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Abstract

Thyroid cancer is an increasingly prevalent malignancy throughout the world. 

Management guidelines for both thyroid nodules and thyroid cancer have been 

published and updated by a number of societies internationally. All of these guidelines 

recognize this increasing incidence, particularly of small papillary thyroid cancers, due in 

part to improved technology enabling early or even ‘over’ diagnosis. Recent advances in 

molecular imaging and molecular methods have been developed to better characterize 

thyroid nodules, and a number of studies that have clarified risk stratification systems 

that can be modified over time allow for individualization of diagnosis, initial 

treatment, and subsequent follow-up strategies. Advances in surgical approaches and 

new treatments for patients with the most aggressive forms of thyroid cancer have 

all influenced management guidelines. Despite substantial similarities, there also are 

important differences between recent guidelines for some of the common clinical 

scenarios encountered by physicians in clinical practice. In the present manuscript, we 

will highlight similarities and differences between several of the most recently published 

guidelines focused on key areas of importance to clinical care and controversy. These 

are key areas for future research to strengthen the data to support future guideline 

recommendations.

Introduction

Thyroid cancer is one of the most prevalent solid tumor 
types throughout the world with a rising incidence, 
particularly in women (Davies & Welch 2014). The 
range of prognosis for patients with thyroid cancer is 
highly variable with many small thyroid cancers having 
very little chance of causing tumor-specific morbidity 
or mortality to anaplastic thyroid cancer, which is one 
of the most lethal solid tumor types. To help clinicians 
practice the most informed and data-driven medical care, 
a number of societies have established clinical guidelines 
for thyroid nodules and thyroid cancer. These guidelines 

are composed of evidence-based recommendations for 
particular clinical scenarios after scholarly review and 
discussion of the data by panels of clinical and research 
experts from nearly all specialties involved in the care of 
patients with thyroid cancer. Most guidelines are updated 
periodically to reflect additional data that influence 
clinical management over time. However, because these 
data are continually evolving, any guidelines documented 
will be slightly outdated at the time of publication. Finally, 
guidelines in general are meant to reflect the management 
for the majority of patients with the most common 
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responses (i.e. what has been studied in a particular study 
population). It should be recognized therefore that these 
are not ‘rules’ to be followed but rather recommendations 
and reviews of the literature to help guide clinical care 
of patients. Application of a guideline recommendation 
to an individual patient requires understanding not only 
of the guideline recommendation but also the data that 
support it and how closely a particular patient matches 
the study population. The details that support a particular 
recommendation (positive or negative) are features of 
some, but not all, published guidelines.

In this review, we will discuss several aspects of thyroid 
nodule and thyroid cancer management that have undergone 
major changes in recent years and present how different 
recent guidelines address these topics. These guidelines are 
those of the American Thyroid Association (ATA) published 
in 2016 (Haugen et al. 2016), the National Comprehensive 
Cancer Network (NCCN) guidelines most recently updated in 
2016 (Haddad et al. 2016) and the British Thyroid Association 
(BTA) guidelines published in 2014 (Perros et al. 2014). We 
also included, when appropriate, guidelines endorsed by the 
American Association of Clinical Endocrinologists (AACE), 
American College of Endocrinology and Associazione 
Medici Endocrinologi focused only on thyroid nodules 
and the initial surgical management of thyroid nodules 
and cancer (Gharib  et  al. 2016). Although there are other 
guidelines available, we tried to limit that to those updated 
most recently to the completion of this manuscript to keep 
with more current understanding of the field.

Thyroid nodule: to perform FNA or not to 
perform FNA?

The incidence of thyroid cancer is rising worldwide; 
however, mortality attributed to thyroid cancer has been 
stable or dropping (Davies & Welch 2014) and the greatest 
increase in incidence is in patients with small (T1) papillary 
cancers (Hughes et al. 2011). The sharp increase in incidence 
over the past three decades has been associated with 
the development of widely available sensitive detection 
methods such as thyroid ultrasound and the increased 
availability of ultrasound-guided fine-needle aspiration 
(FNA) (Ezzat et al. 1994, Youserm et al. 1997, Steele et al. 
2005, Ahmed et al. 2012, Hall et al. 2014, Altekruse et al. 
2015) raising concern for clinical overdiagnosis. Consistent 
with this concept are data associating the highest thyroid 
cancer incidence with the density of endocrinologists in 
a particular region (Udelsman & Zhang 2014). Interesting 
epidemiological studies also have supported a positive 
association between thyroid cancer and obesity, similar 

to several other solid organ cancers (Han  et  al. 2013). 
Although overall evidence suggests that the vast majority 
of the rising incidence is due to the detection of subclinical 
thyroid cancers, there has also been a smaller concomitant 
increase in the number of larger tumors diagnosed as well 
as a progressive rise in the number of thyroid cancer-related 
deaths reported annually (Ito et al. 2013). These data suggest 
that there may be a smaller but persistent change in thyroid 
cancer over time, a possibility raised by data demonstrating 
changes in the frequency of mutations in thyroid cancers 
diagnosed in the last several decades (Jung et al. 2014).

Nonetheless, it is not clear that diagnosis at a very 
early stage improves the overall outstanding prognosis of 
patients with thyroid cancer, and there is evidence that 
monitoring documented small papillary cancers without 
surgery can be performed safely for prolonged periods of 
time (Ito et al. 2010). There also are defined risks of surgical 
intervention that can influence quality of life such as 
recurrent laryngeal nerve injuries, hypoparathyroidism 
and hypothyroidism as well as the potential financial and 
psychological impacts of a cancer diagnosis (Ramsey et al. 
2013). For these reasons, it is critical that the physician 
determines first if a nodule even requires further 
evaluation by FNA or if it can be monitored without 
intervention, striking the balance between avoiding 
unnecessary intervention on small benign nodules and 
clinically insignificant thyroid cancer while not missing 
more aggressive cancers that can occasionally occur.

The four guidelines (ATA (Haugen  et  al. 2016),  
NCCN (Haddad  et  al. 2016), BTA (Perros  et  al. 2014) 

Table 1 Suspicious sonographic characteristics of thyroid 

nodules that are used in forming patterns of risk stratification.

ATA 
(2016)

BTA 
(2014)

NCCN 
(2016)b

AACE/
AME-AME 

(2016)

Micro-calcifications Yes Yes Yes Yes
Taller than wide Yes Yes Yes Yes
Irregular borders Yes Yes Yes Yes
Extrathyroidal extension Yes Yes Yes Yes
Vascularity No Yes ND Yesa

Hypoechoic Yes Yes Yes Yes
Disrupted rim calcifications Yes Yes ND Yes
Absence of halo No Yes ND Yes

aAlthough intranodular vascularity was used to assess risk of thyroid 
cancer in thyroid nodules, it was not part of the features that make a 
nodule high-risk thyroid lesion (Table 2). bAdapted with permission from 
Haddad RI, et al., NCCN Clinical Practice Guidelines in Oncology (NCCN 
Guidelines) for Thyroid Carcinoma Version 1.2016. Copyright 2016 
National Comprehensive Cancer Network, Inc. Available at NCCN.org. 
Accessed: November 4, 2016.
ND, not discussed.
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Table 2 FNA recommendations based on guidelines according to different cutoff sizes.

Size ATA (2016)a BTA (2014)b NCCN (2016)c ACE/ACE-AMA (2016)d

0.5–1 cm Personalized approach in 
the absence of 
extrathyroidal extension, 
metastatic cervical nodes 
or distant metastases

Personalized approach Not recommended Personalized approach
Recommend FNA for:

 • Sub-capsular or 
paratracheal lesions

 • Suspicious nodes or 
extrathyroidal spread

 • Positive personal 
or family history 
of thyroid cancer, 
history of head and 
neck radiation and 
coexistent suspicious 
clinical findings

1 cm 1. High suspicion pattern
2. Intermediate suspicious 

patterna

1. Nodule with features 
that are intermediate, 
equivocal, suspicious or 
malignantb

2. If extrathyroidal 
extension or metastatic 
cervical nodes, cutoff 
may differ

1. Solid nodule with 
suspicious sonographic 
features

2. Cystic/solid nodule with 
suspicious features if 
solid component is >1 cm

High-risk thyroid lesion

1.5 cm Low suspicion pattern Further cutoff beyond 1 cm 
not mentioned

1. Solid nodule without 
suspicious features

2. Cystic/solid nodule 
without suspicious 
features if solid 
component is >1.5 cm

 

2 cm Very low suspicion pattern Further cutoff beyond 1 cm 
not mentioned

Spongiform nodules 1. Intermediate-risk 
thyroid lesion

2. Low-risk thyroid 
lesions (>2 cm and 
increasing in size 
or associated with 
high-risk category and 
before thyroid surgery 
or minimally invasive 
ablation therapy)

