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Evaluation of ultrasonography and pathology results of incidental
thyroid nodules detected on positron emission tomography-
computed tomography: Single center results

Pozitron emisyon tomografi-bilgisayarli tomografide insidental
saptanan tiroid nodiillerinin ultrasonografi ve patoloji sonuglarinin
degerlendirilmesi: Tek merkez sonuclari
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Abstract

Aim: We aimed to determine the thyroid pathologies of patients with thyroid incidentalomas detected on 18F-FDG PET-
CT, to obtain clinical, imaging, histopathology, and surgical treatment results, and to reveal the relationship between
18F-FDG uptake patterns and Maximum Standard Uptake Values (SUVmax) and diagnostic results.

Material and Methods: Data from 1837 patients who underwent PET-CT for any reason between January 2021 and
February 2024 were retrospectively analyzed. Demographic data, ultrasonography (USG) and 18F-FDG PET-CT images,
surgical and histopathological data of all patients meeting the inclusion criteria were reviewed.

Results: Patients with uptake (n = 71) were evaluated with US and thyroid nodules were detected in 46 patients (46/1837)
(2.5%). Of the 22 nodules that were performed fine needle aspiration biopsy (FNAB), 12 were benign pathologies. Among
the six nodules that underwent surgery (2 Bethesda V, 3 Bethesda VI, and 1 Bethesda Ill), three were diagnosed as benign,
while the other three (13.6%) were confirmed as malignant pathology (papillary thyroid carcinoma). The malignancy rate
in nodules with focal uptake was 16.6% (3/18). No statistically significant difference was observed in the median SUVmax
values between benign and malignant nodules (p = 0.164).

Conclusion: It is necessary to determine the need for diagnostic examinations, to reveal the results of diagnostic
interventions, and to increase awareness, especially in patients with focal thyroid uptake observed on 18F-FDG PET-CT
imaging. When focal uptake is detected on 18F-FDG PET-CT, it is important to perform FNAB if it is considered a risky
nodule in terms of US, regardless of the SUVmax value.
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Amag: '®F-FDG PET-BT'de tiroid insidentolomasi saptanan hastalarin tiroid patolojilerini saptamayi, klinik, goriintileme,

histopatoloji ve cerrahi tedavi sonuclarini elde etmeyi, 18F-FDG tutulum paternleri ve Maksimum Standart Uptake
Degerleri(SUVmax) ile tanisal sonuclar arasindaki iliskiyi ortaya koymayr amacladik.

Gerec¢ ve Yontemler: Ocak 2021 ile Subat 2024 arasinda herhangi bir nedenle PET-BT ¢ekilen 1837 hastanin verileri
retrospektif olarak analiz edildi. Dahil etme kriterlerini karsilayan tim hastalarin demografik verileri, ultrasonografi(USG)
ve 18F-FDG PET-BT goruntileri, cerrahi ve histopatolojik verileri incelendi.

Bulgular: Tutulum gésteren hastalar(n = 71) USG ile degerlendirilmis, 46 hastada (%2,5) tiroid nodiilii saptanmusti . ince
igne aspirasyon biyopsisi (IIAB) yapilan 22 nodiilden 12'si benign olarak raporlanmisti. Cerrahiye verilen 6 nodilin (2'si
Bethesda V, 3l Bethesda VI ve 1'i Bethesda Ill) 3'U benign, diger 3'U (%13,6) ise malign (papiller tiroid karsinomu) olarak
sonuclanmisti. Fokal tutulum gosteren nodiillerdeki malignte orani %16,6 (3/18) idi. Benign ve malign nodiillerin ortanca
SUVmax degerleri arasinda ise istatistiksel fark saptanmamisti (p=0,164).

Sonug: Ozellikle 18F-FDG PET-BT gériintiilemesinde fokal tiroid tutulumu gézlenen hastalarda tanisal incelemelere olan
ihtiyacin belirlenmesi, sonuclarinin ortaya konulmasi ve farkindaligin artirilmasi icin SUVmax degerinden bagimsiz olarak
ultrasonografik acidan riskli nodiillere iiAB yapilmasi dnemlidir.

Introduction

Thyroid incidentaloma is often defined as an asymptomatic
thyroid lesion detected incidentally during imaging studies
performed for other reasons and whose frequency increases
with age. The prevalence of thyroid nodules detected by
imaging methods was 23.5% in the young population, while it
was found to be 37%in those over the age of 65 [1]. Malignancy
is detected in 5% of thyroid nodules. The incidence of thyroid
cancer in Turkey in 2022 was reported as 6.4% [2].

