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A 40-year-old woman presents with a thyroid nodule, 2.0 cm by 2.0 cm on palpation. 
The nodule, located on the right side of the gland, was found on routine physical 
examination. She has no history of childhood radiation exposure or family history of 
thyroid abnormalities. She reports no symptoms of nervousness, weight loss, palpita-
tion, fatigue, or neck discomfort. Ultrasonography confirms a thyroid nodule, 2.0 cm 
by 2.0 cm by 2.5 cm (volume, 5.23 cm3), on the right side of the gland that does not 
have ultrasonographic characteristics associated with an increased risk of cancer; 
there is no cervical adenopathy. How should her case be managed?

The Clinic a l Problem

Palpable thyroid nodules occur in approximately 4 to 7% of the 
population, but only about 8 to 16% of thyroid nodules harbor thyroid can-
cer.1-6 Ultrasonography of the thyroid is more sensitive than palpation and 

detects thyroid nodules in 19 to 67% of the population among persons without 
suspected thyroid disease7; in one study, ultrasonography revealed nodules in 67 of 
100 asymptomatic persons (22 of those screened had a solitary nodule and 45 had 
multiple nodules).8

The differential diagnosis of an apparent thyroid nodule includes thyroidal and 
nonthyroidal conditions. Subacute thyroiditis and chronic lymphocytic thyroiditis 
may result in a nodular appearance; in rare cases, infiltrative disorders (e.g., hemo-
chromatosis) or a metastatic tumor, parathyroid cyst, lipoma, or paraganglioma 
can mimic a thyroid nodule.9 Risk factors for thyroid cancer10-14 are reviewed in 
Table 1; the frequency of nodules increases with age.1 The natural history of thy-
roid nodules is variable, but the majority of benign nodules remain relatively stable 
in size.15 In a prospective, multicenter, observational study involving 992 patients 
who had a thyroid nodule with benign cytologic findings on fine-needle aspiration 
and who were followed for 5 years, 15% of patients had an increase in nodule size 
(mean change in the largest diameter, 4.9 mm), and 19% had a decrease.15 Thyroid 
cancer was identified in five (0.3%) of the original nodules, of which only two had 
increased in size.

S tr ategies a nd E v idence

Pertinent History and Physical Examination

Figure 1 provides an algorithm to address thyroid nodules. An appropriate history 
includes questions relating to a history of head or neck irradiation and a family 
history of thyroid cancer. Rapid growth of a thyroid nodule may suggest the pres-
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ence of a thyroid cancer, although it may also 
occur from hemorrhage into a benign thyroid 
nodule or cyst.

Recent onset of hoarseness may be due to 
tumor invasion of the recurrent laryngeal nerve. 
Dysphagia or anterior neck discomfort may 
suggest a malignant nodule, although these 
symptoms may also occur with a benign nodule. 
A family or personal history of thyroid cancer, 
breast cancer, or colon cancer may suggest 
Cowden’s syndrome,16 as may a history of skin, 
tongue, or mucosal small nodules (i.e., hamarto-
mas) or of macrocephaly.16 In rare cases, a thy-
roid nodule may reflect one of the hereditary 
nonmedullary thyroid cancer syndromes such as 
familial adenomatous polyposis, Werner’s syn-
drome, Carney complex type 1, or Gardner’s 
syndrome.17,18 A history of papillary thyroid can-
cer in at least one first-degree family member is 
associated with an increased risk of a nodule 
being malignant.19-21

Physical examination should focus on the 

thyroid gland and the lateral and central neck 
and should assess for supraclavicular and sub-
mandibular adenopathy. Nodules that are firm 
or immobile are more likely to harbor cancer 
than those that are soft or mobile. Large, firm 
cervical nodes ipsilateral to the thyroid nodule 
should suggest the possibility of local metasta-
ses from thyroid cancer.

Laboratory Studies

Serum thyrotropin levels should be measured 
routinely in a person with a thyroid nodule. A low 

Key Clinical Points

Thyroid Nodules

•	 Thyroid nodules are common; the majority are benign.
•	 Thyroid ultrasonographic characteristics and especially the results of ultrasonographically guided fine-

needle aspiration are helpful in determining whether a nodule is likely to be benign or malignant.
•	 The risk of cancer is approximately 14% for a thyroid nodule that is interpreted as atypia of 

undetermined significance or follicular lesion of undetermined significance and approximately 25% for 
a nodule that is interpreted as follicular neoplasm or possible follicular neoplasm. Such nodules should 
be considered for molecular analysis.

•	 In the absence of growth or suspicious clinical or radiologic findings, thyroid nodules with a benign 
finding on fine-needle aspiration can be managed by observation.

•	 Patients whose fine-needle aspirates are interpreted as “suspicious for malignancy” or as malignant 
should be referred for a thyroidectomy.

