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Epidemiology

Thyroid cancer is the most common endocrine neoplasm and 
is the 12th most common cancer among all cancer types (1). 
The median 5-year survival rate for thyroid cancer was 98% 
between 2009 and 2015; however, prognosis is poor in more 
aggressive subtypes. For example, anaplastic thyroid cancer 
(ATC) accounts for less than 1% of all thyroid cancers, but 
the median survival is three to seven months and the 1-year 
survival rate is 10–20% (1,2). The incidence of thyroid 
cancer is almost double now than it was in 2000, accounting 
for 2.1% of cancer diagnoses (3,4). Between 1974 and 
2013, the mean age of thyroid cancer diagnosis was 48±16. 
Women are more commonly affected than men, accounting 
for 75% of the diagnoses (5). There is increased incidence 
of thyroid cancer in the geriatric population who also have 

a worse prognosis from thyroid cancer due to increased 
treatment related morbidity and mortality (3). Due to the 
high recurrence rate in thyroid cancer (20%), the ability to 
distinguish recurrence from treatment related changes are 
key to improving survival (6).

Thyroid cancer subtypes

There are four major subtypes of thyroid cancer: papillary 
(PTC), follicular (FTC), anaplastic (ATC), and medullary 
thyroid cancer (MTC) (1). Less common subtypes include: 
Hurthle cell carcinoma (HTC) and poorly differentiated 
thyroid cancer (PDTC). PTC, FTC, and HTC are well 
differentiated subtypes; accounting for approximately 95% 
of thyroid cancers (1). These subtypes generally have a 
better prognosis than PDTC and ATC subtypes. PTC 
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accounts for about 85% of thyroid cancers. Prior radiation 
exposure is the most common risk factor, especially in  
PTC (2). Nodal metastasis is the most common mode of 
spread for PTC while hematogenous spread (lungs, bones, 
etc.) are more prevalent in FTC (2). PDTC is locally 
aggressive, invading adjacent structures (trachea, vasculature, 
etc.) and can also metastasize hematogenously (2). MTC 
develops from the parafollicular neuroendocrine cells in 
the thyroid and often metastasizes to the cervical lymph  
nodes (2). Knowledge of the local behavior of these thyroid 
cancer subtypes and common routes of metastasis are 

integral to the diagnostic work-up and treatment strategies.

Genetics and risk factors

The most common mutations associated with thyroid 
cancers are in the BRAF and RET genes, and PAX8/PPARγ 
genes (7). These mutations alter the MAPK and PI3K-
AKT pathways. Mutation in the BRAF gene occurs in 
40–45% of de novo PTC while patients with prior radiation 
exposure most commonly have RET mutation (7). The 
most common mutation in FTC (40–50%) and PDTC 
(20–40%) is in the RAS gene (7). A mutation in the TP53 
gene occurs in 50–80% of ATC (7), and is generally not 
seen in well-differentiated carcinomas, such as PTC and 
FTC. MTC is unique because the occurrence of the RAS 
mutation is greater than 95% in the familial forms, but 
this mutation is only present in about 25% of sporadic 
forms (7). Identification of genetic mutations is essential 
to diagnosing and staging thyroid cancer in the era of 
precision medicine with emergence of targeted therapies. 
ThyroSeqv2™ is a next generation sequencing panel that 
is be used to diagnose neoplasms that were classified as 
indeterminate cytology (8). Chudova et al. have utilized 
algorithms to differentiate between benign and malignant 
tumor using gene expression profiles (9). Wylie et al. 
utilized miRNA gene expression profiles and somatic gene 
alterations to develop molecular classifications of thyroid 
cancer (10). Sanler et al. analyzed the connection between 
germline mutations in DNA repair genes and risk of 
thyroid cancer (11). Next generation sequencing (NGS) 

technologies have allowed for more rapid, detailed, and 
accurate identification of molecular abnormalities in thyroid 
cancers; making them a routine part of practice at academic 
institutions. As precision medicine grows, diagnostic and 
treatment strategies revolving around genetic mutations will 
probably become standard practice in both academic and 
conventional practices. 