Fluorine-18  fluorodeoxyglucose positron emission
tomography-computed tomography (18F-FDG PET-CT) is an
increasingly utilized functional imaging technique for the
diagnosis, staging, and follow-up of oncological, cardiac,
and neurological diseases. Therefore, increased diffuse or
focal 18F-FDG uptake in the thyroid gland is frequently
encountered in daily clinical routine 18F-FDG PET-CT. While
these uptakes may be physiological, they can also be observed
in toxic nodular goiter, multinodular goiter, thyroiditis, and
thyroid malignancies. Incidental focal increased uptake in
the thyroid gland detected on 18F-FDG PET-CT is observed
in approximately 2-3%, and histopathological data indicate
a malignancy risk of 35-40% in a significant portion of these
cases [3-5]. The likelihood of malignancy increases in thyroid
lesions demonstrating uptake on 18F-FDG PET-CT, whereas

nodules without uptake are generally considered benign. Due

Anahtar Kelimeler: pozitron emisyon tomografi-bilgisayarli tomografi, tiroid nodiili, ultrasonografi

to its high sensitivity and specificity, it can exclude malignancy
in indeterminate thyroid nodules, particularly those larger
than 15 mm, with a sensitivity of approximately 95-100%
without requiring additional testing [6].

Evidence-based data have shown that thyroid incidentalomas
are not rare, and the risk of malignancy, especially if the focal
pattern is evident on 18F-FDG PET-CT, cannot be ignored,
thus requiring further clinical and interventional evaluation
[5]. Therefore, in this study, we aimed to determine the thyroid
pathologies of patients with thyroid incidentalomas detected
on 18F-FDG PET-CT, to obtain clinical,imaging, histopathology,
and surgical treatment results, and to reveal the relationship
between 18F-FDG uptake patterns and Maximum Standard
Uptake Values (SUVmax) and diagnostic results.

Material and Methods

This study was conducted retrospectively by scanning hospital
data records from the Endocrinology and Metabolism Diseases
Clinic of our hospital between January 2021 and February 2024.
A total of 1837 adult patients over the age of 18 who showed
uptake in the thyroid gland on 18F-FDG PET-CT were included
in the study. Patients with a previously diagnosed thyroid
cancer, those with a "Maximum Standardized Uptake Value"
(SUVmax) within normal physiological limits on 18F-FDG PET-
CT, patients with repeat imaging, and those with incomplete
medical data (ultrasonography, biopsy, pathology, etc.) were
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excluded from the study. After the retrospective screening,
demographic data, ultrasonography images, 18F-FDG PET-
CT images, surgical, and histopathological data of all patients

meeting the inclusion criteria were examined.

Ultrasonography (US) of the patients was performed by
experienced endocrinologists with at least 5 years of
experience, using a Hitachi HI VISION Preirus device (Hitachi
Medical Systems, Tokyo, Japan) withalineartransducer probe of
central frequency 7.5-15 MHz. Thyroid nodules were classified
according to the European Thyroid Imaging Reporting and
Data System (EU-TIRADS-2017), and the necessity of fine-
needle aspiration biopsy (FNAB) was determined [7]. FNAB
was performed using a 22 Gauge needle with an aspiration
technique under US guidance, collecting samples from at least
two different areas of the nodule. The samples were spread
on glass slides, air-dried, and immediately sent to pathology.
Giemsa-stained samples examined in
department between 2021 and 2024 were retrospectively
re-evaluated and reported according to the Bethesda 2023

Thyroid Cytology Reporting System [8].

18F-FDG PET/CT imaging was performed 60 minutes after FDG
injection using a PET-CT scanner (Biograph 6; Siemens Medical

the pathology

Systems, Erlangen, Germany). FDGinjection was performed after
the patients had fasted for 6 hours and fasting blood glucose
levels were below 150 mg/dl. 18F- FDG was administered
intravenous at a dose of approximately 5.18 MBqg/kg (0.14 mCi/
kg). Immediately after the acquired CT scan for localization and
attenuation correction, the PET scan was acquired in 5-7 bed
positions with an imaging time of 4 minutes for each. 18F-FDG
PET/CT images were reviewed by two experienced nuclear
medicine physicians and visual and semiquantitative analysis
of uptake in the thyroid gland was performed. Whereas focal
18F- FDG uptake was defined as a localized uptake covering
less than an entire thyroid lobe, uptake covering at least one
entire thyroid lobe was analyzed under the diffuse uptake
category in this study. Due to the retrospective design of the
study, interobserver agreement was not assessed. We also
acknowledge that interobserver variability may influence the
results. The study was approved by the ethics committee of
the Ankara Training and Research Hospital (approval date and
number: 17 April 2024-E-24/60). The study was performed in
accordance with the Declaration of Helsinki.

