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ABSTRACT

BACKGROUND AND PURPOSE: Medullary thyroid carcinoma is an uncommon malignancy that is challenging to diagnose. Our aim was to
present our experience using core needle biopsy for the diagnosis of medullary thyroid carcinoma compared with fine-needle aspiration.

MATERIALS AND METHODS: Between January 2000 and March 2012, 202 thyroid nodules in 191 patients were diagnosed as medullary
thyroid cancer by using sonography-guided fine-needle aspiration, core needle biopsy, or surgery. One hundred eighty-three thyroid
nodules in 172 patients were included on the basis of the final diagnosis. We evaluated the sensitivity and positive predictive value of
fine-needle aspiration and core needle biopsy for the diagnosis of medullary thyroid cancer. We compared the rate of a delayed diagnosis,
a diagnostic surgery, and surgery with an incorrect diagnosis for fine-needle aspiration and core needle biopsy and investigated the factors
related to the fine-needle aspiration misdiagnosis of medullary thyroid cancer.

RESULTS: Fine-needle aspiration showed 43.8% sensitivity and 85.1% positive predictive value for the diagnosis of medullary thyroid
cancer; 25.7% (44/171) of patients had a delayed diagnosis, while 18.7% (32/171) underwent an operation for accurate diagnosis, and 20.5%
(35/171) underwent an operation with an incorrect diagnosis. Core needle biopsy achieved 100% sensitivity and positive predictive value
without a delay in diagnosis (0/22), the need for a diagnostic operation (0/22), or an operation for an incorrect diagnosis (0/22). A calcitonin
level of �100 pg/mL was the only significant factor for predicting the fine-needle aspiration misdiagnosis of medullary thyroid cancer (P �

.034).

CONCLUSIONS: Core needle biopsy showed a superior sensitivity and positive predictive value to fine-needle aspiration and could
optimize the surgical management in patients with medullary thyroid cancer. Because the ability of fine-needle aspiration to diagnose
medullary thyroid cancer significantly decreases in patients with serum calcitonin levels of �100 pg/mL, core needle biopsy could be
indicated for these patients to optimize their surgical management.

ABBREVIATIONS: AUS � atypia of undetermined significance or follicular lesion of undetermined significance; CNB � core needle biopsy; FNA� fine-needle
aspiration; MTC � medullary thyroid carcinoma; PTC � papillary thyroid carcinoma; US � ultrasound

Medullary thyroid carcinoma (MTC) is an uncommon ma-

lignancy that is challenging to diagnose. Although it ac-

counts for only 3%–5% of thyroid cancer diagnoses, it causes 15%

of thyroid cancer–related deaths due to its aggressiveness.1 Due to

a lack of good treatment options other than surgery, early diag-

nosis of MTC and complete surgical resection comprising at least

total thyroidectomy with central lymph node dissection offers the

best chance for a cure.2-5 In that respect, accurate and timely

diagnosis of MTC is essential to ensure the appropriate surgical

procedure.6-9

An early presurgical diagnosis of MTC remains a diagnostic

challenge in clinical practice, however. Although fine-needle as-

piration (FNA) cytology is an important diagnostic tool for eval-

uating thyroid nodules, its low sensitivity for diagnosing MTC

limits an optimal preoperative evaluation and an operation in

approximately half of the patients.10,11 Serum calcitonin level

measurement in patients with thyroid nodules is a sensitive and

specific marker with even better diagnostic accuracy than cytol-

ogy in unsuspected MTC, though the routine measurement of

Received June 18, 2014; accepted after revision January 4, 2015.

From the Department of Radiology and the Research Institute of Radiology (E.J.H.,
J.H.B), and Departments of Pathology (D.E.S.) and Metabolism and Endocrinology
(Y.K.S.), University of Ulsan College of Medicine, Asan Medical Center, Seoul, Ko-
rea; Department of Radiology (E.J.H.), Ajou University School of Medicine, Suwon,
Korea; Department of Radiology (D.G.N.), Human Medical Imaging and Interven-
tion Center, Seoul, Korea; Healthcare System Gangnam Center (D.G.N.), Seoul Na-
tional University Hospital, Seoul, Korea; Departments of Radiology (J.-h.K.), Pathol-
ogy (H.S.M.), and Surgery (K.E.L.), Seoul National University Hospital, Seoul National
University College of Medicine, Seoul, Korea; and Department of Radiology (J.K.K.),
Chung-Ang University College of Medicine, Seoul, Korea.