No biopsy Benign appearance Benign appearance Simple cyst Excluding the above, 
biopsy is not 
recommended

aATA classifications of suspicious features: High suspicion – Solid hypoechoic nodule or solid hypoechoic component of a partially cystic nodule with one or 
more of the following features: irregular margins (infiltrative, micro lobulated), micro calcifications, taller than wide shape, rim calcifications with small 
extrusive soft tissue component, evidence of ETE. Intermediate suspicion – Hypoechoic solid nodule with smooth margins without microcalcifications, ETE, or 
taller than wide shape. Low suspicion – Isoechoic or hyperechoic solid nodule or partially cystic nodule with eccentric solid areas, without microcalcifications, 
irregular margin or ETE or taller than wide shape. Very low suspicion – Spongiform or partially cystic nodules without any of the sonographic features 
described in low, intermediate or high suspicion patterns. Benign – Purely cystic nodules (no solid component). bBTA classifications of suspicious features: 
Benign appearance – a-halo, isoechoic/mildly hyperechoic, b-cystic changes ± ring down sign (colloid), c-micro-cystic/spongiform, d- and e-peripheral eggshell 
calcification, f-peripheral vascularity. Intermediate/equivocal – a-homogenous, hyperechoic (markedly), solid, halo (follicular lesion), b-hypoechoic, equivocal 
echogenic foci, cystic changes, c-mixed central vascularity. Suspicious – a-solid hypoechoic relative to thyroid, b-solid very hypoechoic relative to strap muscle, 
c-disrupted peripheral calcifications, hypoechoic, d-lobulated nodule. Malignant – a-solid, hypoechoic, lobulated irregular outline, microcalcifications, b-solid, 
hypoechoic, lobulated irregular outline, globular calcifications (? medullary cancer), c-intranodular vascularity, d-shape taller than wide, e-characteristic 
associated lymphadenopathy. cNCCN guidelines classifications of suspicious features: Adapted with permission from Haddad RI, et al., NCCN Clinical Practice 
Guidelines in Oncology (NCCN Guidelines) for Thyroid Carcinoma Version 1.2016. Copyright 2016 National Comprehensive Cancer Network, Inc. Available at 
NCCN.org. Accessed: November 4, 2016. Suspicious US features – Hypoechoic, micro calcifications, infiltrative margins, taller than wide in transverse plane. 
dAACE/ACE-AME: High-risk thyroid lesion – Marked hypoechogenicity, microcalcifications, irregular (speculated) margins, more tall than wide, extracapsular 
growth, suspicious regional lymph node. Intermediate-risk thyroid lesion – Isoechoic nodule with central vascularity, isoechoic nodule with macrocalcifications, 
isoechoic nodule with indeterminate hyperechoic spots, isoechoic nodule with elevated stiffness on elastography. Low-risk thyroid lesion – Thyroid cyst, mostly 
cystic nodule with reverberating artifacts, isoechoic spongiform nodule.
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and AACE/ACE-AME (Gharib  et  al. 2016)) all describe 
sonographic features of thyroid nodules and then use 
a constellation of these features to determine the risk 
of malignancy (Tables  1 and 2). The guidelines then 
use these features to help determine if FNA should 
be performed. The use of patterns consisting of more 
than one sonographic feature carries with it good inter-
observer agreement (Russ  et  al. 2013) and compared to 
individual features, is a better predictor of malignancy 
(Remonti et al. 2015). Overall, there is a general agreement 
on the sonographic features that make a nodule more 
suspicious for malignancy. However, it is notable that 
vascularity, particularly the presence of central vascularity 
is included in the sonographic nodule features to evaluate 
in the BTA, NCCN and AACE/ACE-AME guidelines 
but is not included in the ATA guidelines, which cited 
a study by Moon and coworkers demonstrating no 
diagnostic value of intranodular vascularity in predicting 
malignancy (Moon  et  al. 2010). Only the AACE–ACE-
AME guidelines included ultrasound elastography in the 
evaluation of thyroid nodules. All guidelines recommend 
a personalized approach regarding nodules smaller than 
1 cm that depends on the presence of additional high-risk 
clinical features such as history of radiation exposure or if 
it is FDG-avid on PET scan if one has been obtained or was 
involved in the nodule detection.

Another area of personalized approach is a patient 
with a family history of thyroid cancer who presents with 
a thyroid nodule. Although this is discussed as a potential 
harbinger of more aggressive disease, the data to support 
this assertion are weak (Naing et al. 2009, Mosci & Iagaru 
2011, Pinto  et  al. 2014, Wang  et  al. 2015b), creating 
some controversy regarding this area. It is generally 
acknowledged that these patients present a more unique 
situation where a more personalized approach should 
be implemented.

Although size alone does not predict malignancy, the 
size criteria are recognized by all three guidelines in that 
thyroid cancers smaller than 1 cm are unlikely to increase 
risk of mortality (Jeon et al. 2016) or to be associated with 
distant metastases (Machens et al. 2005, Jeon et al. 2016) 
especially when US does not show malignant cervical 
lymph nodes (Jeon et al. 2016). Thus, a more conservative 
approach is commonly recommended.

Overall, there is consensus between the guidelines 
on recommending FNA for nodules larger than 
1 cm in size that have the following sonographic 
features: solid, hypoechoic, micro-calcifications, 
extrathyroidal extension, irregular border and taller than 
wide dimensions.

Once it has determined that an FNA cytology 
result would influence clinical management, either 
by likely ‘ruling-out’ a malignancy or by identifying a 
potentially clinically significant thyroid cancer, the test 
is recommended to be performed under sonographic 
guidance. A greater emphasis on how comorbidities that 
might affect ‘actionable’ results from FNA results likely 
will be more visible in future guidelines. For example, 
a patient with non-thyroid life-threatening diseases is not 
likely to undergo thyroidectomy regardless of FNA results; 
therefore, FNA would not typically be performed.

The presence and multiplicity of thyroid nodules 
are more common with aging, and the risk of thyroid 
cancer in the aging population is lower on a per-nodule 
basis (Kwong  et  al. 2015). Furthermore, older patients 
with papillary microcarcinoma who are conservatively 
observed without surgery are reported to be less likely to 
progress during follow-up compared to younger patients 
(Ito et al. 2014). Therefore, a more conservative approach 
also may be more appropriate in this population. 
However, it should also be emphasized that although 
thyroid cancer is less likely to be diagnosed when thyroid 
nodules are found in the elderly, the risk of an aggressive 
thyroid cancer is higher (Kwong et al. 2015) and therefore 
a conservative approach should be carefully selected in 
these patients.

Finally, measurement of basal or stimulated serum 
calcitonin as part of the initial work-up in a patient with a 
thyroid nodule remains controversial. Because medullary 
thyroid cancer (MTC) is treated more aggressively 
surgically than other forms of thyroid cancer, even when 
small in size, the preoperative diagnosis will influence 
management. Furthermore, MTC can be difficult to 
clearly diagnose on FNA cytology (Essig  et  al. 2013). 
These particular guidelines do not recommend calcitonin 
measurement routinely in patients with thyroid nodules, 
although it is recommended by other guidelines 
documents (Pacini  et  al. 2006). Because MTCs often are 
interpreted to be follicular neoplasm (FN) or follicular 
lesions of undetermined significance (FLUS) on cytology, 
molecular testing may identify some of these nodules 
preoperatively (see below) or tailoring the measurement of 
serum or FNA calcitonin to patients with these cytological 
diagnoses may be considered.

Thyroid nodule: indeterminate FNA cytology 
results and molecular diagnostics

Over the past several years, a criteria system (Bethesda 
Classification) has been developed with a goal to improve 

http://dx.doi.org/10.1530/ERC-16-0432
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the diagnostic consistency of cytology (Cibas et al. 2009). 
However, even with the implementation of the system, 
data also have highlighted tremendous inter- and even 
intra-pathologist variability in FNA cytological diagnosis 
(Cibas  et  al. 2013). This is true particularly for samples 
that are read as having atypical cells of undetermined 
significance (AUS), FLUS or FN (Cibas et al. 2013). A meta-
analysis showed a rate of non-diagnostic results at 12.9% 
and a rate of indeterminate result based on the Bethesda 
system (AUS, FLUS, FN, suspicious for FN or suspicious for 
malignancy (SM)) at 22.4% with a wide range between 
institutions (Bongiovanni  et  al. 2012). The use of other 
biomarkers, immunostains and molecular testing has 
been studied and remains controversial based on both 
cost and accuracy considerations.

Attempts to further classify these cytologically 
indeterminate nodules have been actively pursued in 
recent years and are now part of the lexicon of clinical 
practice. The molecular diagnostic tests rely either on 
detecting gene mutations/rearrangements in DNA, 
expression levels of mRNA and/or expression of miRNAs. 
Ideally the positive and negative predictive values of 
a molecular diagnostic test should be at least similar to 
that of malignant or benign cytology, respectively. This 
predictive value is affected by the prevalence of thyroid 
cancer in each of the indeterminate cytology result, which 
varies between institutions and different cytologists and 
also is influenced by clinical and radiographic features 
for individual patients. For example, a lower predicted 
prevalence of thyroid cancer in a particular patient will 
reduce the positive predictive value (PPV) of a molecular 
diagnostic test and increase its negative predictive value 
(NPV) and a higher prevalence rate will yield a higher PPV 
and a lower NPV (Ferris et al. 2015). Therefore, in nodules 
where risk of malignancy is high, as in highly suspicious 
nodules on US or when cytology reading is suspicious for 
malignancy, the use of these molecular diagnostic tests 
may not be helpful in further classifying the nodule. On 
the other hand, cytological readings of AUS/FLUS SFN/FN  
in nodules that are indeterminate and not highly 
suspicious on US are cases where molecular diagnostic 
tests may be helpful as the usual risk of cancer in these 
readings is reported to vary from 6 to 48% for AUS/FLUS 
and 14 to 34% for FN (Ferris et al. 2015).

Available molecular diagnostic tests include 
gene expression using a mRNA transcriptional 
profile (Alexander  et  al. 2012), a seven-gene panel of 
somatic point mutations and gene rearrangements 
(Nikiforov  et  al. 2011), a 60-gene, next-generation 
sequencing panel (Nikiforov et al. 2015), a combination of 

a somatic gene panel with miRNA levels (Lodewijk et al. 
2012, Labourier  et  al. 2015, Wylie  et  al. 2016) and a  
miRNA-only panel (Peng et al. 2014, Stokowy et al. 2016). 
The published studies evaluating the diagnostic utility 
of these tests have included a prospective blinded study 
(Alexander  et  al. 2012), prospective non-blinded studies 
(Nikiforov et al. 2011, 2015, Labourier et al. 2015) and a 
large number of retrospective studies. It is difficult to fully 
compare these results as none have directly compared 
more than one test on the same samples. For these 
reasons, and due to the variability in some of the results, 
the ATA guidelines have focused on the anticipated 
achievable accuracy in individual patients. Specifically, 
they have described that an ideal ‘rule-in’ test would have 
a PPV for histopathologically proven malignancy similar 
to a malignant cytological diagnosis (98.6%), and an 
ideal ‘rule-out’ test would have a NPV similar to a benign 
cytological diagnosis (96.3%) (Haugen  et  al. 2016). The 
NCCN panel has similar recommendations (Haddad et al. 
2016). Further complicating the interpretation of the 
prior data is the recent reclassification of encapsulated 
follicular variants of PTC without vascular or capsular 
invasion into a new non-malignant category termed non-
invasive follicular tumors with papillary features (NIFTP) 
(Nikiforov  et  al. 2016). This category comprises tumors 
that previously may have been identified as malignant 
based on pathology review in the clinical studies. This 
change in classification may lead to further modifications 
in the molecular tests and/or re-analysis of previously 
published data recognizing the challenge that this is a 
post-operative diagnosis made on surgical pathology. 
Finally, the availability of only certain molecular tests 
varies in different countries, a factor that will influence 
their impact on clinical practice in different locations.