Thyroid cancer diagnosis: precision imaging

Ultrasound

Ultrasound is the initial modality of choice to evaluate 
thyroid nodules and distinguish benign from neoplastic 
nodules. Ultrasound is cost-effective, readily available, and 
does not expose patients to radiation. Thyroid nodules with 
suspicious features are often biopsied using ultrasound-
guided fine needle aspiration (FNA). Ultrasound is not 
only useful in detecting primary neoplasm, but it can 
evaluate locoregional lymph nodes for nodal metastasis. 
Ultrasound guidance is also frequently used for operative 
planning to ensure suspicious nodule(s) and lymph nodes 
have been resected (12). In diagnostic ultrasounds (Figure 1), 
thyroid nodules are characterized based on: size, margins, 
eccentric location of solid portion, hypoechogenicity, 
microcalcification, irregular shape, and if the tumor is taller 
than it is wide (1). 

Features extracted from this criterion help distinguish 
benign from malignant thyroid nodules. For example, 
irregular margins and microcalcifications (Figure 2) 
are associated with malignant nodules while small 
subcentimeter spongiform avascular nodules are considered 
benign (12). The Bethesda System for Reporting Thyroid 
Cytopathology (BRSTC) is a diagnostic classification system 
based on FNA cytology. This system has six diagnostic 
categories: non-diagnostic or unsatisfactory, benign, 
atypia of undetermined significance or follicular lesion of 
undetermined significance, follicular neoplasm or suspicious 
for a follicular neoplasm, suspicious for malignancy, and 
malignant (13). Approximately 20% of FNA are classified 
as atypia of undetermined significance or follicular lesion of 
undetermined significance (14). 

The American College of Radiologists (ACR) uses 
a thyroid cancer diagnostic management system called 
the Thyroid Imaging Reporting and Data System (TI-
RADS). TI-RADS is increasingly used by radiologists 
and other healthcare practitioners to plan management of 
thyroid tumors, which may include FNA cytology, surgery, 

Figure 1 A 60-year-old female’s transverse and longitudinal 
ultrasound presents multiple micropapillary carcinomas with 
microcalcification and increased vascularity.
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and administration of radiotherapy. TI-RADS criteria is 
based on composition, echogenicity, shape/morphology 
margins (15). Each criterion is scored based on risk levels 
range from benign to highly suspicious designated by TR1 
and TR5, respectively (15). The criteria, scoring system, 
classification and recommendations based on classifications 
that are shown in Tables 1,2 (16,17). These risk levels 
help to determine management of thyroid tumors. Wu 
et al. compared the efficacy of the BSRTC system to the 
TI-RADS classification and BRAF mutation diagnosis. 
Previously, the BRAF mutation was found to have a low 
sensitivity, but almost 100% specificity (14). The BRAF 
mutation showed similar clinical value to TI-RADS in the 
nodules classified as BSRTC III/V. As BRAF mutation 
is found in 40–45% of PTC (7), and PTC is the most 
common subtype; TI-RAD derived diagnosis of thyroid 
nodules can provide a non-invasive radiogenomic approach 
that can potentially predict underlying common genomic 
alterations in these thyroid neoplasms. 

Although FNA cytology can detect half of MTC’s, 
additional imaging tests are necessary to accurately diagnose 
MTC. A study was done to assess the usefulness of the 
ACR TI-RADS versus a modified TI-RADS to diagnose 
MTC (15). The TI-RADS criteria were analyzed based on 
sensitivity, specificity, negative predictive value, accuracy, 
and Youden index. Zhu et al. concluded that the modified 
TI-RADS was a better framework for diagnosing MTC’s 
than the ACR TI-RADS (15).

There are additional ultrasound-based classification 
systems from the British Thyroid Association (BTA), 

American Thyroid Association (ATA), and American 
Association of Clinical Endocrinologists (AACE) (18). 
These classifications are used based on locoregional 
practice guidelines that are impacted by geographic location 
of practice and training in the respective experts of the 
thyroid cancer disease terms. For example, in the United 
States, radiologists mostly adhere to practice guidelines 
put forth by the American College of Radiology (ACR) 
and American Board of Radiology (ABR); thus resulting in 
rapid adaptation of TI-RADS in clinical practice. It should 
be noted, however, that ultrasounds have limitations and 
are not always predictive for malignancy. Ram et al. showed 
that sensitivity and specificity of ultrasound in predicting 
malignancy were 80% and 68%, respectively (19). However, 
Brito et al. in their meta-analysis showed there are multiple 
studies that have quoted variable levels of diagnostic 
accuracy of ultrasound and the degree of accuracy does 
depend on the experience of the physician interpreting 
the ultrasound (20). As such, in patients with high index 
of suspicion for primary or recurrent thyroid cancer, other 
imaging modalities [single-photon emission computed 
tomography (SPECT) , computed tomography (CT), 
magnetic resonance imaging (MRI), etc.] should be used to 
rule out disease.

