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ABSTRACT
With the increasing use of 18F‑fluorodeoxyglucose (FDG) positron emission tomography–computed tomography (PET‑CT) scans in oncology, the finding 
of thyroid incidentalomas, also popularly described as PET‑associated incidental neoplasms (PAINs) of the thyroid gland is not unusual. The 18F‑FDG 
PET‑CT scans of all patients who underwent imaging for indications other than thyroid malignancy at our tertiary care center between January 1 and 
December 31, 2017, were retrospectively reviewed for PAINs of the thyroid. A total of 1737 18F‑FDG PET‑CT scans were done at our center in the year 
2017. 288 thyroid incidentalomas were detected in the said period; the rate of PET‑CT‑detected thyroid incidentalomas being 16.58%, focal incidentalomas 
among them being 11.7%. Only 29 out of 204 patients (14.21%) with focal thyroid incidentalomas in our cohort underwent an aspiration cytology and/or 
ultrasound. The rate of malignancy among the PET detected focal thyroid incidentalomas in the cohort of patients with a proven diagnosis was 10.34%. 
Our study highlights the challenges in the evaluation and management of PAIN in a tertiary care oncology setting. None of the factors studied including 
nodule size and standardized uptake value predicted the risk of malignancy. Clinicians specializing in the management of thyroid nodules need to 
understand the clinical significance of the PAIN, and we hope that our unique experience adds to the limited clinical information available in this regard.
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INTRODUCTION

Incidentalomas are generally described as incidental imaging 
findings in an organ in patients without any signs/symptoms 
of disease in that organ of interest.[1] Positron emission 
tomography–computerized tomography  (PET‑CT)‑detected 
incidentalomas have been reported to occur in many organs 
of the body including the thyroid gland, adrenal gland, lung, 
gastrointestinal tract, breast, and the prostate gland as well. 
Thyroid incidentalomas are in fact common in imaging, but 
the risk of harboring an underlying malignancy varies greatly 
depending on the imaging modality used.[2,3] PET‑CT‑detected 
incidentalomas also described as PET‑associated incidental 
neoplasms (PAINs) of the thyroid gland are rare but are being 
increasing reported with the increasing use of the PET‑CT 
scans in oncological practice. We review and critically analyze 
our data of PAIN of the thyroid identified in a cohort of cancer 
patients over a year.

MATERIALS AND METHODS

The 18F‑fluorodeoxyglucose (FDG) PET‑CT scans of all patients 
who underwent imaging for indications other than thyroid 
malignancy at our tertiary care center between January 1 and 
December 31, 2017, were retrospectively reviewed for PAINs 
of the thyroid. PET‑CT  (GE DISCOVERY VCT)‑BGO scanner 
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was used in all patients and 18F‑FDG was the pharmaceutical 
agent employed. As per our institutional practice, the 
entire 18F‑FDG PET‑CT scans were read independently by 
two trained specialists, a nuclear medicine physician and a 
radiologist, and a final diagnosis of FDG uptake was made 
in consensus. The classification of FDG uptake in the thyroid 
was additionally expressed by semi‑quantitative analysis of 
the uptake by calculation of standardized uptake value (SUV).

Data pertaining to the fine‑needle aspiration cytology (FNAC) 
by Bethesda reporting system and ultrasound reports of focal 
thyroid incidentalomas were collected from the medical 
records of the patients who had focal PAINs of the thyroid 
gland. The entire clinical data were analyzed for any correlation 
between 18F‑FDG PET‑CT scan findings and cytological diagnosis 
of thyroid malignancy. IBM SPSS software (version 20, Armonk, 
NY, IBM Corp., USA) was used for statistical analysis of the 
data sets.

RESULTS

A total of 1737 18F‑FDG PET‑CT scans were done as a part of 
the staging/follow‑up of patients with different index tumors 
at our center in the year 2017. 288 thyroid incidentalomas 
were detected in the said period; the rate of PET‑CT‑detected 
thyroid incidentalomas being 16.58%.

Focality
The type of uptake on the 18F‑FDG PET‑CT scans was “focal” 
in 204 patients (70.83%) diffuse in 56 patients (19.44%) and 
no uptake in 28  patients  (9.72%). The incidence of focal 
incidentalomas was 11.7%.

Age/sex
The mean age in our thyroid incidentaloma cohort was 
51 years. There was a clear female preponderance (199 [69%] 
females to 89 [31%] males). The mean age among females was 
51.6 years, and among males was 49.8 years.