The use of molecular diagnostic tests to classify 
nodules to predict cancer behavior likely will evolve in the 
future as molecular markers are developed. For example, 
the data support that mutations in the promoter of TERT, 
particularly when they co-occur with BRAF V600E are 
associated with a poor prognosis (Liu & Xing 2014, 2016). 
The inclusion of these tests on panels in FNA samples may 
allow studies to determine the potential predictive value 
of the mutations when applied to thyroid nodule FNA 
samples. Caution needs to be exercised to apply molecular 
testing to specific populations, such as patients with 
papillary microcarcinoma, due to the overwhelmingly 
outstanding prognosis of nearly all patients with these 
small tumors despite an ~20% prevalence of BRAF V600E 
that in large population studies is associated with more 
aggressive behavior (de Biase et al. 2015).

http://dx.doi.org/10.1530/ERC-16-0432
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Table  3 summarizes the approach to indeterminate 
FNA results according to the four guidelines. The four 
guidelines agree with the surgical approach for suspicious 
of malignancy cytologies as this portends a higher risk of 
malignancy and they recommend options of repeating FNA 
(mainly in AUS/FLUS), surgery or molecular diagnostics 
taking into consideration clinical and sonographic factors in 
the other indeterminate categories. BTA and AACE/ACE-AME  
guidelines specifically recommend a multidisciplinary 
team in cases where there is an indeterminate cytology. 
This recommendation emphasizes the importance of direct 
communications between the different physicians involved 
in the case of the patient such as endocrinologist, cytologist 
and surgeon to come up with best plan of care.

Thyroid cancer: surgical questions

As described previously, active surveillance of papillary 
thyroid microcarcinomas may be an alternative 
approach to surgery as most of these cancers do not 
progress and those that do can then be managed 
surgically in most cases without apparent effect on 
the overall prognosis (Ito  et  al. 2010, Sugitani  et  al. 
2010). It has been suggested that an ideal candidate 
for observation will be the one with a solitary thyroid 
nodule with well-defined margins with at least 2 mm 

normal thyroid tissue surrounding it without malignant 
lymph nodes, extrathyroidal extension or suspicious for 
distant metastases (Brito et al. 2016). This ideal patient 
should also be followed by experts with available high-
quality sonogram and with emphasis on compliance for 
follow-up visits (Brito et al. 2016).

Active surveillance is not recommended management 
for cytologically proven thyroid cancer in the published 
guidelines unless surgery is high risk (AACE/ACE-AME); 
however, the 2016 ATA guidelines refer to this option when 
it is noted that if cancer is smaller than 1 cm and surgery is 
chosen it should be lobectomy unless there are additional 
features such as extrathyroidal extension or previous 
history of radiation. More data are likely to emerge on active 
surveillance of thyroid cancer in additional populations to 
determine if this is an acceptable option for all patients 
with small thyroid nodules. This conservative approach 
may be even more reasonable with patients with major 
comorbidities and likely is common in clinical practice 
already. It is also possible that molecular markers may better 
define populations in whom monitoring is appropriate in 
the future, including patients with larger nodules.

If surgery is planned, the extent of the procedure is the 
next clinical decision in patient management addressed by 
the guidelines. The options include: hemithyroidectomy, 
bilobar surgery (‘total’ thyroidectomy) or bilobar surgery 

Table 3 Recommendation on indeterminate cytology results.

 ATA (2016) BTA (2014) NCCN (2016)a AACE/ACE-AMA (2016)

Suspicious for 
malignancy

Surgical management 
similar to that of 
malignant cytology. 
Mutational testing 
considered if would 
alter surgical plan

Diagnostic 
hemithyroidectomy

Treat as malignant cytology Surgery

Follicular neoplasm/
suspicion for 
follicular neoplasm

Surgery or molecular 
testing depending of 
clinical risk factors, 
sonographic pattern 
and patient preference

Diagnostic 
hemithyroidectomy

If high risk clinically consider 
lobectomy or total 
thyroidectomy. If not, 
consider diagnostic 
lobectomy, molecular 
diagnostics (category 2B)b 
may be employed; if low 
risk or patient preference, 
observation may be 
considered

Surgery in most cases
Consider surveillance in a 

minority of patients
Consider molecular testing 

to reinforce conservative 
approach

Atypia of 
undetermined 
significance

Repeat FNA, molecular 
testing, observation or 
surgery depending on 
clinical risk factors, 
sonographic pattern 
and patient preference

Repeat FNA If high risk clinically consider 
lobectomy or total 
thyroidectomy. If not; 
consider diagnostic 
lobectomy, molecular 
diagnostics (category 2B)b, 
repeat FNA or observation 
may be recommended

Repeat FNA
Consider surveillance with 

reassuring clinical, 
sonographic and 
elastography features. 
Consider molecular testing

aAdapted with permission from Haddad RI, et al., NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Thyroid Carcinoma Version 
1.2016. Copyright 2016 National Comprehensive Cancer Network, Inc. Available at NCCN.org. Accessed: November 4, 2016.
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with neck dissection. Compared to total thyroidectomy, 
hemithyroidectomy has the advantages of potentially 
decreasing the surgical risk and the possibility of 
maintaining a euthyroid state in some patients with normal 
thyroid function preoperatively. This is balanced against 
the potential need for reoperation based on the surgical 
pathology findings. Total thyroidectomy has the advantages 
of having one surgery from the beginning and enabling 
easier monitoring of thyroglobulin and neck ultrasounds 
postoperatively in the event that cancer is diagnosed.

Cost analyses comparing hemithyroidectomy 
vs total thyroidectomy have shown variable results 
mostly dependent on rate of complications with 
total thyroidectomy. For example, Corso and 
coworkers in Colombia (Corso  et  al. 2014) showed 
that total thyroidectomy was more cost-effective than 
hemithyroidectomy; however, when the rates of recurrent 
laryngeal nerve injury and hypoparathyroidism exceeded 
8% and 9%, respectively, hemithyroidectomy became 
more cost effective. Leiker and coworkers also showed 
total thyroidectomy to be more cost-effective; however, 
there was a trend toward more cost-effectiveness with 
thyroid lobectomy with increasing rates of unilateral 
(>5%) or bilateral (>2%) RLN injury associated with total 
thyroidectomy (Leiker et al. 2013).

When considering the extent of surgery for a 
FNA-diagnosed thyroid cancer, all the guidelines 
recommend total thyroidectomy when the size of 
the cancer is above 4 cm, local invasion is likely 

on the imaging or abnormal nodes are identified 
preoperatively. In addition, ATA, BTA and NCCN agree 
that intrathyroidal tumors between 1 and 4 cm represent 
a ‘gray zone’ whereby either hemithyroidectomy or 
total thyroidectomy are appropriate depending on 
the clinical features and patient and clinician wishes. 
The AACE/ACE-AME generally states that extent 
of surgery is based on preoperative staging and the 
clinical setting. Hemithyroidectomy or no surgery 
with subsequent active surveillance is the approach to 
known microcarcinomas as noted previously. Table  4 
summarizes the approach of the four guidelines to 
hemi vs total thyroidectomy. Prophylactic central neck 
dissection in general is not recommended other than in 
the case of medullary thyroid cancer and/or in the case 
of larger tumors with suspected local invasion or tumors 
with poor differentiation. Long-term monitoring of 
patients after hemithyroidectomy requires more studies 
to determine the appropriate follow-up plan in terms 
of imaging and appropriate cutoff of Tg and also TSH 
target (see discussion in the ‘Dynamic stratification’ 
section below regarding Tg cutoff level in this scenario).

Radioactive iodine: to treat or not to treat?

The guidelines (ATA, BTA and NCCN as the  
AACE/ACE-AME do not cover thyroid cancer management 
beyond surgery) agree that patients with low-risk thyroid 
cancer with no known or likely evidence of residual  

Table 4 Conditions where it is acceptable to consider hemithyroidectomy when FNA biopsy is proven to be malignant by 

different guidelines.