SPECT
123Iodine SPECT scans is an important diagnostic tool 
used in clinical practice for work-up of indeterminate or 
suspicious thyroid nodules as well as staging of thyroid 
cancer for over six decades (21). Sodium-iodide symporters 
(NIS) located on the basolateral plasma membrane of 
thyrocytes leads to increased affinity for iodine and this 
physiologic mechanism is leveraged in radioiodine imaging 
and therapy (21). Whole-body scintigraphy (WBS) is 
commonly performed with 123Iodine to evaluate whether 
a suspicious or indeterminate thyroid nodule is “hot” 
(increased iodine uptake) or “cold” (diminished thyroid 
uptake) (22). Radioiodine scans are particularly useful in 
differentiated subtypes of thyroid cancer due to preserved 
NIS allowing for preferential increased accumulation of 
radioactive iodine in the neoplasm compared to normal 
thyroid tissue (Figure 3). As thyroid neoplasms de-
differentiate, they lose the NIS rendering abilities these 
lesions occult on radioiodine SPECT; an important false-
negative to be aware of. In patients post thyroidectomy 
and/or lymph node dissection, radioiodine scan can help 
identify residual thyroid tissue and/or identify additional 

Figure 2 A 82-year-old female diagnosed with metastatic 
medullary and classical papillary thyroid carcinoma. Transverse 
(left) and longitudinal (right) ultrasound displays thyroid lesion 
with microcalcifications indicated by white arrows.
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sites of metastasis (21). 131Iodine (131I) emits both beta and 
gamma particles, making it the perfect theranostics agent. 
131I is commonly administered post-thyroidectomy with or 
without nodal dissection for treatment of residual thyroid 

tissue and for treatment of local/distal metastasis (21). 
Additionally, due to 131I gamma activity, SPECT can be 
performed to evaluate response to 131Iodine radioablation. 
Post-ablation SPECT is usually performed within five-
to-nine days due to improved signal-to-noise ration 
that increases overall sensitivity for detection of distant 
metastases (21). 

CT

With continual increase in use of CT, unsuspected thyroid 
nodules are often detected on CT (23). For example, 
incidental thyroid nodule detection rate on CT chest ranges 
from 2–65% (23). Although majority of these incidental 
thyroid nodules are benign, 5% of these nodules are 
malignant (23). Due to continued increase in utilization of 
CT with increased detection of thyroid nodules, coupled 
with a decade long trend of increased incidence of thyroid 
neoplasm, the ACR put forth recommendations for 
management of incidental thyroid nodules as referred in 
Figure 4 (24). Thyroid nodules with suspicious features 
on CT are followed-up with ultrasound and may require 
ultrasound-guided FNA biopsies to determine whether 
the thyroid lesion is benign or malignant (23). Although 
CT is not the initial modality of choice for evaluation 
of primary thyroid cancer, it is useful for staging thyroid 
cancer in detection of metastasis. In cases where primary 
thyroid lesion has substernal extension or there is concern 
for airway compromise, CT is the preferred diagnostic 
modality (Figure 5). 

Positron emission tomography/computed tomography 
(PET/CT)

Due to simultaneous acquisition of structural and functional 
information, PET/CT is widely used for the staging/

Table 1 Presents the five categories (TR1-TR5), the scoring for each category, the classification, and recommendations for each category defined 
by the Thyroid Imaging, Reporting, and Data Sysem (TIRADS) developed by the American College of Radiologists (ACR). Table was adapted 
from information from Tessler et al. and Grant et al. (16,17)

Category TR1 TR2 TR3 TR4 TR5

Scoring 0 2 3 4–6 ≥7

Classification Benign Not suspicious Mildly suspicious Moderately suspicious Highly suspicious

Recommendations No FNA required No FNA required ≥1.5 cm follow up,  
≥2.5 cm FNA;  
follow up: 1, 3, 5 years

≥1.0 cm follow up,  
≥1.5 cm FNA;  
follow up: 1, 3, 5 years

≥0.5 cm follow up,  
≥1.0 cm FNA; annual follow 
up for up to 5 years

Table 2 Presents the criteria (composition, echogenicity, shape, 
margin, and echogenic foci), the possible characteristics of each 
criteria (e.g., cystic or almost completely cystic in the composition 
criteria), and the scores for each characteristic defined by the 
Thyroid Imaging, Reporting, and Data System (TIRADS) developed 
by the American College of Radiologists (ACR). Table was adapted 
from information from Tessler et al. and Grant et al. (16,17)