Statistical Analysis
Data were analyzed using the SPSS 27 (Statistical Package
for Social Sciences, Chicago, IL, USA). The normality of
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distribution was assessed using the Kolmogorov-Smirnov test.
Normally distributed data were presented as mean * standard
deviation (SD) and n (%), while non-normally distributed
data were expressed as median (minimum-maximum). The
Mann-Whitney U test was used to compare non-parametric
independent variables. The relationship between numerical
variables was evaluated using the Spearman correlation test
for non-normally distributed data. In this study, the statistical
significance level was accepted as p < 0.05.

Results

Among 1837 patients who underwent 18F-FDG PET-CT
imaging due to known or suspected cancer (excluding thyroid
cancer), FDG uptake was detected in 124 patients. While 53
patients were excluded from the study, incidental thyroid
uptake was found in 71 patients (3.8%) (Figure 1). Of these, 43
patients (2.3%) had focal uptake, while 28 patients (1.5%) had
diffuse thyroid uptake. The mean age of the patients was 59.25
+ 13.17 years, with the majority being female (74.6%).

[ ¥F-FDG PET-CT images (n=1837) J

[ Images with incidental focal or diffuse thyroid FDG uptake
(n=124)

Exclusion criteria:
Repetitive images

Patients with previously
known thyroid cancer
Patients without thyroid
ultrasonography

Patients with 18F-FDG
uptake at the physiological
limit

[ I8F-FDG PET-CT images included in the study (n=71) J

Figure 1. Flow diagram of the search strategy for focal or diffuse
thyroid uptake on 18F-FDG PET-CT

Patients with uptake (n = 71) were evaluated with US and
thyroid nodules were detected in 46 patients (46/1837) (2.5%)
(Figure 2). The median nodule size was 1.5 cm (0.4-5.8 cm),
with focal uptake present in 36 patients (78.3%) and diffuse
uptake in 10 patients (21.7%). FNAB was performed in 18 of
the focal uptake cases and 4 of the diffuse uptake cases. It
was determined that the US findings of 25 patients without
detected nodules were consistent with chronic thyroiditis, and
the majority of these patients (72%) exhibited diffuse uptake
on 18F-FDG PET-CT imaging.
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Figure 2. Evaluation of patients with focal or diffuse thyroid
uptake on 18F-FDG PET-CT for the presence of nodules and nodule
characteristics by Thyroid US, A) Presence of nodules on US, B)
Distribution of nodules on US according to EU-TIRADS classification,
C) Distribution of fine needle aspiration cytology result of nodules

according to Bethesda categorization.

The indications for performing 18F-FDG PET-CT in 46 patients
with thyroid nodules detected in US are listed in Table 1.

Among the 46 nodules, 24 were considered benign or low-risk
for malignancy according to the EU-TIRADS classification, with
no further investigation recommended, and therefore, a biopsy
was not performed (Figure 2) [7]. The remaining 22 patients had
nodules with sonographic features requiring further evaluation,
leading to fine-needle aspiration biopsy (FNAB). Among the 22
biopsied nodules, 12 were reported as benign (Bethesda ll), two
as suspicious for malignancy (Bethesda V), three as malignant

(Bethesda VI), and one as atypia of undetermined significance
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(Bethesda lll). Four biopsy results were reported as non-
diagnostic (Bethesda I) (Figure 2) [8].

No surgical resection was performed on the 12 cytologically
benign nodules. The four nodules were cytologically non-
diagnostic (Bethesda I) and these patients refused surgical
resection by their own decision. Among the six nodules
that underwent surgery (2 Bethesda V, 3 Bethesda VI, and
1 Bethesda lll), three were diagnosed as benign, while the
other three (13.6%) were confirmed as malignant pathology
(papillary thyroid carcinoma) [8].
exhibited focal uptake on 18F-FDG PET-CT. The malignancy
rate in nodules with focal uptake was 16.6% (3/18).