ATA (2016)a BTA (2014)b NCCN (2016)c AACE/ACE-AME (2016)

No prior radiation No prior radiation No prior radiation Extent of surgery is based on 
preoperative staging and the 
clinical setting

No distant metastases No distant metastases No distant metastases  
No cervical lymph node 

metastases
No cervical lymph node metastases No cervical lymph node metastases  

No ETE No ETE No ETE  
T <4 cm T <4 cm T <4 cm  
No familial disease No familial disease   
Unifocal <45 years   
 Unifocal   
 No angioinvasion   

aIf surgery is chosen for thyroid microcarcinoma, without extrathyroidal extension and cervical nodal metastases, the initial surgical procedure should be 
lobectomy unless there are clear indications to remove the contralateral lobe. bPersonalized decision making is recommended. Also for micro-PTC, thyroid 
lobectomy is recommended for unifocal disease without the following identified risk factors: non-incidental tumors, being PET positive, 6–10 mm in size, 
bilateral or multifocal, poorly differentiated, having extrathyroidal extension and with desmoplastic fibrosis and/or infiltrative growth pattern. cAdapted 
with permission from Haddad RI, et al., NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Thyroid Carcinoma Version 1.2016. Copyright 
2016 National Comprehensive Cancer Network, Inc. Available at NCCN.org. Accessed: November 4, 2016. In addition to what is listed, if lobectomy is 
performed, completion thyroidectomy is recommended if there is vascular invasion, macroscopic multifocal disease or positive surgical margins.
ETE, extrathyroidal extension.
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disease after surgery should not be treated with I-131, that 
patients with high-risk thyroid cancer should be treated 
with I-131, and that selective use should be implemented in 
patients who are at intermediate risk (Table 5 summarizes 
the approach of the three guidelines to radioactive iodine 
treatment). Post-operative thyroglobulin levels and the 
details of the pathology are factors that classify patients 
into low- or high-risk categories after surgery. However, 
the extent of surgery will influence the acceptable 
thyroglobulin levels and imaging, features that are not 
fully discussed in the guideline documents. For example, 
in patients who had less than a total thyroidectomy, a 
higher thyroglobulin level may be explained by residual 
benign thyroid tissue. Therefore, before changing the risk 
category of a patient from low risk to intermediate solely 

based on Tg level, it is important to assess for residual 
thyroid tissue by ultrasound several months after the 
surgery. Application of one cutoff of Tg across different 
practices and assays therefore remains challenging. 
In addition, the optimal strategies for patients with 
circulating anti-thyroglobulin antibodies have not been 
fully addressed due to limited data availability.

If a decision is made to treat a patient with RAI, there is 
agreement that a lower dose of 30 mCi is a reasonable dose 
for treating individuals with lower risk thyroid cancer. 
Two randomized, prospective studies (Mallick et al. 2012, 
Schlumberger  et  al. 2012) indicated that 30 or 100 mCi 
were equally effective in achieving successful ablation in 
patients with low-risk thyroid cancer with some patients 
(Mallick  et  al. 2012) also exhibiting intermediate-risk 

Table 5 Guidelines for radioactive iodine administration.

RAI ATA (2016)a BTA (2014) NCCN (2016)b

Not recommended ATA low risk and T ≤ 1 cm

 

T ≤ 1 cm unifocal or 
multifocal

PTC: FTC:

PTC or fvPTC or FTC Classic PTC T < 2 cm
N0/Nx Intrathyroidal <1 cm Intrathyroidal 
M0/Mx No angioinvasion Intrathyroidal No vascular invasion
  Unifocal or multifocal Clinical N0 M0
  No detectable anti-Tg 

Abs
No detectable anti-Tg Abs

  Post op (6–12 weeks) 
unstimulated Tg 
<1 ng/mL

Post op (6–12 weeks) unstimulated 
Tg <1 ng/mL

Selective use ATA low to intermediate 
risk with T1b-T3 
regardless of N status

T: 1–4 cm T: 1–4 cm T: 2–4 cm

ATA low to intermediate 
risk with N1a or N1b 
regardless of T statusa

Minor ETE High-risk histology Minor vascular invasion

 Unfavorable cell type Lymphatic invasion Cervical lymph node metastases
 Widely invasive Cervical node 

metastases
Post-operative unstimulated Tg 

<5–10 ng/mL
 Lymph nodes Macroscopic 

multifocality
 

 high ratio of positive 
to negative nodes

Post-operative 
unstimulated Tg 
<5–10 ng/mL

 

 Extra nodal extension   
Recommended ATA high risk T > 4 cm T > 4 cm T > 4 cm

Gross ETE Gross ETE Gross ETE
Distant metastases Post-operative 

unstimulated Tg 
>5–10 ng/mL

Post-operative unstimulated Tg 
>5–10 ng/mL

 Known or suspected 
distant metastases

Extensive vascular invasion

  Known or suspected distant 
metastases

aThe ATA guidelines use the word ‘Not Routine’ for ATA low risk T1b-T2 patients and ‘Consider’ for ATA low-to-intermediate risk with T > 4 cm 
and ‘Consider, generally favored’ for ATA low-to-intermediate risk with microscopic ETE and/or N1 disease. bAdapted with permission from Haddad RI,  
et al., NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Thyroid Carcinoma Version 1.2016. Copyright 2016 National Comprehensive 
Cancer Network, Inc. Available at NCCN.org. Accessed: November 4, 2016.
ETE, extrathyroidal extension.
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features according to ATA guidelines. However, in patients 
with high-risk tumors especially when residual disease is 
highly suspected or known, a higher dose of 100–200 can 
be used. Dosimetrically calculated doses to limit whole-
body retention to 80 mCi at 48 h and 200 cGy exposure 
to the bone marrow can be considered particularly in 
patients with renal insufficiency, older patients or in 
patients with RAI avid macroscopic distant metastases to 
reduce complications. However, data are not consistent 
regarding improved efficacy of this treatment approach 
(Samuel et al. 1998, Klubo-Gwiezdzinska et al. 2011). There 
is general agreement between guidelines regarding dose 
ranges for patients with more advanced disease. Given the 
potential side effects of exceeding a safe RAI dose, the ATA 
guidelines recommend against empirically administered 
amounts of 131I exceeding 150 mCi in patients over 
age 70  years as they will often potentially exceed the 
maximum tolerable tissue dose (Tuttle et al. 2006).

In addition to decision-making based on risk of 
progressive disease, all of the guidelines point to the 
importance of considering both patient preferences and 
the potential risks of RAI when determining dose. The 
dynamic risk stratification strategy that is codified in 
the guidelines (Table 6) helps better define the goals and 

risks of treatment in individual patients. It is also noted 
that the delay in administration of RAI up to 12 months 
after thyroid cancer surgery does not appear to influence 
overall survival (Tsirona et al. 2014, Suman et al. 2016). 
This may not be true, however, in the case of patients who 
have higher risk tumors characterized by extrathyroidal 
extension or distant metastases (Higashi et al. 2011).

Dynamic stratification

Risk stratification after initial treatment aids in 
determining the status of disease at a given point in time 
as well as the likelihood structural disease progression over 
time (Tuttle et al. 2010). Although all guidelines agree to 
this approach in concept, the ATA and BTA, in particular, 
use similar terms in assessing that response. Nonetheless, 
there are some differences in defining the response types 
between those guidelines. For example, the BTA guidelines 
recommend using a TSH-suppressed and TSH-stimulated 
thyroglobulin at <1 ng/mL for excellent response, whereas 
the ATA recommends using suppressed thyroglobulin 
<0.2 ng/mL or TSH-stimulated thyroglobulin <1 ng/mL.  
The BTA appears to presume that TSH-stimulated 
thyroglobulin will be performed on all patients with 

Table 6 Dynamic assessment after initial treatment.

 Excellent response Incomplete response Indeterminate response Structural recurrence

ATA (2016) Negative imaging and 
either suppressed Tg 
<0.2 g/mL

Negative imaging and 
suppressed Tg ≥1 ng/mL or 
stimulated Tg ≥ 10 ng/mL in 
the absence of anti-Tg 
antibodies or rising anti-Tg 
antibody levels

Nonspecific findings on 
imaging studies faint uptake 
in thyroid bed on RAI 
scanning nonstimulated Tg 
detectable, but <1 ng/mL 
stimulated Tg detectable, but 
<10 ng/mL in the absence of 
anti-Tg antibodies or anti-Tg 
antibodies stable or declining 
in the absence of structural 
or functional disease

Evidence of 
structural disease

Stimulated Tg < 1 ng/mL

BTA (2014) All the following:
 • Suppressed and 

stimulated Tg < 1 ng/mL
 • Neck US without 

evidence of disease
 • Cross-sectional and/

or nuclear medicine 
imaging negative (if 
performed)

Any of the following
 • Suppressed Tg ≥ 1 ng/mL or 

stimulated Tg ≥ 10 ng/mL
 • Rising Tg values

Any of the following
 • Suppressed Tg < 1 ng/mL 

and stimulated Tg ≥ 1 and 
<10 ng/mL

 • Neck US with nonspecific 
changes or stable sub 
centimeter nodes

 • Cross-sectional and/or 
nuclear medicine imaging 
with nonspecific changes, 
although not completely 
normal

Persistent or newly 
identified possible 
disease on 
imaginga

NCCN (2016) Stimulated Tg  < 2   Evidence of 
structural diseaseNegative imagingb

aThis is mentioned under incomplete response without a specific category of structural disease. bIf this is not present, then patient has recurrent/residual 
disease. Adapted with permission from Haddad RI, et al., NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Thyroid Carcinoma Version 
1.2016. Copyright 2016 National Comprehensive Cancer Network, Inc. Available at NCCN.org. Accessed: November 4, 2016.
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undetectable basal Tg level, on at least one occasion 
after initial therapies. However, studies since their most 
recent update demonstrate that undetectable Tg levels 
on newer and more sensitive Tg assays have a very high 
negative predictive value, suggesting that TSH-stimulated 
Tg levels may no longer be necessary in many patients 
(Giovanella et al. 2014). Table 6 describes terms used in 
assessing response to treatment and the criteria for those 
different categories of response in the three guidelines. 
If hemithyroidectomy is to be employed, Tg cutoff 
points or defining percent changes that should prompt 
further evaluation need to be developed. Recently, 
Momesso & Tuttle (2014) reported a cutoff of 30 ng/mL  
in patients with hemithyroidectomy as a criterion for 
excellent response to hemithyroidectomy. This potential 
cut point was validated (Momesso  et  al. 2016) in a 
study showing a 0% rate of structural recurrence after 
100.5 months of follow-up in patients with that cutoff of 
Tg at <30 ng/mL that indicated excellent response after 
hemithyroidectomy. However, a larger cohort of patients 
is needed to validate this proposed Tg cutoff. Studies to 
assess whether or not Tg is specific enough for monitoring 
patients with microcarcinoma if they do not undergo 
surgery are needed; therefore, these data are not included 
in the guidelines to date.