History of differentiated thyroid cancer in at least one first-degree relative

History of external-beam radiation or exposure to ionizing radiation as a child 
or adolescent

Prior tissue or cytologic diagnosis of thyroid carcinoma

Male sex

Focal uptake of 18F-fluorodeoxyglucose by the thyroid

Personal or family history of multiple endocrine neoplasia type 2 or familial 
medullary thyroid cancer

Serum calcitonin level >50 to 100 pg/ml

Residence near a nuclear-reactor accident

*	�Adapted with permission from the American Thyroid Association (ATA) guidelines.4

Table 1. Clinical Findings Associated with an Increased Risk That a Thyroid 
Nodule Is Malignant.*

Figure 1 (facing page). Algorithm for Evaluation  
of Thyroid Nodules.

This algorithm is devised mainly for thyroid nodules 
1 cm or larger in greatest dimension and is for general 
application; decision making depends on clinical and 
radiologic-imaging risk stratification. The 2015 Ameri-
can Thyroid Association guidelines13 recommend fine-
needle aspiration (FNA) for nodules 1 cm or larger with 
a high- or intermediate-suspicion pattern on sonogra-
phy, nodules 1.5 cm or larger with a low-suspicion pat-
tern on sonography, and nodules 2 cm or larger with 
a very-low-suspicion pattern on sonography. Cervical 
lymph nodes with suspicious features should be aspi-
rated.13 In a multinodular gland, nodules 1 cm or larger 
carry an independent risk of cancer, and the same recom-
mendations apply regarding when to perform FNA.13 If 
a gene-expression classifier suggests a benign lesion 
in a patient with a low suspicion for cancer, the patient 
can usually be monitored closely; if the findings of the 
gene-expression classifier are suspicious, the risk of 
cancer depends on many factors, including the pretest 
probability of cancer. In this case, the decision for sur-
gery or monitoring must take into account the entire 
clinical context. In a patient who has a nodule that has 
a high suspicion of being cancerous, if specific muta-
tions (e.g., BRAF or RAS mutations) are present, a total 
thyroidectomy is recommended; if no specific mutations 
are noted, the decision for a thyroidectomy or monitor-
ing depends on the entire clinical context.
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or undetectable level suggests a hyperfunction-
ing nodule. In a euthyroid patient, routine mea-
surement of thyroid peroxidase or thyroglobulin 
antibodies is not indicated.4 Serum thyroglobulin 
measurement is not useful in evaluating a nodule. 

Routine measurement of serum calcitonin has 
been suggested for the early detection of medul-
lary thyroid carcinoma but is not recommended 
in the American Thyroid Association (ATA) guide-
lines.4,13,22-24

History taking, physical examination, measurement of thyrotropin level,
ultrasonography

Thyroid nodules found clinically or incidentally on imaging

Elevated or normal
thyrotropin 

Hyperfunctioning noduleNonfunctioning nodule

Low thyrotropin

Repeat FNA with
ultrasonographic guidance

Repeat ultrasonography in 1–2 yr
If suspicious ultrasonographic characteristics 

or relevant history or physical examination 
findings, repeat ultrasonography in 6–12 mo

If >50% change in volume, ≥20% increase in
at least two nodule dimensions, or
appearance of new suspicious ultra-
sonographic characteristics, repeat FNA

If suspicion is low, use gene-expression classifier

If suspicion is high, check for molecular
abnormalities (e.g., mutations or rearrangements)

Thyroidectomy or lobectomy is preferred
Offer alternative of molecular testing

Iodine-123 or technetium-99m
thyroid scanning

Measure free thyroxine
and total triiodothyronine

If elevated, treat for
hyperthyroidism

Nondiagnostic

Suspicious for malignancy

Malignant

Thyroidectomy

Benign

Follicular neoplasm or 
suspicious for a follicular 

neoplasm

Atypia of undetermined 
significance or follicular lesion
of undetermined significance

FNA in nodules ≥1 cm
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 Imaging Studies
All patients should undergo ultrasonography of 
the thyroid to document the number, size, and 
characteristics of thyroid nodules and to assess 
for the presence of cervical lymphadenopathy.4

Ultrasonographic nodular features that may sug-
gest cancer25,26 are shown in Figure 2, and in 
Figure S1 and Table S1 in the Supplementary 
Appendix, available with the full text of this 
article at NEJM.org. Additional imaging (e.g., 
magnetic resonance imaging or computed tomog-
raphy) is not routinely indicated except when 
features of aggressive thyroid cancer (e.g., ex-

tensive adenopathy or tracheal invasion) are 
suggested. A radioisotopic (iodine-123 or tech-
netium-99m) scan with measurement of radio-
isotope uptake to confirm autonomous function 
is indicated only if the thyrotropin level is sup-
pressed.