Feature Score Description

Composition 0 Cystic or almost completely cystic

0 Spongiform

1 Mixed cystic and sold

2 Solid or almost completely solid

Echogenicity 0 Anechoic

1 Hyperechoic or isoechoic

2 Hypoechoic

3 Very hypoechoic

Shape 0 Wider-than-tall

3 Taller-than-wide

Margin 0 Smooth

0 Ill-defined

2 Lobulated or irregular

3 Extra-thyroidal extension

Echogenic foci 0 None or large comet-tail artifacts

1 Macrocalcifications

2 Peripheral (rim) calcifications

3 Punctate echogenic foci
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Non-suspicious vs. suspicious incidental thyroid 
nodule (s) identified on computed tomography

(-) Non-suspicious 
Nodules

Patient's health presents 
concurrent medical 

conditions and/or life 
expectancies

Patient's health presents 
similarly to that of the 

general population

(+) Suspicious 
Nodules

Age is less than 35 yearsAge is greater than or equal 
to 35 years

Nodule measures 
less than 1.5 cm

Nodule measures 
greater than or 
equal to 1.5 cm

Investigate with ultrasound

No additional imaging 
assessment warranted

Nodule measures 
greater than or 
equal to 1 cm

Nodule measures 
less than 1 cm

Figure 4 Clinical work-up for incidental thyroids identified on computed tomography (24).

restaging of malignancies (25). As previously mentioned, 
differentiated thyroid neoplasms have preserved NIS and 
are adequately assessed on SPECT. De-differentiated 
or poorly differentiated thyroid neoplasms are occult 
on radioiodine SPECT due to loss of NIS. However, 
due to increased metabolic activity in these aggressive 
neoplasms (Figures 6,7), 18Fluorodeoxyglucose (FDG) 
PET/CT can be used to reliably stage these patients (21). 
In patients with high levels of thyroglobulin and a negative 
iodine scan, PET/CT can assess extent of metastatic 
disease, assist in radiotherapy planning, and can assess 
patient response to treatment (25). The quantitative 
measurement of FDG-PET/CT have been shown to have 
predictive and prognostic value (25,26). As such, FDG 
PET/CT is the preferred modality for restaging patients 

Figure 3 A 39-year-old male patient diagnosed with metastatic 
papillary thyroid carcinoma. Patient presents 131-Iodine uptake in 
I-SPECT scan, indicating follicular adenoma.
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with dedifferentiate thyroid neoplasms for whole body 
assessment. A key limitation of FDG PET/CT is increased 
rates of false positives in a setting of co-existing infection 
and/or inflammation. For example, it is often difficult to 
discriminate between radiation-related inflammation from 

residual neoplasm in ATC. Equivocal cases on PET/CT 
may require further evaluation of other modalities (MRI, 
PET/MRI) and/or biopsy to improve diagnostic specificity. 
Another important limitation of whole-body PET/CT is 
larger slice thickness, which limits assessment of pulmonary 
micrometastasis. In such instances, dedicated high-resolution 
CT of the chest is the best diagnostic modality. Furthermore, 
due to limited soft tissue resolution of PET and CT, if there 
is concern for CNS and/or spinal metastasis, MRI or PET/
MRI are the preferred diagnostic modalities. 

MRI

Due to cost and limited availability compared to other 
modalities, MRI is used most frequently in a second line 

Figure 5 Coronal (left) and sagittal (right) CT of a 39-year-
old male patient diagnosed with metastatic papillary thyroid 
carcinoma. Patient presents a heterogeneously enhancing thyroid 
nodule that is eroding through the thyroid capsule (white arrows). 

Figure 6 A 66-year-old female diagnosed with poorly differentiated 
thyroid carcinoma. FDG PET/CT demonstrates  increased FDG 
uptake in the thyroid nodule (white arrow) Additionally, there 
is FDG avid metastasis to ipsilateral cervical chain lymph node 
(blue arrow). PET/CT, positron emission tomography/computed 
tomography; FDG, fluorodeoxyglucose.