An important impact of this dynamic stratification of 
thyroid cancer patients has been the reassessment of the 
efficacy of long-term TSH suppression therapy. High-risk 
patients at presentation who are recommended for initial 
TSH suppression to levels <0.1 U/L are recommended to be 
treated with less aggressive TSH suppression over time if they 
have excellent response to treatment. This recommendation 
for less aggressive long-term TSH suppression is based on 

the recognition that long-term TSH suppression can also 
cause treatment-related morbidity and the minimal data 
to support a persistent anti-tumor effect. Risks include the 
well-known higher incidence of atrial fibrillation in patients 
with suppressed TSH, increased cardiovascular mortality 
in patients with thyroid cancer (Klein Hesselink  et  al. 
2013) and also an increased risk of osteoporosis in 
postmenopausal woman (Wang et al. 2015a). On the other 
hand, TSH suppression appeared safe in a study in its effect 
on cognitive function (Moon et al. 2014). Additional studies 
on the impact of exogenous thyrotoxicosis on these patients 
will be helpful in defining the risk/benefit ratio for patients 
with persistent thyroid cancer. Table  7 describes the TSH 
target in patients across different categories of response 
between the three guidelines.

Cervical nodal metastases: to remove or to 
observe?

The guidelines agree that low volume residual disease 
in neck often can be managed with active surveillance. 
This recommendation is supported by studies showing 
stability of most cervical nodal disease during conservative 
observation (Rondeau  et  al. 2011, Robenshtok  et  al. 
2012). The guidelines acknowledge the required 
individualization of therapy for such patients and when 
treatment is indicated, all recommend surgical removal 
of regional nodes as the best treatment option, although 
other choices are discussed for specific populations of 
patients (see below). The 2016 NCCN guidelines do not 
comment on active surveillance if locoregional disease 
is resectable. Table 8 summarizes the approach to active 
surveillance vs surgery among the three guidelines.

Table 7 TSH target after dynamic assessment.

 Excellent response
Indeterminate 
response Incomplete responsea

Structural 
recurrence

ATA (2016) 0.5–2 U/L (if high risk at presentation, 
0.1–0.5 U/L for 5 years)

0.1–0.5 U/Lb 0.1–0.5 U/Lb <0.1 U/Lc

BTA (2014) 0.3–2 U/L 0.1–0.5 U/Le <0.1 U/L in the absence of 
contraindications

<0.1 U/L

NCCN (2016)f Free of disease in NCCN guidelines: TSH 
levels maintained either slightly below 
or slightly above the lower limit of the 
reference ranged

Not clearly stated Recurrence without structural disease: 
0.1–0.5 U/L if low risk

<0.1 U/L

aNCCN: implied under ‘recurrence without structural disease’. bModified based on risk factors for adverse outcomes of thyroxicosis. With atrial fibrillation 
TSH target should be 0.5–2 U/L in patients with indeterminate and incomplete response. In patients older than 60 or those who have osteoporosis, TSH 
target should be 0.5–2 U/L in patients with indeterminate or incomplete responses. In patients with incomplete response who have no risk factors for 
adverse outcomes from thyroxicosis, TSH target <0.1 U/L. cTSH target in patients with structural disease who have atrial fibrillation should be 0.1–0.5 U/L. 
dPatients who remain disease free for several years can probably have their TSH levels maintained within the reference range. eTSH target 0.1–0.5 for 
5–10 years then revisited. fAdapted with permission from Haddad RI, et al., NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Thyroid 
Carcinoma Version 1.2016. Copyright 2016 National Comprehensive Cancer Network, Inc. Available at NCCN.org. Accessed: November 4, 2016.
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The option of active surveillance on patients with 
cervical nodal metastases has gained increasing support in 
the guidelines over time. For example, the ATA guidelines 
in 2009 (American Thyroid Association Guidelines 
Taskforce on Thyroid  et  al. 2009) discussed uncertainty 
regarding the need of surgery in asymptomatic small 
disease defined as less than 5–8 mm, whereas the 2016 ATA 
guidelines recommend active surveillance in low-volume 
locoregional cervical nodes without the need to perform 
FNA biopsy of suspicious node until the smallest diameter 
is >0.8 cm in central neck and >1.0 cm in lateral neck.

Although surgery remains the mainstay treatment 
for recurrent/persistent cervical nodal metastatic disease 
(Urken  et al. 2015), ablation of metastatic lymph nodes 
(Lewis  et  al. 2002, Heilo  et  al. 2011) is another method 
of controlling cervical disease without surgery. It has 
been recommended to consider this option in patients 
with distant metastases where cure will definitely be not 
possible with surgery for cervical disease and in patients 
who are poor surgical candidates with growing and 
possibly symptomatic neck nodes.

Conclusion and reflection

The incidence of thyroid cancer is increasing and 
survivorship remains excellent, particularly for patients 
with early stage disease. Over the past several years, 
data have emerged that have led to greater recognition 
of the potential side effects of thyroid cancer therapy 
including surgery and RAI. Taken together, these factors 
have led to recommendations for a more conservative 
and individualized approach in nearly all aspects of 
thyroid nodule and cancer care. In the present review, 
we discussed some key points in thyroid nodule/cancer 
diagnosis and management focused on the most common 
clinical scenarios, and how they were approached by four 
different guidelines.

All of the newer guidelines documents present an 
increasing expectation for individualizing diagnosis 
and treatment approaches. They require physicians to 
be facile in not only in clinical assessment but also in 
either performing or providing access to high-precision 
neck ultrasound, access to high-quality cytology review, 
and in some cases, access to molecular testing. This 
evidence-based approach carries important benefits to 
the patient in terms of avoiding unnecessary treatments 
and procedures and also allows greater focus on patients 
most likely to benefit from more aggressive approaches 
as well.

As noted in the introduction, the guidelines are 
intended to cover only the most common clinical 
scenarios and they are intended to help guide, rather than 
replace, careful clinical decision making. Thus, they are 
not ‘rules’ for clinical practice but rather are ‘guidelines’ 
that are intended to summarize and, based on the 
weight of the evidence, recommend certain approaches 
to common clinical problems based on the strength of 
the data. Application of this information to individual 
patients is more nuanced and requires synthesis of this 
broad information into the specific clinical scenario for an 
individual patient that can be influenced by factors such 
as the availability of local expertise, insurance coverage 
and patient preferences. One major challenge at present 
is the multiplicity of guidelines for thyroid nodules 
and cancer. Although the overall similarity between 
recommendations of the guidelines is reassuring, there 
are differences between the documents. In addition to 
pointing to key knowledge gaps that require further study, 
such disagreements also can cause an unintended lack of 
clarity for practicing physicians. As the field continues 
to evolve over time, combined guidelines summary 
statements and the use of the same levels of evidence 
structures by the various groups will ultimately be helpful 
for maximal impact on clinical practice.

Table 8 Decision on management of cervical nodal metastatic disease.

ATA (2016) BTA (2014) NCCN (2016)b

Active surveillance for nodes with smallest 
diameter <8 mm in central neck and 
<10 mm in lateral necka

Surgery with curative intent is the primary 
therapy without distant metastases

Surgery (preferred) if resectable and/or 
radioiodine treatment, if radioiodine 
imaging positive and/or local therapies 
when available (ethanol ablation, 
radiofrequency ablation (RFA)) and/or 
EBRT/IMRT, if radioiodine imaging 
negative for selected patients not 
responsive to other therapies

Active surveillance for low volume 
non-progressive disease

aFactors such as FDG-PET activity, patient comorbidities and preferences, and surgical risk among others should be considered. bAdapted with permission 
from Haddad RI, et al., NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Thyroid Carcinoma Version 1.2016. Copyright 2016 National 
Comprehensive Cancer Network, Inc. Available at NCCN.org. Accessed: November 4, 2016.

http://dx.doi.org/10.1530/ERC-16-0432


R24Review F Nabhan and M D Ringel Thyroid cancer guidelines
En

d
o

cr
in

e-
R

el
at

ed
 C

an
ce

r

DOI: 10.1530/ERC-16-0432
http://erc.endocrinology-journals.org © 2017 Society for Endocrinology

Printed in Great Britain
Published by Bioscientifica Ltd.

24:2

Declaration of interest
The authors declare that there is no conflict of interest that could be 
perceived as prejudicing the impartiality of this review.

Funding
This research was supported by NIH grant to M D R (P01 CA124570 and 
P50CA168505).

References

Ahmed S, Johnson PT, Horton KM, Lai H, Zaheer A, Tsai S & Fishman EK 
2012 Prevalence of unsuspected thyroid nodules in adults on 
contrast enhanced 16- and 64-MDCT of the chest. World Journal of 
Radiology 4 311–317. (doi:10.4329/wjr.v4.i7.311)

Alexander EK, Kennedy GC, Baloch ZW, Cibas ES, Chudova D, Diggans J, 
Friedman L, Kloos RT, LiVolsi VA, Mandel SJ, et al. 2012 Preoperative 
diagnosis of benign thyroid nodules with indeterminate cytology. 
New England Journal of Medicine 367 705–715. (doi:10.1056/
NEJMoa1203208)

Altekruse S, Das A, Cho H, Petkov V & Yu M 2015 Do US thyroid cancer 
incidence rates increase with socioeconomic status among people 
with health insurance? An observational study using SEER population-
based data. BMJ Open 5 e009843. (doi:10.1136/bmjopen-2015-009843)

American Thyroid Association (ATA) Guidelines Taskforce on Thyroid 
Nodules, Differentiated Thyroid Cancer, Cooper DS, Doherty GM, 
Haugen BR, Kloos RT, Lee SL, Mandel SJ, Mazzaferri EL, McIver B, 
et al. 2009 Revised American Thyroid Association management 
guidelines for patients with thyroid nodules and differentiated 
thyroid cancer. Thyroid 19 1167–1214. (doi:10.1089/thy.2009.0110)