All malignant nodules

The median SUVmax value of the 71 incidental thyroid gland
lesions (with either diffuse or focal uptake) was 4.59 (range:
2.3-17.6). There was no significant difference in SUVmax values
between diffuse and focal uptake groups (diffuse uptake: 5.07
[2.3-12] vs. focal uptake: 4.4 [2.3-17.6], p = 0.326). The median
SUVmax value of the 46 US-confirmed thyroid nodules was
445 (2.3-17.6), whereas the median SUVmax value of patients
without detected nodules (n=25) was 4.78 (2.3-12) (p =0.459).
Among patients with focal uptake and detected nodules, there
was no significant difference in SUVmax values between those
who underwent FNAB and those who did not (5.84 vs.5.74,p =
0.501). The median SUVmax value of the 15 confirmed benign
lesions was calculated as 4.59 (2.7-13.3), while the detailed
characteristics of the three malignant nodules are presented
in Table 2. No statistically significant difference was observed
in the median SUVmax values between benign and malignant
nodules (p = 0.164).

Finally, no correlation was found between SUVmax values
and nodule size, Bethesda classification, or EU-TIRADS
categorization (Table 3). However, a positive correlation was
observed between the Bethesda classification and both
nodule size and EU-TIRADS categorization (r = 0.385, p = 0.008
and r=0.550, p < 0.001, respectively).
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Discussion

Nowadays, the prevalence of incidental thyroid nodules
is increasing with the increasing frequency of diagnostic
imaging. Different rates for the prevalence of incidental
thyroid nodules detected by 18F-FDG PET-CT have been
reported in the literature. In a meta-analysis, the prevalence
in the included studies ranged between 0.16% and 11.74%,
while the pooled prevalence was reported as 2.22% [9]. In our
research, incidental thyroid gland uptake was found to be
3.8% and thyroid nodule prevalence was 2.5%.

As is known, uptake patterns in the thyroid gland and SUVmax
values in 18F-FDG PET-CT are important in the diagnosis and
follow-up of thyroid diseases. Focal thyroid uptake is highly
suspicious for malignancy [9]. In the literature, focal thyroid
uptake has been reported to be around 2% [3]. Similarly, this rate
was found to be 2.3% in our study and focal uptake was seen
in all malignant nodules. Another important point is that the
SUVmax value is directly proportional to the malignancy of the
thyroid nodule [4]. Different cut-off values have been reported
in the literature to interpret the benign or malignant status of a
thyroid nodule detected by 18F-FDG PET-CT according to the
SUVmax value. For example, Kang et al. reported the cut-off
value for SUVmax as 4.2 [10], while Bae et al reported the cut-off
value for SUVmax as 3.5 [11]. On the contrary, Kim et al, Are et
al, and Bogsrud et al reported no difference in SUVmax between
benign and malignant lesions [12-14]. In our study, while the
median SUVmax value of 15 benign lesions was 4.59, the median
SUVmax value of 3 malignant lesions was 5.7 and no statistical
difference was found between the median SUVmax values of
benign and malignant nodules (p = 0.164). The fact that there
were 3 malignant nodules prevented us from making a healthy
statistic to determine the cut-off. However, numerically, all of the
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SUVmax values of the malignant nodules were above the cut-off

values specified in the literature (SUVmax > 5.5). This may be due
to the fact that the number of nodules biopsied in this study was
small, and two of the malignant thyroid nodules were measured
with lower SUVmax due to partial volume effects because of their
small size [15]. We also explicitly note that limited sample size
may have reduced the power to detect a statistically significant
difference. Therefore, when focal uptake is seen on 18F-FDG PET-
CT, we recommend FNAB if itis considered a risky nodule in terms
of US, regardless of the SUVmax value.

When focal thyroid uptake is detected incidentally on 18F-FDG
PET-CT, the thyroid should be evaluated with US. Biopsy is
recommended for >1 ¢cm EU-TIRADS-4/5 nodules and >2 cm
EU-TIRADS-3 nodules. For <2 c¢cm EU-TIRADS-2/3 nodules,
follow-up with US at 6-12 month intervals is recommended
[16]. Biopsy is not recommended for EU-TIRADS-2 nodules
since no malignancy was detected in any of the studies [17].
EU-TIRADS-3/4/5 nodules <1 cm may be considered for biopsy
only if there is a high risk and aggressive US features [18].
Diffuse FDG uptake in the thyroid gland may be physiological.
However, it may also be seen in cases of increased gland activity
or inflammation (Hashimoto's thyroiditis, Graves' disease,
subacute thyroiditis, post-RAI treatment thyroiditis, etc.). For
example, diffuse FDG uptake caused by chronic thyroiditis may
hide the focal nodule at the base. Although the probability of
malignancy is low in diffuse FDG uptake, this condition cannot
be excluded [12]. Therefore, when necessary, an evaluation
with ultrasound can guide decision-making. In our study, we
decided to perform FNAB on four thyroid incidentalomas
showing diffuse uptake after evaluating with the US. According
to the American Thyroid Association (ATA) guideline, if there is
diffuse FDG uptake in chronic lymphocytic thyroiditis proven by
US and laboratory findings, further investigation is not required