Figure 7 A 74-year-old female diagnosed with anaplastic thyroid 
carcinoma. PET/CT scan shows increased FDG uptake within an 
enlarged thyroid with irregular margins (white arrow) encasing 
the trachea. PET/CT, positron emission tomography/computed 
tomography; FDG, fluorodeoxyglucose.
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setting for characterization of tumor in suspicious regions. 
Ultrasound is the modality of choice for initial diagnosis 
and follow-up assessment in thyroid cancer. In cases where 
recurrence/relapse is suspected, MRI is utilized due to its 
superior soft tissue resolution relative to ultrasound, CT, 
PET/CT, and SPECT (Figure 8). In high risk patients (e.g., 
incidence of familiar neoplasm, aggressive initial cancer 
with positive margins, etc.), MRI is the modality of choice 
to survey for recurrence. Improved contrast and soft tissue 
resolution on newer MRI techniques provides more precise 
evaluation of tumor extent and infiltration of surrounding 
tissues (vessels, nerves, bones, etc.). MRI techniques 
such as diffusion weighted imaging (DWI), coupled with 
changes in other sequences (T1- and T2-weighted) can 
help discriminate between benign and malignant thyroid 
lesions (27,28). Perfusion MRI, which evaluates degree to 
tumor vascularity and tumoral blood flow relative to the 
normal tissue, has also shown to be a helpful technique in 
discriminating benign and malignant lesions (29). Certain 
implantable cardiac devices and other metallic implants had 
been a limitation of MRI; however, due to clinical need for 
MRI in accurate diagnosis, this has led manufacturers to 
develop MRI compatible devices. Additionally, there are 
newer MRI protocols developed by the American College 
of Radiology and other organizations allowing for safe 
imaging of patients with implantable devices. One key 
challenge, which is an active area of research in MRI (30), 
is overcoming image quality degradation from susceptibility 
artifact that generates from metals and air. These artifacts 
are commonly present in the surgical site, limiting 
evaluation of local disease. Newer surgical techniques and 

newer MRI sequences are being developed to overcome 
these limitations (30).

Positron emission tomography/magnetic resonance 
imaging (PET/MRI)

PET/MRI is a hybrid modality providing simultaneous 
acquisition of PET and MRI data. This modality combines 
the individual strengths of PET and MRI as previously 
discussed which allow it to overcome the limitation of PET/
CT. For example, Binse et al. showed that PET is more 
accurate in the diagnosis of the spatial extent of disease, 
provides better morphologic characterization, especially in 
the operative bed, and shows improved detection of disease 
in the brain, bones, and spinal canal. Additionally, the 
PET detectors in PET/MRI are more sensitive and thus 
about to detect more lesions than conventional PET/CT 
detectors (31). Furthermore, in the postoperative and post-
ablative setting, MRI is better than CT at assessing residual 
and/or recurrent in the treatment region than CT. As the 
MRI component in PET/MRI does not require radiation, 
there is overall decreased exposure to ionizing radiation 
from PET/MRI than PET/CT (31). Recently, in a study 
conducted by Jentzen et al., the quantitative performance of 
124I PET/MRI and 124I PET/CT were compared. The study 
showed comparable quantitative PET performance between 
the two aforementioned modalities, further suggesting that 
PET/MRI can be reliably used for evaluation of thyroid 
cancer in initial staging and follow-up settings (32). 

Theranostics

Theranostics incorporates diagnostic methods and 
therapeutics to develop precision medicine techniques to 
give patients personalized treatments (33). Radiotheranostics 
is the subset of theranostics that incorporates a radioactive 
component which can be used for diagnostic imaging and 
therapy (33). As previously mentioned, one of the first 
radiotheranostic agent used was radioiodine (131I) for 
treatment of thyroid cancer. Presence of NIS in differentiated 
thyroid neoplasms allows the tumors to be both ablated and 
visualized on 131I WBS of thyroid cancer. Radioconjugated 
metaiodobenzylguanidine (MIBG) is another commonly 
used radiotheranostic agent for diagnosis and treatment of a 
variety of neuroendocrine tumors, including MTC, by using 
123I and 131I, respectively (33). 68Gallium (68Ga) based SPECT 
and PET radiotracers have also been used to diagnose and 
assess treatment response in thyroid cancer (34). Prostate 