Bongiovanni M, Spitale A, Faquin WC, Mazzucchelli L & Baloch ZW 
2012 The Bethesda System for Reporting Thyroid Cytopathology: a 
meta-analysis. Acta Cytologica 56 333–339. (doi:10.1159/000339959)

Brito JP, Ito Y, Miyauchi A & Tuttle RM 2016 A clinical framework to 
facilitate risk stratification when considering an active surveillance 
alternative to immediate biopsy and surgery in papillary 
microcarcinoma. Thyroid 26 144–149. (doi:10.1089/thy.2015.0178)

Cibas ES, Ali SZ & NCI Thyroid FNA State of the Science Conference 
2009 The Bethesda system for reporting thyroid cytopathology. 
American Journal of Clinical Pathology 132 658–665. (doi:10.1309/
AJCPPHLWMI3JV4LA)

Cibas ES, Baloch ZW, Fellegara G, LiVolsi VA, Raab SS, Rosai J, Diggans J, 
Friedman L, Kennedy GC, Kloos RT, et al. 2013 A prospective 
assessment defining the limitations of thyroid nodule pathologic 
evaluation. Annals of Internal Medicine 159 325–332. 
(doi:10.7326/0003-4819-159-5-201309030-00006)

Corso C, Gomez X, Sanabria A, Vega V, Dominguez LC & Osorio C 2014 
Total thyroidectomy versus hemithyroidectomy for patients with 
follicular neoplasm. A cost-utility analysis. International Journal of 
Surgery 12 837–842. (doi:10.1016/j.ijsu.2014.07.005)

Davies L & Welch HG 2014 Current thyroid cancer trends in the United 
States. JAMA Otolaryngology: Head and Neck Surgery 140 317–322. 
(doi:10.1001/jamaoto.2014.1)

de Biase D, Gandolfi G, Ragazzi M, Eszlinger M, Sancisi V, Gugnoni M, 
Visani M, Pession A, Casadei G, Durante C, et al. 2015 TERT 
promoter mutations in papillary thyroid microcarcinomas. Thyroid 
25 1013–1019. (doi:10.1089/thy.2015.0101)

Essig GF Jr, Porter K, Schneider D, Debora A, Lindsey SC, Busonero G, 
Fineberg D, Fruci B, Boelaert K, Smit JW, et al. 2013 Fine needle 
aspiration and medullary thyroid carcinoma: the risk of inadequate 
preoperative evaluation and initial surgery when relying upon FNAB 
cytology alone. Endocrine Practice 19 920–927. (doi:10.4158/ 
EP13143.OR)

Ezzat S, Sarti DA, Cain DR & Braunstein GD 1994 Thyroid 
incidentalomas. Prevalence by palpation and ultrasonography. 
Archives of Internal Medicine 154 1838–1840. (doi:10.1001/archinte. 
1994.00420160075010)

Ferris RL, Baloch Z, Bernet V, Chen A, Fahey TJ 3rd, Ganly I, Hodak SP, 
Kebebew E, Patel KN, Shaha A, et al. 2015 American Thyroid 
Association Statement on Surgical Application of Molecular Profiling 
for Thyroid Nodules: current impact on perioperative decision 
making. Thyroid 25 760–768. (doi:10.1089/thy.2014.0502)

Gharib H, Papini E, Garber JR, Duick DS, Harrell RM, Hegedus L, 
Paschke R, Valcavi R, Vitti P & AACE/ACE/AME Task Force on 
Thyroid Nodules 2016 American Association of Clinical 
Endocrinologists, American College of Endocrinology, and 
Associazione Medici Endocrinologi Medical Guidelines for clinical 
practice for the diagnosis and management of thyroid nodules – 
2016 update. Endocrine Practice 22 622–639.

Giovanella L, Treglia G, Sadeghi R, Trimboli P, Ceriani L & Verburg FA 
2014 Unstimulated highly sensitive thyroglobulin in follow-up of 
differentiated thyroid cancer patients: a meta-analysis. Journal of 
Clinical Endocrinology and Metabolism 99 440–447. (doi:10.1210/
jc.2013-3156)

Haddad RI, Lydiatt WM, Bischoff L, Busaidy NL, Byrd D, Callender G, 
Dickson P, Duh Q-Y, Ehya H, Haymart M, et al. 2016 NCCN Clinical 
Practice Guidelines in Oncology (NCCN Guidelines) for Thyroid 
Carcinoma. Version 1.2016, accessed 4 November 2016. Fort 
Washington, PA, USA: National Comprehensive Cancer Network, 
Inc. (available at: https://www.nccn.org/professionals/physician_
gls/f_guidelines.asp#thyroid)

Hall SF, Irish J, Groome P & Griffiths R 2014 Access, excess, and 
overdiagnosis: the case for thyroid cancer. Cancer Medicine 3  
154–161. (doi:10.1002/cam4.184)

Han JM, Kim TY, Jeon MJ, Yim JH, Kim WG, Song DE, Hong SJ, Bae SJ, 
Kim HK, Shin MH, et al. 2013 Obesity is a risk factor for thyroid 
cancer in a large, ultrasonographically screened population. European 
Journal of Endocrinology 168 879–886. (doi:10.1530/EJE-13-0065)

Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov 
YE, Pacini F, Randolph GW, Sawka AM, Schlumberger M, et al. 2016 
2015 American Thyroid Association Management guidelines for 
adult patients with thyroid nodules and differentiated thyroid 
cancer: the American Thyroid Association guidelines task force on 
thyroid nodules and differentiated thyroid cancer. Thyroid 26 1–133. 
(doi:10.1089/thy.2015.0020)

Heilo A, Sigstad E, Fagerlid KH, Haskjold OI, Groholt KK, Berner A, 
Bjoro T & Jorgensen LH 2011 Efficacy of ultrasound-guided 
percutaneous ethanol injection treatment in patients with a limited 
number of metastatic cervical lymph nodes from papillary thyroid 
carcinoma. Journal of Clinical Endocrinology and Metabolism 96  
2750–2755. (doi:10.1210/jc.2010-2952)

Higashi T, Nishii R, Yamada S, Nakamoto Y, Ishizu K, Kawase S, Togashi K, 
Itasaka S, Hiraoka M, Misaki T, et al. 2011 Delayed initial radioactive 
iodine therapy resulted in poor survival in patients with metastatic 
differentiated thyroid carcinoma: a retrospective statistical analysis 
of 198 cases. Journal of Nuclear Medicine 52 683–689. (doi:10.2967/
jnumed.110.081059)

Hughes DT, Haymart MR, Miller BS, Gauger PG & Doherty GM 2011 
The most commonly occurring papillary thyroid cancer in the 
United States is now a microcarcinoma in a patient older than 45 
years. Thyroid 21 231–236. (doi:10.1089/thy.2010.0137)

Ito Y, Miyauchi A, Inoue H, Fukushima M, Kihara M, Higashiyama T, 
Tomoda C, Takamura Y, Kobayashi K & Miya A 2010 An 
observational trial for papillary thyroid microcarcinoma in Japanese 
patients. World Journal of Surgery 34 28–35. (doi:10.1007/s00268-009-
0303-0)

Ito Y, Nikiforov YE, Schlumberger M & Vigneri R 2013 Increasing 
incidence of thyroid cancer: controversies explored. Nature Reviews 
Endocrinology 9 178–184. (doi:10.1038/nrendo.2012.257)

http://dx.doi.org/10.1530/ERC-16-0432
http://dx.doi.org/10.4329/wjr.v4.i7.311
http://dx.doi.org/10.1056/NEJMoa1203208
http://dx.doi.org/10.1056/NEJMoa1203208
http://dx.doi.org/10.1136/bmjopen-2015-009843
http://dx.doi.org/10.1089/thy.2009.0110
http://dx.doi.org/10.1159/000339959
http://dx.doi.org/10.1089/thy.2015.0178
http://dx.doi.org/10.1309/AJCPPHLWMI3JV4LA
http://dx.doi.org/10.1309/AJCPPHLWMI3JV4LA
http://dx.doi.org/10.7326/0003-4819-159-5-201309030-00006
http://dx.doi.org/10.1016/j.ijsu.2014.07.005
http://dx.doi.org/10.1001/jamaoto.2014.1
http://dx.doi.org/10.1089/thy.2015.0101
http://dx.doi.org/10.4158/EP13143.OR
http://dx.doi.org/10.4158/EP13143.OR
http://dx.doi.org/10.1001/archinte.1994.00420160075010
http://dx.doi.org/10.1001/archinte.1994.00420160075010
http://dx.doi.org/10.1089/thy.2014.0502
http://dx.doi.org/10.1210/jc.2013-3156
http://dx.doi.org/10.1210/jc.2013-3156
https://www.nccn.org/professionals/physician_gls/f_guidelines.asp#thyroid
https://www.nccn.org/professionals/physician_gls/f_guidelines.asp#thyroid
http://dx.doi.org/10.1002/cam4.184
http://dx.doi.org/10.1530/EJE-13-0065
http://dx.doi.org/10.1089/thy.2015.0020
http://dx.doi.org/10.1210/jc.2010-2952
http://dx.doi.org/10.2967/jnumed.110.081059
http://dx.doi.org/10.2967/jnumed.110.081059
http://dx.doi.org/10.1089/thy.2010.0137
http://dx.doi.org/10.1007/s00268-009-0303-0
http://dx.doi.org/10.1007/s00268-009-0303-0
http://dx.doi.org/10.1038/nrendo.2012.257


R25Review F Nabhan and M D Ringel Thyroid cancer guidelines
En

d
o

cr
in

e-
R

el
at

ed
 C

an
ce

r

DOI: 10.1530/ERC-16-0432
http://erc.endocrinology-journals.org © 2017 Society for Endocrinology

Printed in Great Britain
Published by Bioscientifica Ltd.

