically evaluated by FNAC.
Conclusion:
18
The incidence of F-FDG-avid thyroid incidentalomas is relatively high among patients who
undergo PET/CT as part of the diagnostic work up
for non-thyroid malignancy. The maximal standardized uptake values (SUVmax) are higher in
malignant incidentalomas, yet with a noticeable
overlap in the values between benign and malignant
lesions. An SUVmax cutoff value of 5.5 can potentially be utilized to predict the nature of incidental thyroid lesions. Further prospective studies
are, however, still18needed in order to explore in
depth the role of F-FDG PET/CT in detecting
and predicting the nature of those frequently encountered thyroid lesions.
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