 Fine-Needle Aspiration of the Thyroid

Fine-needle aspiration, preferably performed un-
der ultrasonographic guidance, is the most sen-
sitive and cost-effective method to assess the 
nature of thyroid nodules and the need for sur-
gery.27 The number of needle passes recom-

Figure 2. Ultrasonographic Images of Thyroid Nodules.

Panel A shows a papillary thyroid carcinoma with hypoechogenicity. The other panels show nodular features that 
raise suspicion for cancer. Panel B shows a thyroid nodule with blurred or indistinct margins. Panel C shows a nodule 
that is higher (2.5 cm) than it is wide (1.6 cm). Panel D shows a nodule with microcalcifications.
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mended is two to five.28 Immediate cytologic 
evaluation is helpful to ensure adequate speci-
mens. The 2015 ATA guidelines13 (Table S1 in 
the Supplementary Appendix) recommend fine-
needle aspiration for nodules 1 cm or larger 
in  the greatest dimension that have a high- or 
intermediate-suspicion pattern on sonography, 
nodules 1.5 cm or larger that have a low-suspi-
cion pattern on sonography, and nodules 2 cm 
or larger that have a very-low-suspicion pattern 
on sonography. Cervical lymph nodes with sus-
picious features should be aspirated.13 In a multi-
nodular gland, nodules 1 cm or larger carry an 
independent risk of cancer, and the same recom-
mendations apply regarding when to perform 
fine-needle aspiration.13

Fine-needle aspiration samples should be in-
terpreted by an experienced cytologist according 
to the Bethesda classification system29 (Fig.  3 
and Table 2). If the cytologic findings are inter-
preted as nondiagnostic, fine-needle aspiration 
should be repeated within 1 to 2 months in an 
effort to obtain sufficient cells for a more de-
finitive diagnosis. A benign cytologic interpreta-
tion indicates a low likelihood of cancer and 
generally does not require repeat fine-needle 
aspiration unless suspicious features (e.g., increas-
ing nodular size or enlarging cervical adenopa-
thy) are noted during monitoring.13,31 However, 
false negative cytologic results occur in approxi-
mately 5 to 10% of cases overall, with higher 
rates reported for large nodules (11.7% for nod-
ules ≥3 cm vs. 4.8% for those <3 cm) (see the 
Management section, below).30-32 Nodules with 
cytologic findings that are interpreted as malig-
nant or “suspicious for malignancy” have a 94 to 
100% and 53 to 97% chance, respectively, of 
being malignant (usually papillary thyroid can-
cer)13,30 (Table 2). Indeterminate nodules present 
a special problem in management.

Molecular Analysis of Thyroid Fine-Needle 
Aspiration

Molecular analysis (in a laboratory that is ac-
credited by the College of American Pathologists 
and certified according to the Clinical Labora-
tory Improvement Amendments) should be con-
sidered in the case of thyroid fine-needle aspira-
tion results that are interpreted as atypia of 
undetermined significance or follicular lesion 
of undetermined significance (AUS/FLUS) or fol-
licular neoplasm or suspicious for a follicular 
neoplasm (FN/SFN). Patients with cytologic re-

sults interpreted as “suspicious for malignancy” 
should, in general, be referred directly for thy-
roid lobectomy or total thyroidectomy. One mo-
lecular approach is to analyze the specimen by 
means of a gene-expression classifier to rule out 
cancer. In a report that assessed messenger RNA 
expression of 167 genes from fine-needle aspira-
tion samples from nodules 1 cm or larger in 
diameter that were interpreted as indeterminate, 
the negative predictive value of the gene-expres-
sion classifier was 95% for AUS/FLUS and 94% 
for FN/SFN, and the positive predictive value was 
38% for AUS/FLUS and 37% for FN/SFN.33 These 
results suggest that, in general, patients with 
AUS/FLUS or FN/SFN whose results are negative 
on this molecular analysis can reasonably be 
monitored without immediate thyroidectomy.

An alternative molecular approach is to di-
rectly assess the fine-needle aspirate for specific 
genetic abnormalities associated with thyroid can-
cer (including BRAF and RAS mutations, RET/PTC 
translocation and TERT promoter mutations for 
papillary thyroid cancer, and RAS and PIK3A mu-
tations and PAX8–PPARγ translocation for follic-
ular thyroid cancer).12,34 When applied to nod-
ules interpreted as AUS/FLUS or FN/SFN, 
mutational analysis indicates cancer in approxi-
mately 20 to 40% of fine-needle aspiration 
samples, with a positive predictive value of 87 to 
88% and a negative predictive value of 86 to 
94%.12,35 If the sample is positive for a BRAF mu-
tation, the chance of cancer is close to 100%,36 
and if the sample is positive for a RAS mutation, 
the chance of cancer is 80 to 90%.12 A muta-
tional analysis may be helpful in the case of 
nodules classified as “suspicious for malignan-
cy” to confirm the diagnosis and to aid in surgi-
cal planning (i.e., lobectomy vs. total thyroidec-
tomy, with or without central lymph-node 
dissection), although data are lacking to deter-
mine the effect of this additional information on 
outcomes. Adding to the complexity of manage-
ment, the interpretation of a thyroid fine-needle 
aspiration may be poorly reproducible between 
cytologists,37 and the most effective use of mo-
lecular testing remains uncertain.