24:2

Ito Y, Miyauchi A, Kihara M, Higashiyama T, Kobayashi K & Miya A 
2014 Patient age is significantly related to the progression of 
papillary microcarcinoma of the thyroid under observation. Thyroid 
24 27–34. (doi:10.1089/thy.2013.0367)

Jeon MJ, Kim WG, Choi YM, Kwon H, Lee YM, Sung TY, Yoon JH, 
Chung KW, Hong SJ, Kim TY, et al. 2016 Features predictive of 
distant metastasis in papillary thyroid microcarcinomas. Thyroid 26 
161–168. (doi:10.1089/thy.2015.0375)

Jung CK, Little MP, Lubin JH, Brenner AV, Wells SA Jr, Sigurdson AJ & 
Nikiforov YE 2014 The increase in thyroid cancer incidence during 
the last four decades is accompanied by a high frequency of BRAF 
mutations and a sharp increase in RAS mutations. Journal of 
Clinical Endocrinology and Metabolism 99 E276–E285. (doi:10.1210/
jc.2013-2503)

Klein Hesselink EN, Klein Hesselink MS, de Bock GH, Gansevoort RT, 
Bakker SJ, Vredeveld EJ, van der Horst-Schrivers AN, van der Horst 
IC, Kamphuisen PW, Plukker JT, et al. 2013 Long-term cardiovascular 
mortality in patients with differentiated thyroid carcinoma: an 
observational study. Journal of Clinical Oncology 31 4046–4053. 
(doi:10.1200/JCO.2013.49.1043)

Klubo-Gwiezdzinska J, Van Nostrand D, Atkins F, Burman K, Jonklaas J, 
Mete M & Wartofsky L 2011 Efficacy of dosimetric versus empiric 
prescribed activity of 131I for therapy of differentiated thyroid 
cancer. Journal of Clinical Endocrinology and Metabolism 96  
3217–3225. (doi:10.1210/jc.2011-0494)

Kwong N, Medici M, Angell TE, Liu X, Marqusee E, Cibas ES, Krane JF, 
Barletta JA, Kim MI, Larsen PR, et al. 2015 The influence of patient 
age on thyroid nodule formation, multinodularity, and thyroid 
cancer risk. Journal of Clinical Endocrinology and Metabolism 100 
4434–4440. (doi:10.1210/jc.2015-3100)

Labourier E, Shifrin A, Busseniers AE, Lupo MA, Manganelli ML, Andruss 
B, Wylie D & Beaudenon-Huibregtse S 2015 Molecular testing for 
miRNA, mRNA, and DNA on fine-needle aspiration improves the 
preoperative diagnosis of thyroid nodules with indeterminate 
cytology. Journal of Clinical Endocrinology and Metabolism 100  
2743–2750. (doi:10.1210/jc.2015-1158)

Leiker AJ, Yen TW, Cheung K, Evans DB & Wang TS 2013 Cost analysis 
of thyroid lobectomy and intraoperative frozen section versus total 
thyroidectomy in patients with a cytologic diagnosis of ‘suspicious 
for papillary thyroid cancer’. Surgery 154 1307–1313; discussion 
1313–1304. (doi:10.1016/j.surg.2013.06.031)

Lewis BD, Hay ID, Charboneau JW, McIver B, Reading CC & Goellner JR 
2002 Percutaneous ethanol injection for treatment of cervical lymph 
node metastases in patients with papillary thyroid carcinoma. American 
Journal of Roentgenology 178 699–704. (doi:10.2214/ajr.178.3.1780699)

Liu R & Xing M 2014 Diagnostic and prognostic TERT promoter 
mutations in thyroid fine-needle aspiration biopsy. Endocrine-Related 
Cancer 21 825–830. (doi:10.1530/ERC-14-0359)

Liu R & Xing M 2016 TERT promoter mutations in thyroid cancer. 
Endocrine-Related Cancer 23 R143–R155. (doi:10.1530/ERC-15-0472)

Lodewijk L, Prins AM, Kist JW, Valk GD, Kranenburg O, Rinkes IH & 
Vriens MR 2012 The value of miRNA in diagnosing thyroid cancer: a 
systematic review. Cancer Biomarkers 11 229–238.

Machens A, Holzhausen HJ & Dralle H 2005 The prognostic value of 
primary tumor size in papillary and follicular thyroid carcinoma. 
Cancer 103 2269–2273. (doi:10.1002/cncr.21055)

Mallick U, Harmer C, Yap B, Wadsley J, Clarke S, Moss L, Nicol A, Clark 
PM, Farnell K, McCready R, et al. 2012 Ablation with low-dose 
radioiodine and thyrotropin alfa in thyroid cancer. New England 
Journal of Medicine 366 1674–1685. (doi:10.1056/NEJMoa1109589)

Momesso DP & Tuttle RM 2014 Update on differentiated thyroid cancer 
staging. Endocrinology and Metabolism Clinics of North America 43 
401–421. (doi:10.1016/j.ecl.2014.02.010)

Momesso DP, Vaisman F, Yang SP, Bulzico DA, Corbo R, Vaisman M & 
Tuttle RM 2016 Dynamic risk stratification in patients with 
differentiated thyroid cancer treated without radioactive iodine. 

Journal of Clinical Endocrinology and Metabolism 101 2692–2700. 
(doi:10.1210/jc.2015-4290)

Moon HJ, Kwak JY, Kim MJ, Son EJ & Kim EK 2010 Can vascularity at 
power Doppler US help predict thyroid malignancy? Radiology 255 
260–269. (doi:10.1148/radiol.09091284)

Moon JH, Ahn S, Seo J, Han JW, Kim KM, Choi SH, Lim S, Park YJ, Park DJ, 
Kim KW, et al. 2014 The effect of long-term thyroid-stimulating 
hormone suppressive therapy on the cognitive function of elderly 
patients with differentiated thyroid carcinoma. Journal of Clinical 
Endocrinology and Metabolism 99 3782–3789. (doi:10.1210/jc.2013-4454)

Mosci C & Iagaru A 2011 PET/CT imaging of thyroid cancer. Clinical 
Nuclear Medicine 36 e180–e185. (doi:10.1097/
RLU.0b013e3182291d03)

Naing S, Collins BJ & Schneider AB 2009 Clinical behavior of radiation-
induced thyroid cancer: factors related to recurrence. Thyroid 19 
479–485. (doi:10.1089/thy.2008.0343)

Nikiforov YE, Ohori NP, Hodak SP, Carty SE, LeBeau SO, Ferris RL, Yip L, 
Seethala RR, Tublin ME, Stang MT, et al. 2011 Impact of mutational 
testing on the diagnosis and management of patients with 
cytologically indeterminate thyroid nodules: a prospective analysis 
of 1056 FNA samples. Journal of Clinical Endocrinology and Metabolism 
96 3390–3397. (doi:10.1210/jc.2011-1469)

Nikiforov YE, Carty SE, Chiosea SI, Coyne C, Duvvuri U, Ferris RL, 
Gooding WE, LeBeau SO, Ohori NP, Seethala RR, et al. 2015 Impact 
of the multi-gene ThyroSeq next-generation sequencing assay on 
cancer diagnosis in thyroid nodules with atypia of undetermined 
significance/follicular lesion of undetermined significance cytology. 
Thyroid 25 1217–1223. (doi:10.1089/thy.2015.0305)

Nikiforov YE, Seethala RR, Tallini G, Baloch ZW, Basolo F, Thompson 
LD, Barletta JA, Wenig BM, Al Ghuzlan A, Kakudo K, et al. 2016 
Nomenclature revision for encapsulated follicular variant of papillary 
thyroid carcinoma: a paradigm shift to reduce overtreatment of 
indolent tumors. JAMA Oncology 2 1023–1029. (doi:10.1001/
jamaoncol.2016.0386)

Pacini F, Schlumberger M, Dralle H, Elisei R, Smit JW, Wiersinga W & 
European Thyroid Cancer Taskforce 2006 European consensus for 
the management of patients with differentiated thyroid carcinoma 
of the follicular epithelium. European Journal of Endocrinology 154 
787–803. (doi:10.1530/eje.1.02158)

Peng Y, Li C, Luo DC, Ding JW, Zhang W & Pan G 2014 Expression 
profile and clinical significance of microRNAs in papillary thyroid 
carcinoma. Molecules 19 11586–11599. (doi:10.3390/
molecules190811586)

Perros P, Boelaert K, Colley S, Evans C, Evans RM, Gerrard Ba G, Gilbert 
J, Harrison B, Johnson SJ, Giles TE, et al. 2014 Guidelines for the 
management of thyroid cancer. Clinical Endocrinology 81 
(Supplement 1) 1–122. (doi:10.1111/cen.12515)

Pinto AE, Silva GL, Henrique R, Menezes FD, Teixeira MR, Leite V & 
Cavaco BM 2014 Familial vs sporadic papillary thyroid carcinoma: a 
matched-case comparative study showing similar clinical/prognostic 
behaviour. European Journal of Endocrinology 170 321–327. 
(doi:10.1530/EJE-13-0865)

Ramsey S, Blough D, Kirchhoff A, Kreizenbeck K, Fedorenko C, Snell K, 
Newcomb P, Hollingworth W & Overstreet K 2013 Washington State 
cancer patients found to be at greater risk for bankruptcy than 
people without a cancer diagnosis. Health Affairs 32 1143–1152. 
(doi:10.1377/hlthaff.2012.1263)

Remonti LR, Kramer CK, Leitao CB, Pinto LC & Gross JL 2015 Thyroid 
ultrasound features and risk of carcinoma: a systematic review and 
meta-analysis of observational studies. Thyroid 25 538–550. 
(doi:10.1089/thy.2014.0353)