Figure 8 Sagittal (left) and axial (right) T1-post contrast MRI of 
a 37-year-old female diagnosed with papillary thyroid carcinoma. 
T1-post-contrast MRI demonstrates heterogeneously enhancing 
nodule in the anterior aspect of left thyroid lobe (arrows) with well-
circumscribed borders without evidence of ipsilateral adenoapthy 
or tracheal invasion. MRI, magnetic resonance imaging.
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specific membrane antigen (PSMA) is not only expressed 
in prostate cancers, but is also expressed in the endothelial 
cells of the neovasculature in non-prostate tumors. PSMA 
antibodies radioconjugated with 18F and 68Ga and have 
shown uptake in both FTC and adenomas (35). MTC have 
increased (92%) expression of PSMA in the neovasculature, 
but are not expressed on surface of thyroid tumor cells. 
This suggests PSMA-based probes may be a novel 
theranostic agent useful in treating hypervascular thyroid 
neoplasms (33). 18F-tetra-fluoroborate (18F-TFB) is a PET 
radiotracer that is transported intracellularly via NIS and 
can be used to image well-differentiated thyroid neoplasms 
that have preserved NIS (35). The benefit of using 18F-TFB 
over 123I is improved signal to noise ratio which translates 
into improved image quality. Additional benefit of 18F-TFB 
over 123I is lower radiation dose. Future studies are required 
comparing superior diagnostic capabilities of 18F-TFB  
over 123I.

Response Evaluation Criteria in Solid Tumors 
(RECIST)

There are a variety of diagnostic criteria that are being 
used to analyze image data to predict treatment response. 
RECIST 1.1, created in 2000 (RECIST 1.0) and then 
revised in 2009 (RECIST 1.1), is the most commonly 
used treatment response evaluation criteria that uses 
morphologic criterion requiring a well-defined measurable 
lesion (36). Evaluation entails one-dimensional and two-
dimensional measurements of maximal transverse diameters 
of target lesions. The interval change in lesion size 
over time is used to determine treatment response (36). 
Determining the minimum size of the tumor depends on 
the assessment method for the selection of both target and 
non-target lesions. For example, lesions for CT or MRI 
scans require a minimum of one centimeter in diameter (36).  
The  ca tegor ies  used  to  descr ibe  the  respons ive 
morphologies of the solid tumor during treatment for this 
criterion are as follows: complete response (CR), partial 
response (PR), progressive disease (PD) [can also be 
described as disease progression (DP)], and stable disease 
(SD) (36). CR is described as total tumor disappearance, PR 
is described as a greater than thirty percent reduction in the 
tumor’s diameter, PD is assessed as a greater than twenty 
percent increase in the size of the tumor’s diameter, and SD 
is described as having less than a thirty percent reduction in 
diameter and/or less than a twenty percent increase in the 
diameter (36). 

Immune-related Response Evaluation Criteria in 
Solid Tumors (ir-RECIST) 

The ir-RECIST is analogous to RECIST 1.1 and evaluates 
treatment response using tumor size. The key difference 
between RECIST 1.1 and ir-RECIST is that “ir” allows 
for inclusion of pseudoprogression (PPD) which is related 
to immunologic change in the tumor from treatment 
(e.g., radiation, immunotherapy). Response in ir-RECIST 
is evaluated as: “ir-CR” is immune-related complete 
response, “ir-PR” is immune-related Partial Response, 
“ir-PD” is immune-related Progressive Disease, and “ir-
SD” is immune-related Stable Disease (37). ir-RECIST 
was developed because, unlike conventional cytotoxic 
chemotherapeutics, emerging immunotherapeutics were 
resulting in increased incidence of PPD, which refers 
to transient increase size of primary tumor bed due to 
recruitment of inflammatory cells. PD on RECIST 1.1 
is usually a terminal criteria for patients on a clinical  
trial (36). Since RECIST 1.1 does not have a specific 
criterion for PPD, ir-RECIST was developed to account 
for PPD, which allowed for patients to continue the clinical 
trial until definitive PD was established on subsequent 
evaluations (36,38).

Positron emission tomography evaluation 
response criteria in solid tumors (PERCIST) 

PERCIST is a criterion based on FDG-PET/CT and 
uses interval changes in metabolic activity as a signature of 
treatment response (39,40). Various solid-tumor diseases 
utilize 18F-FDG PET/CT. PERCIST evaluation is most 
commonly utilized in small-cell lung cancer, esophageal 
cancer, colorectal cancer, breast cancer, head and neck, 
and uterus (40-42). Investigators may use PERCIST over 
RECIST and ir-RECIST in scenarios where there is no 
“measurable” disease based on size criteria (e.g., infiltrative 
non-mass-like breast or head/neck cancer) or in scenarios 
where change is size lags behind change in metabolic 
activity (e.g., small cell lung cancer).