Primary tumors
The most common indications for 18F‑FDG PET‑CT was 
for the evaluation of primaries of the lung  (22.92%), 
the lymphoreticular system  (22.57%), and for breast 
cancers  (13.54%). The most common primary tumors in 
patients with thyroid incidentalomas were seen to be the 
lymphoreticular system (26.04%), lung (22.57%), and breast 
cancers  (13.54%). There was no statistically significant 
correlation between the site of primary tumor and thyroid 
incidentaloma detection (P = 0.62).

Among the 204 patients with focal 18F‑FDG PET‑CT thyroid 
incidentalomas, only 29  patients  (14.22%) had undergone 

further characterization of their thyroid nodules, both with 
an ultrasound and an FNAC. The remaining 175  (85.78%) 
patients did not undergo further investigation of their thyroid 
incidentalomas either due to locally advanced index tumor/
metastatic disease, poor general condition, or due to various 
patient/physician factors.

Size
The overall mean size of the thyroid incidentalomas was 
2.3 cm. The mean size of the benign thyroid nodule among 
them in our series was 2.86 cm; and the mean size of the 
malignant/potentially malignant thyroid nodules was 1.9 cm. 
There was no statistically significant correlation between the 
nodule size and pathology (P = 0.22).

Standardized uptake values
The overall mean SUV for the 18F‑FDG PET‑CT‑detected thyroid 
incidentalomas in our series was 3.83. The mean SUV among 
incidentalomas with diffuse uptake was 3.76, and the mean SUV 
among incidentalomas with focal uptake was 4.52. The mean 
SUV among thyroid incidentalomas (Bethesda III‑IV) was 5.29 
while it was 7.66 among thyroid incidentalomas of Bethesda 
II. Interestingly, the thyroid incidentaloma with highest SUV in 
our series (24.4) was of Bethesda II. There was no statistically 
significant correlation between SUV and cytology (P = 0.262).

Bethesda classification
Only 29 patients (14.22%) of the focal thyroid incidentalomas 
had a formal cytological diagnosis. The flow schema along 
with the Bethesda classification is given in Table 1.

DISCUSSION

A thyroid incidentaloma, by definition, is any clinically 
in‑evident thyroid nodule picked up during imaging done for 
the evaluation of a different disease process. High‑resolution 
neck ultrasound examinations report a prevalence of 
incidentally detected thyroid nodules ranging from 19% to 
46%[4‑6] among the general population; however, the associated 
risk of cancer is very low and ranges from 1.5%–10%.

The PAINs of thyroid are relatively rarer. The thyroid gland 
generally shows low avidity for 18F‑FDG [Figure 1a and b]. It has 
been well documented in literature that diffuse uptake of the 
thyroid gland on 18F‑FDG PET‑CT indicates a benign/inflammatory 
pathological process, usually thyroiditis and does not warrant 
further evaluation  [Figure  2a and b].[7] However, any focal 
uptake of the thyroid gland on a PET‑CT scan is a cause for 
concern[8‑10] [Figure 3a and b].

Most published data suggest that the incidence rates for 
PET‑detected incidentalomas are low (ranging from 1.2%–4.3%); 



Figure 3:  (a and b) Thyroid incidentaloma with focal uptake on positron 
emission tomography–computed tomography
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Figure 2: (a and b) Thyroid incidentaloma with diffuse uptake on positron 
emission tomography–computed tomography
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the populations studied. Further, the review reports thyroid 
cancer to occur in nearly one in every three patients with 
focal FDG‑avid thyroid lesions.[3] The incidence of focal 
thyroid incidentalomas in our series was 11.74%, (204/1737) 
further, the rate of malignancy among the PET detected 
focal thyroid incidentalomas in the cohort of patients with 
a proven diagnosis was 10.34%. It is noteworthy to mention 
that only 29 out of 204 patients (14.21%) with focal thyroid 
incidentalomas in our cohort underwent a biopsy and/or 
ultrasound. This rate of malignancy quoted in literature; 
ranges from 14% to 50%.[7,11,12,15,16] A few reports have in fact 
reported a similar incidence[17] of malignancy and some 
other studies have quoted a much lower incidence (3%) of 
malignancy.[18]