Robenshtok E, Fish S, Bach A, Dominguez JM, Shaha A & Tuttle RM 
2012 Suspicious cervical lymph nodes detected after thyroidectomy 
for papillary thyroid cancer usually remain stable over years in 
properly selected patients. Journal of Clinical Endocrinology and 
Metabolism 97 2706–2713. (doi:10.1210/jc.2012-1553)

http://dx.doi.org/10.1530/ERC-16-0432
http://dx.doi.org/10.1089/thy.2013.0367
http://dx.doi.org/10.1089/thy.2015.0375
http://dx.doi.org/10.1210/jc.2013-2503
http://dx.doi.org/10.1210/jc.2013-2503
http://dx.doi.org/10.1200/JCO.2013.49.1043
http://dx.doi.org/10.1210/jc.2011-0494
http://dx.doi.org/10.1210/jc.2015-3100
http://dx.doi.org/10.1210/jc.2015-1158
http://dx.doi.org/10.1016/j.surg.2013.06.031
http://dx.doi.org/10.2214/ajr.178.3.1780699
http://dx.doi.org/10.1530/ERC-14-0359
http://dx.doi.org/10.1530/ERC-15-0472
http://dx.doi.org/10.1002/cncr.21055
http://dx.doi.org/10.1056/NEJMoa1109589
http://dx.doi.org/10.1016/j.ecl.2014.02.010
http://dx.doi.org/10.1210/jc.2015-4290
http://dx.doi.org/10.1148/radiol.09091284
http://dx.doi.org/10.1210/jc.2013-4454
http://dx.doi.org/10.1097/RLU.0b013e3182291d03
http://dx.doi.org/10.1097/RLU.0b013e3182291d03
http://dx.doi.org/10.1089/thy.2008.0343
http://dx.doi.org/10.1210/jc.2011-1469
http://dx.doi.org/10.1089/thy.2015.0305
http://dx.doi.org/10.1001/jamaoncol.2016.0386
http://dx.doi.org/10.1001/jamaoncol.2016.0386
http://dx.doi.org/10.1530/eje.1.02158
http://dx.doi.org/10.3390/molecules190811586
http://dx.doi.org/10.3390/molecules190811586
http://dx.doi.org/10.1111/cen.12515
http://dx.doi.org/10.1530/EJE-13-0865
http://dx.doi.org/10.1377/hlthaff.2012.1263
http://dx.doi.org/10.1089/thy.2014.0353
http://dx.doi.org/10.1210/jc.2012-1553


R26Review F Nabhan and M D Ringel Thyroid cancer guidelines
En

d
o

cr
in

e-
R

el
at

ed
 C

an
ce

r

DOI: 10.1530/ERC-16-0432
http://erc.endocrinology-journals.org © 2017 Society for Endocrinology

Printed in Great Britain
Published by Bioscientifica Ltd.

24:2

Rondeau G, Fish S, Hann LE, Fagin JA & Tuttle RM 2011 
Ultrasonographically detected small thyroid bed nodules identified 
after total thyroidectomy for differentiated thyroid cancer seldom 
show clinically significant structural progression. Thyroid 21  
845–853. (doi:10.1089/thy.2011.0011)

Russ G, Royer B, Bigorgne C, Rouxel A, Bienvenu-Perrard M & Leenhardt 
L 2013 Prospective evaluation of thyroid imaging reporting and data 
system on 4550 nodules with and without elastography. European 
Journal of Endocrinology 168 649–655. (doi:10.1530/EJE-12-0936)

Samuel AM, Rajashekharrao B & Shah DH 1998 Pulmonary metastases 
in children and adolescents with well-differentiated thyroid cancer. 
Journal of Nuclear Medicine 39 1531–1536.

Schlumberger M, Catargi B, Borget I, Deandreis D, Zerdoud S, Bridji B, 
Bardet S, Leenhardt L, Bastie D, Schvartz C, et al. 2012 Strategies of 
radioiodine ablation in patients with low-risk thyroid cancer. New 
England Journal of Medicine 366 1663–1673. (doi:10.1056/
NEJMoa1108586)

Steele SR, Martin MJ, Mullenix PS, Azarow KS & Andersen CA 2005 The 
significance of incidental thyroid abnormalities identified during 
carotid duplex ultrasonography. Archives of Surgery 140 981–985. 
(doi:10.1001/archsurg.140.10.981)

Stokowy T, Wojtas B, Jarzab B, Krohn K, Fredman D, Dralle H, Musholt 
T, Hauptmann S, Lange D, Hegedus L, et al. 2016 Two-miRNA 
classifiers differentiate mutation-negative follicular thyroid 
carcinomas and follicular thyroid adenomas in fine needle 
aspirations with high specificity. Endocrine 54 440–447. (doi:10.1007/
s12020-016-1021-7)

Sugitani I, Toda K, Yamada K, Yamamoto N, Ikenaga M & Fujimoto Y 
2010 Three distinctly different kinds of papillary thyroid 
microcarcinoma should be recognized: our treatment strategies and 
outcomes. World Journal of Surgery 34 1222–1231. (doi:10.1007/
s00268-009-0359-x)

Suman P, Wang CH, Abadin SS, Block R, Raghavan V, Moo-Young TA, 
Prinz RA & Winchester DJ 2016 Timing of radioactive iodine therapy 
does not impact overall survival in high-risk papillary thyroid 
carcinoma. Endocrine Practices 22 822–831. (doi:10.4158/EP151088.
OR)

Tsirona S, Vlassopoulou V, Tzanela M, Rondogianni P, Ioannidis G, 
Vassilopoulos C, Botoula E, Trivizas P, Datseris I & Tsagarakis S 2014 
Impact of early vs late postoperative radioiodine remnant ablation 

on final outcome in patients with low-risk well-differentiated 
thyroid cancer. Clinical Endocrinology 80 459–463. (doi:10.1111/
cen.12301)

Tuttle RM, Leboeuf R, Robbins RJ, Qualey R, Pentlow K, Larson SM & 
Chan CY 2006 Empiric radioactive iodine dosing regimens 
frequently exceed maximum tolerated activity levels in elderly 
patients with thyroid cancer. Journal of Nuclear Medicine 47  
1587–1591.

Tuttle RM, Tala H, Shah J, Leboeuf R, Ghossein R, Gonen M, Brokhin M, 
Omry G, Fagin JA & Shaha A 2010 Estimating risk of recurrence in 
differentiated thyroid cancer after total thyroidectomy and 
radioactive iodine remnant ablation: using response to therapy 
variables to modify the initial risk estimates predicted by the new 
American Thyroid Association staging system. Thyroid 20  
1341–1349. (doi:10.1089/thy.2010.0178)

Udelsman R & Zhang Y 2014 The epidemic of thyroid cancer in the 
United States: the role of endocrinologists and ultrasounds. Thyroid 
24 472–479. (doi:10.1089/thy.2013.0257)

Urken ML, Milas M, Randolph GW, Tufano R, Bergman D, Bernet V, 
Brett EM, Brierley JD, Cobin R, Doherty G, et al. 2015 Management 
of recurrent and persistent metastatic lymph nodes in well-
differentiated thyroid cancer: a multifactorial decision-making guide 
for the Thyroid Cancer Care Collaborative. Head and Neck 37  
605–614. (doi:10.1002/hed.23615)

Wang LY, Smith AW, Palmer FL, Tuttle RM, Mahrous A, Nixon IJ, Patel 
SG, Ganly I, Fagin JA & Boucai L 2015a Thyrotropin suppression 
increases the risk of osteoporosis without decreasing recurrence in 
ATA low- and intermediate-risk patients with differentiated thyroid 
carcinoma. Thyroid 25 300–307. (doi:10.1089/thy.2014.0287)

Wang X, Cheng W, Li J, Su A, Wei T, Liu F & Zhu J 2015b Endocrine 
tumours: familial nonmedullary thyroid carcinoma is a more 
aggressive disease: a systematic review and meta-analysis. European 
Journal of Endocrinology 172 R253–R262. (doi:10.1530/EJE-14-0960)

Wylie D, Beaudenon-Huibregtse S, Haynes BC, Giordano TJ & Labourier 
E 2016 Molecular classification of thyroid lesions by combined 
testing for miRNA gene expression and somatic gene alterations. 
Journal of Pathology: Clinical Research 2 93–103. (doi:10.1002/cjp2.38)

Youserm DM, Huang T, Loevner LA & Langlotz CP 1997 Clinical and 
economic impact of incidental thyroid lesions found with CT and 
MR. American Society of Neuroradiology 18 1423–1428.

Received in final form 9 December 2016
Accepted 13 December 2016
Accepted Preprint published online 13 December 2016

http://dx.doi.org/10.1530/ERC-16-0432
http://dx.doi.org/10.1089/thy.2011.0011
http://dx.doi.org/10.1530/EJE-12-0936
http://dx.doi.org/10.1056/NEJMoa1108586
http://dx.doi.org/10.1056/NEJMoa1108586
http://dx.doi.org/10.1001/archsurg.140.10.981
http://dx.doi.org/10.1007/s12020-016-1021-7
http://dx.doi.org/10.1007/s12020-016-1021-7
http://dx.doi.org/10.1007/s00268-009-0359-x
http://dx.doi.org/10.1007/s00268-009-0359-x
http://dx.doi.org/10.4158/EP151088.OR
http://dx.doi.org/10.4158/EP151088.OR
http://dx.doi.org/10.1111/cen.12301
http://dx.doi.org/10.1111/cen.12301
http://dx.doi.org/10.1089/thy.2010.0178
http://dx.doi.org/10.1089/thy.2013.0257
http://dx.doi.org/10.1002/hed.23615
http://dx.doi.org/10.1089/thy.2014.0287
http://dx.doi.org/10.1530/EJE-14-0960
http://dx.doi.org/10.1002/cjp2.38

	Abstract
	Introduction
	Thyroid nodule: to perform FNA or not to perform FNA?
	Thyroid nodule: indeterminate FNA cytology results and molecular diagnostics
	Thyroid cancer: surgical questions
	Radioactive iodine: to treat or not to treat?
	Dynamic stratification
	Cervical nodal metastases: to remove or to observe?
	Conclusion and reflection
	Declaration of interest
	Funding
	References