Management

Although the cornerstone of the management 
of a thyroid nodule is the cytologic findings on 
fine-needle aspiration, these findings should 
be considered in the context of the clinical and 
ultrasonographic findings. When a sample is 
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Figure 3. Thyroid Fine-Needle Aspiration Specimens.

The figure shows nodules in five different categories of the Bethesda System for Reporting Thyroid Cytopathology.29 
Panel A shows a benign nodule. The thyroid follicular cells are evenly spaced and have a small and uniform nuclear 
size. Panel B shows atypia of undetermined significance. In an otherwise benign aspirate, rare groups of follicular 
cells show nuclear enlargement. The patient underwent a thyroidectomy, and final pathological analysis showed 
 benign nodular hyperplasia. Panel C shows a follicular neoplasm. Smears contain a cellular aspirate with only scant 
colloid. The follicular cells are of normal size but form microfollicles (abnormal architecture). Final pathological 
analysis showed follicular adenoma. Panel D shows a nodule “suspicious for malignancy” (papillary carcinoma). 
 Aspirate shows some features of papillary carcinoma, such as hypercellularity, nuclear enlargement, hyperchroma-
sia, and an increased nuclear-to-cytoplasmic ratio. However, no definitive nuclear pseudoinclusions were identified. 
Thyroidectomy was performed, and the final pathological analysis showed a follicular variant of papillary carcinoma. 
Panel E shows a malignant nodule (papillary carcinoma). Smears show a cellular aspirate with numerous abnormal 
follicular cells containing enlarged hyperchromatic nuclei. Nuclear pseudoinclusions are present (arrow).
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adequate and is evaluated by an experienced 
cytologist who documents a benign finding on 
fine-needle aspiration and there are no suspi-
cious clinical or ultrasonographic findings, we 
generally recommend repeat ultrasonography in 
1 to 2 years (assuming that no apparent growth 
or concerning clinical findings are noted earlier). 
A recent study involving follow-up of more than 
2000 cytologically benign nodules, however, sug-
gested that a longer time interval of 2 to 4 years 
may be reasonable.38 For cases with suspicious 
sonographic features, an indeterminate fine-
needle aspirate, or relevant adverse clinical his-
tory or physical examination findings, it is rea-
sonable to perform repeat imaging earlier, in 
6  to 12 months. If there is evidence of nodule 
growth (>50% change in volume or ≥20% in-
crease in at least two nodule dimensions with an 
increase of ≥2 mm), a repeat fine-needle aspira-
tion is recommended.4 It is important to mea-
sure all three nodule dimensions, to calculate 
the nodule volume, and to compare the results 
with those of the previous and initial ultrasono-
grams.

When evaluation has failed to achieve a de-
finitive characterization of the nodule as either 
benign or malignant, management options in-
clude either continued close monitoring or a 
thyroidectomy. There is no role for thyroid hor-
mone treatment for a biochemically euthyroid 
patient who has a benign nodule.

A total thyroidectomy is generally recom-
mended in the following situations: the nodule 
has a specific oncogene abnormality with a high 
positive predictive value for cancer (e.g., BRAF 
mutation); the fine-needle aspirate is interpreted 
as malignant or “suspicious for malignancy”; 
there is bilateral nodular disease with an indica-
tion for surgery in at least one nodule; there is a 
history of radiation to the head or neck during 
childhood or adolescence or a family history of 
thyroid cancer; or the nodule is larger than 4 cm 
in diameter. Total thyroidectomy should also be 
considered in patients who do not meet any of 
these criteria but who have clinically significant 
cardiorespiratory disease or other coexisting 
conditions, in order to avoid the possible need 
for a second procedure (completion thyroidec-
tomy). Total thyroidectomy is best performed by 
an experienced thyroid surgeon in a comprehen-
sive care medical center.39 When patients undergo 
total thyroidectomy, they incur small risks of 

permanent hypocalcemia (approximately 0.2 to 
1.9%) and voice change owing to damage to the 
recurrent laryngeal nerve (0.4%).39,40 Lifelong 
exogenous levothyroxine therapy (with periodic 
monitoring) is required in all patients who have 
undergone a total thyroidectomy as well as in 
many patients who have undergone thyroid lo-
bectomy.41