Please address correspondence to Jung Hwan Baek, MD, Department of Radiology
and the Research Institute of Radiology, University of Ulsan College of Medicine,
Asan Medical Center, 86 Asanbyeongwon-Gil, Songpa-Gu, Seoul 138-736, Korea;
e-mail: radbaek@naver.com

http://dx.doi.org/10.3174/ajnr.A4317

1512 Ha Aug 2015 www.ajnr.org



serum calcitonin levels in nodular thyroid disease and the cutoff

value for a diagnosis of MTC are still debatable.11-13 Due to these

diagnostic difficulties, some MTC is still incidentally discovered

after a diagnostic operation or after an operation with an incorrect

presurgical diagnosis—this situation presents the risk of an in-

complete therapeutic approach and a less favorable progno-

sis.10,14,15 Therefore, early and accurate diagnosis of MTC is of

crucial importance for optimal management.

We studied core needle biopsy (CNB) for the diagnosis of

MTC at 3 medical institutions during a 10-year period. The study

was designed to evaluate the following: 1) the diagnostic perfor-

mance of CNB, 2) its impact on surgical management compared

with FNA, and 3) factors related to the FNA misdiagnosis of MTC.

MATERIALS AND METHODS
The institutional review boards approved this retrospective study

at the 3 participating sites and required neither patient approval

nor informed consent for review of the images and medical re-

cords. However, informed consent for FNA or CNB was obtained

from all patients before biopsy.

Patients
This retrospective analysis was based on patient data collected

from 3 medical institutions (ie, Asan Medical Center, Seoul Na-

tional University Hospital, and the Human Medical Imaging and

Intervention Center). We reviewed the medical records of pa-

tients who were diagnosed with MTC between January 2000 and

March 2012 at the 3 institutions. During this time, 202 thyroid

nodules in 191 patients were initially diagnosed as MTC by using

1 of the following methods: ultrasound (US)-guided FNA, US-

guided CNB, or surgery. Of these 191 patients, 19 were excluded

because they were surgically treated at another hospital (n � 5) or

were without FNA or CNB results before the operation (n � 14).

This study finally included 183 thyroid nodules in 172 patients

(112 women and 60 men; mean age, 49.6 years; range, 17–91

years).

Of the 183 nodules in 172 patients, FNA was initially used in

182 nodules in 171 patients. CNB was used in 22 nodules in 21

patients as the initial approach (n � 1), after the FNA results of

non-MTC (n � 13), or simultaneously with FNA (n � 8). The

final diagnosis was based on the pathology results obtained after

surgery for all nodules except for 2 in 2 inoperable patients with

high calcitonin levels of 1330 and 82,900, respectively.

US-Guided FNA and CNB Procedures
US examinations were performed by using 1 of 4 US systems: an

iU22 U (Philips Healthcare, Best, the Netherlands), an EUB-7500

U (Hitachi Medical Systems, Tokyo, Japan), an Aplio XG

(Toshiba Medical Systems, Tokyo, Japan), or an HDI 5000

(Philips Healthcare), equipped with a linear, high-frequency

probe (5–14 MHz). All US examinations and US-guided FNA or

CNB procedures were performed by 4 clinically experienced thy-

roid radiologists with 12–19 years of thyroid US experience or by

residents and fellows under their supervision.

US-guided FNAs were performed with a combination of 25-,

23-, and 21-ga needles and a combination of capillary and aspira-

tion FNA techniques according to the characteristics of the nod-

ules. Each lesion was aspirated at least twice (range, 2– 4 times).

Materials obtained from the FNA were immediately placed in

95% alcohol for Papanicolaou staining.