There is a clear lack of consensus on the proportion of 
malignancy in the PAINs of the thyroid. This can be partly 
explained by the variation in the thyroid nodule prevalence’s 
which in turn can interfere with epidemiological data on the 
frequency and malignancy rates of FDG‑avid lesions. A recent 
systematic review and meta‑analysis were performed to 
better understand this wide variation among the various 
published studies. The meta‑analysis included 31 studies with 
a total of 197,296 patients. 3659 focal thyroid incidentalomas 
were identified with 1341 having definitive cytopathology 
or histopathology.[19] The results of the meta‑analysis 
brought out a major limitation of the published studies that 
could possibly explain this lack of consensus. Studies that 
had a >50% of included lesions with a definitive diagnosis 
the pooled proportion of malignancy was calculated to be 

Table 1: Flow schema of our patient cohort

Total no. of
PET CT scans
(2017) = 1737

No. of thyroid incidentalomas
detected = 288

Focal uptake
= 204

Nil uptake
= 28 

Diffuse uptake
= 56

NO further evaluation
(advanced index tumour)

= 175

Further evaluation
(USG/FNAC) = 29

Deaths = 48 Cyto-pathology

Bethesda I = 10 Bethesda II =11 Bethesda III = 3 Bethesda IV = 2 Malignant = 3

Thyroid
primary

= 2

Metastatic
= 1

however, the incidence of malignancy is reported to be 
significantly higher.[7,9‑14] A retrospective review of 32 studies 
reported a median frequency of 2.3% of FDG‑avid lesions in 

Figure  1:  (a and b) Thyroid incidentaloma with no uptake on positron 
emission tomography–computed tomography

ba
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55% (95% CI, 49%–62%, I2 = 63.4%) and was significantly higher 
than those studies with <50% of lesions with a definitive 
diagnosis, which was at 11% (95% CI, 7%–14%, I2 = 84.8%).[19] 
The studies of the PAINs of thyroid reviewed thus had a wide 
variation with regards to the proportion of patients who had a 
definite cyto/histopathological diagnosis (15%–83%), and this 
variation makes it difficult to arrive at the correct proportion 
of malignancy in this patient population.

The above limitation was also observed in our study as 
well, with only 14% of the focal thyroid incidentalomas 
having a definitive cytological diagnosis. In the presence 
of another malignancy, there seems to be reluctance on 
the part of the patient and possibly the caregivers toward 
chasing the PAINs of the thyroid. In fact, the evaluation of 
thyroid incidentalomas in the scenario of advanced index 
malignancy is not recommended, more so in patients with 
poor performance status.[16,20] This is further substantiated 
by the fact that nearly 27% of our patient cohort had died 
within a year of diagnosis of these patients of advanced 
index cancers having the thyroid incidentalomas. Many series 
have reported an even higher mortality rate of up to 50%.[3,21] 
Another limitation of our study was the modest number 
over  1  year and also the fact that the study was a single 
institution study. The result of our study preferably needs to 
be validated in a much larger cohort of patients, preferably 
a multiinstitutional/population based.

Attempts have been made to study the factors (including size 
and SUV) that help predict the risk of thyroid malignancy 
among patients with PET‑detected thyroid incidentalomas. 
None of the factors studied, i.e., age, sex, tumor size, and 
SUVmax in our study were predictors of thyroid malignancy. 
The expression of GLUT1 has been reported to be highly 
variable in thyroid cancers, and this could explain the lack 
of association of SUV and the incidence of malignancy in a 
majority of the reported studies,[21‑25] despite a few studies 
suggesting a definite association.[9,26‑28]

The PET‑detected thyroid incidentalomas are generally 
known to present with a high incidence of unfavorable 
prognostic features and are further believed to carry a 
worse prognosis.[3,12,29] Considering this aggressive biological 
behavior, the vast majority of the clinicians would recommend 
a risk‑adapted approach using further evaluation by an initial 
ultrasound and a subsequent FNAC in an attempt to risk stratify 
the PET‑CT detected focal thyroid incidentalomas.[30,31] In regular 
clinical practice, the decision to evaluate the PET‑CT‑detected 
focal thyroid incidentalomas would additionally depend on 
the stage of the index malignancy as well as the performance 
status and preference of the patients.

CONCLUSION

Our study highlights the challenges in the evaluation and 
management of PAIN in a tertiary care oncology setting. 
Further, our study showed that none of the factors studied 
including nodule size and SUV predicted the risk of 
malignancy. The management of PAIN of the thyroid gland 
must be considered in the context of the prognosis and 
treatment for the known malignancy, apart from other patient 
factors. Finally, clinicians specializing in the management of 
thyroid nodules must understand the clinical significance of 
PET‑CT‑detected thyroid incidentalomas, and we hope that 
our unique experience adds to the limited clinical information 
available in this regard.
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