A r e a s of Uncerta in t y

Although the ATA guidelines recommend fine-
needle aspiration only for nodules that are 1 to 
2 cm or larger in the greatest dimension, further 
evaluation of smaller nodules may be warranted 
in the presence of suspicious ultrasonographic 
or clinical findings,13 although it is not known 
whether this approach results in improved 
outcomes. Whether large thyroid nodules (e.g., 
>4 cm) should be considered for surgery even in 
the context of a benign finding on fine-needle 
aspiration is controversial. In one report,42 the 
risk of cancer (mainly papillary thyroid cancer) 
did not increase consistently with increasing nod-
ule size, although among malignant nodules, the 
proportion with follicular cancer increased with 
nodule size. However, a study of a series of pa-
tients with nodules 4 cm or larger who were 

Diagnostic Category† Percent Risk of Cancer‡

median (range)

Nondiagnostic or unsatisfactory 20 (9–32)

Benign 2.5 (1–10)

Atypia of undetermined significance or follicular 
lesion of undetermined significance

14 (6–48)

Follicular neoplasm or suspicious for a follicular 
neoplasm

25 (14–34)

Suspicious for malignancy 70 (53–97)

Malignant 99 (94–100)

*	�Adapted with permission from the 2015 ATA guidelines.13

†	�The categories are those of the Bethesda System for Reporting Thyroid Cyto
pathology.29

‡	�Values are based on the meta-analysis of eight studies reported by Bongio
vanni et al.30 The risk was calculated on the basis of the number of nodules  
in each diagnostic category that were surgically excised, and the time between 
thyroid fine-needle aspiration and surgery can vary among individual cases 
and among studies. In our review of the published literature, the false nega-
tive rate of a nodule with a benign finding on fine-needle aspiration is about  
5 to 10%.30-32 The false negative rate of a thyroid fine-needle aspiration de-
pends on multiple factors, including the adequacy of the sample obtained,  
the experience of the cytologist, and the size of the nodule.

Table 2. Diagnostic Categories of Thyroid Nodules and Risk of Cancer.*
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undergoing fine-needle aspiration and surgery 
suggested that larger nodules were associated 
with an increased risk of cancer, even in the ab-
sence of suspicious ultrasonographic features.43

For nodules that are cytologically indetermi-
nate on biopsy, questions remain regarding 
whether to perform molecular analysis and 
which molecular test to use in various circum-
stances. The use of next-generation sequenc-
ing or whole-genome sequencing, including the 
use of microRNA, has been proposed as a 
means of better distinguishing between benign 
and malignant nodules,44,45 but more data are 
needed to inform the role of these methods in 
practice.

For thyroid nodules with benign findings on 
fine-needle aspiration, there is uncertainty re-
garding the appropriate frequency of follow-up 
ultrasonography; whether repeat fine-needle 
aspiration is indicated is also controversial, though 
this has been suggested for nodules with clini-
cally or sonographically suspicious features.46-48

Concern has been raised about the overdiag-
nosis and overtreatment of thyroid nodules and 
thyroid cancer and about the clinical signifi-
cance of incidentally discovered papillary micro-
carcinoma, which may have a biologically indo-
lent behavior.49 A case series showing favorable 
outcomes without surgical intervention among 
patients with small nodules without worrisome 
features, but suggestive or diagnostic of papil-
lary cancer on fine-needle aspiration, suggests 
that this approach may suffice in lieu of more 
aggressive management, although confirmatory 
data are needed.49,50

Guidelines

The ATA has published guidelines for the evalu-
ation and management of thyroid nodules, and 
these guidelines were updated recently.13 The 
guidelines suggest that molecular testing may be 
useful after consideration of clinical and radio-
logic findings and after a discussion with the 
patient regarding the advantages and disadvan-
tages of such an approach.13 The recommenda-
tions in the current article are generally concor-
dant with the ATA guidelines and with a separate 
set of guidelines from the American Association 
of Clinical Endocrinologists–Associazione Medici 
Endocrinologi–European Thyroid Association.24 
The latter guidelines differ from the ATA guide-

lines13 in recommendations for repeat fine-needle 
aspiration; largely on the basis of expert opinion, 
these guidelines suggest that repeat fine-needle 
aspiration may be performed in 6 to 18 months 
in selected patients who have an initial benign 
finding on fine-needle aspiration. These guide-
lines also suggest that on initial evaluation, 
nodules considered to be suspicious on histori-
cal or sonographic grounds should be consid-
ered for aspiration if they are less than 10 mm 
in diameter.24

Conclusions a nd 
R ecommendations

The discovery of a thyroid nodule, as in the 
woman described in the vignette, should prompt 
a careful history taking and physical examina-
tion, measurement of thyrotropin levels, and an 
ultrasonographic examination. Nodule size, clini-
cal context, and ultrasonographic characteristics 
guide the decision to perform fine-needle aspi-
ration. Fine-needle aspiration is indicated in the 
patient described in the vignette on the basis of 
the nodule size (≥2 cm in greatest dimension), 
even in the absence of suspicious characteristics; 
when suspicious ultrasonographic characteristics 
are present, fine-needle aspiration is recommend-
ed for nodules 1 cm or larger. The fine-needle 
aspirate should be interpreted by an experienced 
cytopathologist according to the Bethesda clas-
sification system.29 If the aspirate shows benign 
cytologic features, we would generally recom-
mend repeating thyroid ultrasonography in ap-
proximately 1 to 2 years to ensure that there has 
been no clinically significant growth. In the ab-
sence of growth or suspicious clinical or sono-
graphic findings, we would generally not repeat 
the thyroid fine-needle aspiration.