 Basa l  requirements  for  this  cr i ter ion include 
measurements of the single "hottest" tumor, indicating 
intense FDG uptake and establishing the most metabolically 
aggressive site of the tumor, and background area, usually 
a three-centimeter diameter spherical volume placed 
on the right side the liver (40). Measuring these aspects 
establishes a baseline that allows for comparable readings 
of FDG uptake at different time points (40). Subsequent 
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readings from the initial scan are then compared to the 
established baseline, thus indicating either an increase or 
decrease in intensity of FDG uptake (40). Categories for 
this criterion are described as the following: Complete 
Metabolic Response (CMR), Partial Metabolic Response 
(PMR), Progressive Metabolic Disease (PMD), and Stable 
Metabolic Disease (SMD) (40). 

As previously addressed, RECIST 1.1 is a response 
evaluation criterion that is dependent on morphological 
changes, while PERCIST allows for the interpretation of 
the metabolic activity response in the targeted solid tumor 
(Figure 9).

During the emergence of targeted therapies in the era of 
precision medicine, some investigators favor PERCIST over 
RECIST 1.1 (39,41). The primary reason is that targeted 
therapies often cause incidents of necrosis and cystic change 
rather than tumor regression alone. As tumor regression is 
a key factor in determining a patient’s response to treatment 

in RECIST 1.1 it is not well suited in determining efficacy 
of targeted therapies in solid tumors (39,41). It is important 
to note that there are no randomized controlled studies that 
have shown superiority of RECIST 1.1 over PERCIST, 
and vice versa. Aras et al. compared RECIST 1.1 and 
PERCIST that show aspects of response agreement between 
the criterions that validate the importance of response  
analyses (43). Although the agreement of tumor responses 
between RECIST 1.1 and PERCIST were satisfactory, 
adopting PERCIST over RECIST 1.1 caused a significant 
shift in the overall response rates to target therapies from 
30–35% to 50–55% (39,41). 80% of patients classified 
as “SD” using RECIST 1.1 were upgraded to CMR or 
PMR when adopting PERCIST (39). Given significant 
implications of response assessment on pivotal clinical trial, 
large randomized studies are required to establish superiority 
of one criteria over the other to improve homogeneity of 
response assessment across disease types. 

Figure 9 A 79-year-old female diagnosed with metastatic Hurthle cell carcinoma presents radioactive iodine (RAI)-resistance. Initial FDG 
PET/CT shows increased metabolic activity in the recurrent metastasic right level II/III cervical chain lymph nodes  (white arrows) in 2016. 
Six months after RAI therapy, follow-up FDG PET/CT in 2017 shows increased size and metabolic activity in the right level II/III cervical 
chain lymph nodes, indicating RAI-resistance. PET/CT, positron emission tomography/computed tomography; FDG, fluorodeoxyglucose; 
RAI, radioactive iodine.
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Conclusions

As prevalence and incidence of thyroid cancer increases, 
accurate timely evaluation of thyroid nodules is needed to 
improve survival. Imaging is integral to patient diagnosis 
and follow-up in thyroid cancer, with ultrasound being the 
primary modality of choice for evaluation of thyroid lesions. 
Indeterminate and suspicious lesions are either followed up 
with SPECT or FNA depending on ultrasound findings and 
managed accordingly. CT has limited role in characterizing 
intra-thyroidal lesions and is more commonly used to 
evaluate metastatic disease. MRI has superior soft tissue 
contrast and resolution can discriminate between benign 
and malignant nodules. However, due to cost and access, 
it is most commonly utilized in the post-operative setting 
in high risk patients to evaluation for residual and/or 
recurrent disease. For decades, radioiodine has been used 
as a diagnostic and therapeutic (theranostics) tool because 
of preserved NIS in well-differentiated thyroid neoplasms. 
PET/CT and PET/MRI are best suited for evaluation of 
de-differentiated to poorly differentiated thyroid neoplasms, 
with emerging studies suggesting PET/MRI possibly being 
superior to PET/CT for staging of thyroid cancer in initial 
or follow-up settings. In the era of precision medicine with 
increasing available FDA approved targeted treatments, 
significant research is being done for development of novel 
radiotracers to improve diagnostics specificity of initial 
tumor as well as improve accuracy of treatment response 
assessment. 
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