[19]. The British Thyroid Association (BTA) guidelines state that
thyroid nodules with focal uptake on 18F-FDG PET-CT are high-
risk nodules and recommend US and TIAB [20]. To optimize
clinical applicability, we use a follow-up strategy based on
ultrasound risk stratification using the EU-TIRADS system. In
our study, based on EU-TIRADS criteria, 24 of 46 nodules were
not subjected to FNAB because they had benign and low-risk
characteristics. Since the design of our study was retrospective,
further investigation into the outcomes and follow-up of
benign nodules could not be performed. According to some
opinions, it has been reported that incidental thyroid nodules
that are found to be malignant are overemphasized and further
investigated despite the low mortality rate and mild prognosis
[21]. In a consensus supporting this view, it was stated that
further investigation may not be performed if the patient's
5-year life expectancy is low because the probability of the
nodule being malignant is less than 15% [18].

In the literature, the malignancy rates of thyroid nodules
showing FDG uptake have been reported at different rates.
For example, in a meta-analysis including 22 studies, it was
reported that the malignancy rate of thyroid nodules showing
FDG thump was 35% [3]. In another meta-analysis, the
malignancy rate was reported as 30.8% [9]. On the contrary,
in other studies in the literature in which most of the thyroid
nodules showing FDG uptake were followed up, this rate
was reported to be around 15% and it was actually shown
that the malignancy rate may be lower [22]. In our study, the
malignancy rate in all nodules showing uptake (focal and
diffuse) was found to be 13.6% (3/22), while the malignancy
rate in nodules showing focal uptake was found to be 16.6%
(3/18). Similarly, in the study of Elzein et al., 16 of 30 nodules in
1730 FDG PET/CT scans underwent FNAB and malignancy was
detected in only 2 (12.5%) [23]. The relatively low malignancy
rates in our study compared to the literature may be related
to the risk classification we used to evaluate the nodules.
In addition, the fact that not only histopathology but also
cytopathology reports were used in some of the other studies
in the literature to assess the risk of malignancy may have
contributed to the higher detection of malignancy rates [12].

The pathology of the 3 malignant nodules in our study was
reported as papillary thyroid carcinoma, the most common
type of differentiated thyroid cancer in the literature [3].
Metastasis was not detected in any of the cases.

An association between thyroid nodules and breast cancer is
known [24]. A recent study by Chen-Yu Ma et al. showed an
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increased frequency of thyroid nodules in patients with breast
cancer (especially in hormone-positive breast cancer patients)
[25]. In this study, breast cancer was found to be the most
common malignancy accompanying thyroid nodules.

The first limitation of our study is the small number of patients,
as the PET-CT device in our hospital has been in use since 2021.
Secondly, only the EU-TIRADS classification was used as the US
risk classification when evaluating nodules. Thirdly, since it was
a retrospective study, some data cannot be accessed. On the
other hand, the strength of our study is that the malignancy
risk of the nodules was confirmed by histopathology.

In conclusion, this current study demonstrated that when
focal uptake is observed on 18F-FDG PET-CT, FNAB should be
performed if the nodule is considered ultrasonographically
suspicious, regardless of the SUVmax value. During the diagnosis
or follow-up of oncologic patients, thyroid uptake in PET-CT may
be overlooked due to a focus on the primary malignancy, and
therefore, these patients may not be referred to endocrinology
clinics. To avoid missing such cases, it is essential to determine
the need for diagnostic evaluation in patients with focal
thyroid uptake in 18F-FDG PET-CT, to clarify outcomes through
diagnostic interventions, and to increase awareness. Establishing
optimal management will not only reduce unnecessary FNABs
and subsequent surgeries but also allow for a personalized
approach based on the primary malignancy, performance status,
and survival of oncologic patients. Therefore, further guiding
studies and clinical guidelines are needed for the diagnosis,
management, and follow-up of incidental thyroid nodules
showing uptake in PET-CT.
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