If the cytologic findings are indeterminate, a 
second review by an experienced cytologist may 
be useful; options for management include a 
repeat fine-needle aspiration in 6 to 12 months 
or mutational analysis or molecular profiling to 
better estimate the risk of cancer. In selected 
circumstances, surgery may be indicated. Al-
though long-term outcome trials are required to 
better inform the use of these ancillary tests, we 
would tend to use a gene-expression classifier 
(which has a high negative predictive value and 
high sensitivity) if there is low suspicion for can-
cer and to consider mutational analysis (which 
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has a high positive predictive value and high 
specificity) if the clinical or radiologic features 
raise suspicion for cancer and the likelihood of 
referral for thyroidectomy is higher. Alterna-
tively, the patient could proceed to diagnostic 
surgery, if she is uncomfortable with the uncer-
tainty associated with watchful waiting and de-
pending on her personal preferences. If further 
testing is performed but is inconclusive, diag-
nostic lobectomy is often reasonable; however, 
nodules with more suspicious findings on cyto-
logic analysis may justify total thyroidectomy, 

depending on the estimated risk of cancer, the 
experience and skill of the surgeon, and the 
patient’s preference.

Dr. Burman reports receiving honoraria from Medscape and 
grant support from Pfizer, Eisai, Amgen, and AstraZeneca; and 
Dr. Wartofsky, receiving fees for serving on advisory boards 
from Asuragen, IBSA/Akrimax Pharmaceuticals, and Eisai and 
lecture fees from Genzyme/Sanofi. No other potential conflict 
of interest relevant to this article was reported.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

We thank Dr. Athanasios Bikas for advice and editorial as-
sistance, Dr. Wen Lee for providing the cytologic images, and 
Dr. Alan Ost for providing the ultrasonographic images.

References
1.	 Hegedüs L. The thyroid nodule. N Engl 
J Med 2004;​351:​1764-71.
2.	 Tunbridge WM, Evered DC, Hall R,  
et al. The spectrum of thyroid disease in a 
community: the Whickham survey. Clin 
Endocrinol (Oxf) 1977;​7:​481-93.
3.	 Vander JB, Gaston EA, Dawber TR. 
The significance of nontoxic thyroid nod-
ules: final report of a 15-year study of the 
incidence of thyroid malignancy. Ann In-
tern Med 1968;​69:​537-40.
4.	 Cooper DS, Doherty GM, Haugen BR, 
et al. Revised American Thyroid Associa-
tion management guidelines for patients 
with thyroid nodules and differentiated 
thyroid cancer. Thyroid 2009;​19:​1167-214.
5.	 Yassa L, Cibas ES, Benson CB, et al. 
Long-term assessment of a multidisci-
plinary approach to thyroid nodule diag-
nostic evaluation. Cancer 2007;​111:​508-
16.
6.	 Mazzaferri EL. Thyroid cancer in thy-
roid nodules: finding a needle in the hay-
stack. Am J Med 1992;​93:​359-62.
7.	 Tan GH, Gharib H. Thyroid inciden-
talomas: management approaches to non-
palpable nodules discovered incidentally 
on thyroid imaging. Ann Intern Med 
1997;​126:​226-31.
8.	 Ezzat S, Sarti DA, Cain DR, Braun-
stein GD. Thyroid incidentalomas: preva-
lence by palpation and ultrasonography. 
Arch Intern Med 1994;​154:​1838-40.
9.	 Mazzaferri EL. Management of a soli-
tary thyroid nodule. N Engl J Med 1993;​
328:​553-9.
10.	 Sinnott B, Ron E, Schneider AB. Ex-
posing the thyroid to radiation: a review 
of its current extent, risks, and implica-
tions. Endocr Rev 2010;​31:​756-73.
11.	 Nagataki S, Takamura N. A review of 
the Fukushima nuclear reactor accident: 
radiation effects on the thyroid and strat-
egies for prevention. Curr Opin Endocri-
nol Diabetes Obes 2014;​21:​384-93.
12.	Nikiforov YE, Ohori NP, Hodak SP,  
et al. Impact of mutational testing on the 
diagnosis and management of patients 
with cytologically indeterminate thyroid 
nodules: a prospective analysis of 1056 

FNA samples. J Clin Endocrinol Metab 
2011;​96:​3390-7.
13.	 Haugen BR, Alexander EK, Bible KC, 
et al. 2015 American Thyroid Association 
Management Guidelines for Adult Pa-
tients with Thyroid Nodules and Differen-
tiated Thyroid Cancer. Thyroid 2015 Octo-
ber 15 (Epub ahead of print). 
14.	 Pacini F, Vorontsova T, Demidchik EP, 
et al. Post-Chernobyl thyroid carcinoma 
in Belarus children and adolescents: com-
parison with naturally occurring thyroid 
carcinoma in Italy and France. J Clin Endo-
crinol Metab 1997;​82:​3563-9.
15.	 Durante C, Costante G, Lucisano G,  
et al. The natural history of benign thyroid 
nodules. JAMA 2015;​313:​926-35.
16.	 Mester JL, Tilot AK, Rybicki LA, Fra-
zier TW II, Eng C. Analysis of prevalence 
and degree of macrocephaly in patients 
with germline PTEN mutations and of 
brain weight in Pten knock-in murine 
model. Eur J Hum Genet 2011;​19:​763-8.
17.	 Rowland KJ, Moley JF. Hereditary thy-
roid cancer syndromes and genetic testing. 
J Surg Oncol 2015;​111:​51-60.
18.	Gara SK, Jia L, Merino MJ, et al. 
Germline HABP2 mutation causing famil-
ial nonmedullary thyroid cancer. N Engl J 
Med 2015;​373:​448-55.
19.	 Lupoli G, Vitale G, Caraglia M, et al. 
Familial papillary thyroid microcarcino-
ma: a new clinical entity. Lancet 1999;​
353:​637-9.
20.	Nagy R, Ringel MD. Genetic predis-
position for nonmedullary thyroid cancer. 
Horm Cancer 2015;​6:​13-20.
21.	 Belfiore A, La Rosa GL, La Porta GA, 
et al. Cancer risk in patients with cold 
thyroid nodules: relevance of iodine in-
take, sex, age, and multinodularity. Am J 
Med 1992;​93:​363-9.
22.	Elisei R, Bottici V, Luchetti F, et al. 
Impact of routine measurement of serum 
calcitonin on the diagnosis and outcome 
of medullary thyroid cancer: experience 
in 10,864 patients with nodular thyroid 
disorders. J Clin Endocrinol Metab 2004;​
89:​163-8.
23.	Hodak SP, Burman KD. The calcito-

nin conundrum — is it time for routine 
measurement of serum calcitonin in pa-
tients with thyroid nodules? J Clin Endo-
crinol Metab 2004;​89:​511-4.
24.	Gharib H, Papini E, Paschke R, et al. 
American Association of Clinical Endocri-
nologists, Associazione Medici Endocri-
nologi, and European Thyroid Association 
medical guidelines for clinical practice for 
the diagnosis and management of thyroid 
nodules: executive summary of recom-
mendations. J Endocrinol Invest 2010;​33:​
Suppl:​51-6.
25.	 Tae HJ, Lim DJ, Baek KH, et al. Diag-
nostic value of ultrasonography to distin-
guish between benign and malignant le-
sions in the management of thyroid 
nodules. Thyroid 2007;​17:​461-6.
26.	Mandel SJ. Diagnostic use of ultraso-
nography in patients with nodular thyroid 
disease. Endocr Pract 2004;​10:​246-52.
27.	 Frates MC, Benson CB, Charboneau 
JW, et al. Management of thyroid nodules 
detected at US: Society of Radiologists in 
Ultrasound consensus conference state-
ment. Radiology 2005;​237:​794-800.
28.	Baloch ZW, Cibas ES, Clark DP, et al. 
The National Cancer Institute thyroid fine 
needle aspiration state of the science con-
ference: a summation. Cytojournal 2008;​
5:​6.
29.	 Cibas ES, Ali SZ. The Bethesda System 
For Reporting Thyroid Cytopathology. 
Am J Clin Pathol 2009;​132:​658-65.
30.	 Bongiovanni M, Spitale A, Faquin WC, 
Mazzucchelli L, Baloch ZW. The Bethesda 
System for Reporting Thyroid Cytopathol-
ogy: a meta-analysis. Acta Cytol 2012;​56:​
333-9.
31.	 Oertel YC, Miyahara-Felipe L, Mendoza 
MG, Yu K. Value of repeated fine needle 
aspirations of the thyroid: an analysis of 
over ten thousand FNAs. Thyroid 2007;​17:​
1061-6.
32.	Giles WH, Maclellan RA, Gawande 
AA, et al. False negative cytology in large 
thyroid nodules. Ann Surg Oncol 2015;​22:​
152-7.
33.	 Alexander EK, Kennedy GC, Baloch 
ZW, et al. Preoperative diagnosis of be-

The New England Journal of Medicine 
Downloaded from nejm.org at Banner Health Arizona on April 5, 2016. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 



n engl j med 373;24  nejm.org  December 10, 20152356

Clinical Pr actice

nign thyroid nodules with indeterminate 
cytology. N Engl J Med 2012;​367:​705-15.
34.	 Eszlinger M, Krogdahl A, Münz S,  
et al. Impact of molecular screening for 
point mutations and rearrangements in 
routine air-dried fine-needle aspiration 
samples of thyroid nodules. Thyroid 2014;​
24:​305-13.
35.	 Liu S, Gao A, Zhang B, et al. Assess-
ment of molecular testing in fine-needle 
aspiration biopsy samples: an experience 
in a Chinese population. Exp Mol Pathol 
2014;​97:​292-7.
36.	Cappola AR, Mandel SJ. Molecular 
testing in thyroid cancer: BRAF mutation 
status and mortality. JAMA 2013;​309:​
1529-30.
37.	 Kocjan G, Chandra A, Cross PA, et al. 
The interobserver reproducibility of thy-
roid fine-needle aspiration using the UK 
Royal College of Pathologists’ classifica-
tion system. Am J Clin Pathol 2011;​135:​
852-9.
38.	Nou E, Kwong N, Alexander LK, Cibas 
ES, Marqusee E, Alexander EK. Determi-
nation of the optimal time interval for 
repeat evaluation after a benign thyroid 
nodule aspiration. J Clin Endocrinol 
Metab 2014;​99:​510-6.

39.	 Sosa JA, Bowman HM, Tielsch JM, 
Powe NR, Gordon TA, Udelsman R. The 
importance of surgeon experience for clin-
ical and economic outcomes from thyroid-
ectomy. Ann Surg 1998;​228:​320-30.
40.	Ritter K, Elfenbein D, Schneider DF, 
Chen H, Sippel RS. Hypoparathyroidism 
after total thyroidectomy: incidence and 
resolution. J Surg Res 2015;​197:​348-53.
41.	 Cho JS, Shin SH, Song YJ, et al. Is it 
possible to predict hypothyroidism after 
thyroid lobectomy through thyrotropin, 
thyroglobulin, anti-thyroglobulin, and anti-
microsomal antibody? J Korean Surg Soc 
2011;​81:​380-6.
42.	Kamran SC, Marqusee E, Kim MI,  
et al. Thyroid nodule size and prediction 
of cancer. J Clin Endocrinol Metab 2013;​
98:​564-70.
43.	 Wharry LI, McCoy KL, Stang MT,  
et al. Thyroid nodules (≥4 cm): can ultra-
sound and cytology reliably exclude can-
cer? World J Surg 2014;​38:​614-21.
44.	Giordano TJ, Beaudenon-Huibregtse 
S, Shinde R, et al. Molecular testing for 
oncogenic gene mutations in thyroid le-
sions: a case-control validation study in 
413 postsurgical specimens. Hum Pathol 
2014;​45:​1339-47.

45.	Nikiforova MN, Wald AI, Roy S, Durso 
MB, Nikiforov YE. Targeted next-gener
ation sequencing panel (ThyroSeq) for 
detection of mutations in thyroid cancer. 
J Clin Endocrinol Metab 2013;​98:​E1852-
60.
46.	Maia FF, Zantut-Wittmann DE. Thy-
roid nodule management: clinical, ultra-
sound and cytopathological parameters 
for predicting malignancy. Clinics (Sao 
Paulo) 2012;​67:​945-54.
47.	 Gharib H, Papini E, Paschke R. Thy-
roid nodules: a review of current guide-
lines, practices, and prospects. Eur J En-
docrinol 2008;​159:​493-505.
48.	Kwak JY, Koo H, Youk JH, et al. Value 
of US correlation of a thyroid nodule with 
initially benign cytologic results. Radiol-
ogy 2010;​254:​292-300.
49.	 Ito Y, Miyauchi A, Inoue H, et al. An 
observational trial for papillary thyroid 
microcarcinoma in Japanese patients. 
World J Surg 2010;​34:​28-35.
50.	 Ito Y, Miyauchi A. Is surgery neces-
sary for papillary thyroid microcarcino-
mas? Nat Rev Endocrinol 2012;​8:​9.
Copyright © 2015 Massachusetts Medical Society.

nejm clinical practice center

Explore a new page designed specifically for practicing clinicians,  
the NEJM Clinical Practice Center, at NEJM.org/clinical-practice-center.  

Find practice-changing research, reviews from our Clinical Practice series,  
a curated collection of clinical cases, and interactive features  

designed to hone your diagnostic skills.

The New England Journal of Medicine 
Downloaded from nejm.org at Banner Health Arizona on April 5, 2016. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 