US-guided CNBs were performed by using a disposable, 18-ga,

double-action, spring-activated needle (1.1- or 1.6-cm excursion)

(TSK Acecut; Create Medic, Yokohama, Japan) after local anes-

thesia with 1% lidocaine. Before the needle insertion, vessels

along the approach route were carefully evaluated by power

Doppler US to prevent procedure-related hemorrhage. Using a

freehand technique, we advanced the core needle from the isth-

mus of the thyroid toward the target nodule by using the

transisthmic approach. When the needle tip was advanced into

the edge of the nodule, the stylet and cutting cannula of the needle

were sequentially, carefully fired. The number of tissue cores ob-

tained by CNB ranged from 1 to 3. A second or third CNB was

performed when a lesion was considered inaccurately targeted, as

in the case of small nodules or when an adequate tissue core was

not obtained by visual inspection. Each patient was observed after

firm, local compression of the biopsy site for 10 –20 minutes after

FNA or CNB. If a patient had pain or neck swelling, a repeat US

examination was performed to evaluate possible complications.16

Cytologic and Histopathologic Analyses
The FNA, CNB, and surgical specimens were reviewed by experi-

enced cytopathologists with 8 –10 years of clinical experience in

thyroid cytopathology; real-time cytology was not available dur-

ing the biopsy procedure. FNA cytology diagnoses were catego-

rized as nondiagnostic, benign, atypia of undetermined signifi-

cance or follicular lesion of undetermined significance (AUS),

follicular neoplasm/suspicious for follicular neoplasm, suspicious

for malignancy, or malignant according to the Bethesda System

for Reporting Thyroid Cytopathology.17 Because the diagnostic

criteria of CNB have not been standardized for thyroid nodules,

the CNB histologic diagnoses were categorized into the same cat-

egories as those in the Bethesda System.18-20 For evaluating the

specific diagnostic performance for MTC on both the FNA and

CNB, the “suspicious for malignancy” or “malignancy” reading

was further categorized into subtypes suggesting papillary thyroid

carcinoma (PTC), MTC, or other malignancy.

Additional special staining was performed on a case-by-case

basis according to the cytopathologists’ preferences and concerns.

Calcitonin staining on FNA or CNB specimens was not routinely

used for these readings, though it could be used as an additional

requirement of the cytopathologists when the FNA or CNB find-

ings were suspicious for MTC, to obtain a confirming diagnosis.

Statistical Analysis
Statistical analysis was performed by using the SPSS software

package (Version 19.0 for Windows; IBM, Armonk, New York).

Categoric data were summarized by using frequencies and per-

centages. The diagnostic performance of FNA and CNB for MTC

was evaluated by using the sensitivity and positive predictive

value. The �2 test, Student t test, and Mann-Whitney U test were

used to evaluate the factors related to the FNA misdiagnosis of

MTC. FNA misdiagnosis was defined as any FNA cytologic diag-

nosis except MTC. Binary logistic regression was used for multi-

variate analysis. The Spearman rank correlation was used to eval-
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uate the relationship between the size and the calcitonin level. A P

value � .05 was considered statistically significant.

To assess the clinical impact of FNA or CNB on the surgical

management of MTC in current practice, we evaluated the rate of

the delayed diagnosis, diagnostic surgery, and surgery by using an

incorrect presurgical diagnosis as follows: “Delayed diagnosis”

was defined as a nodule initially misdiagnosed as non-MTC but

finally confirmed as MTC on the next FNA or CNB. “Diagnostic

surgery” was defined as a nodule initially misdiagnosed as non-

MTC (ie, nondiagnostic, benign, or AUS) but confirmed as MTC

on subsequent surgery performed for a diagnostic purpose. “Sur-

gery with an incorrect diagnosis” was defined as 1 of the following

2 categories: First, the nodule was initially misdiagnosed as non-

MTC (ie, a follicular neoplasm/suspicious for follicular neoplasm,

suspicious for or a definite diagnosis of PTC, or other types of

malignancy) but was finally confirmed as MTC following the op-

eration. Second, the nodule was initially misdiagnosed as MTC

but was finally confirmed as non-MTC following the operation.

RESULTS
Demographic Data
Among the 183 nodules in 172 patients, 170 nodules in 159 pa-

tients were confirmed as MTCs and 13 nodules in 13 patients were

confirmed as non-MTCs following surgery. The mean nodule size

was 20.3 � 15.7 mm (range, 3.0 – 85.0 mm). Of 170 confirmed

MTCs, 26 nodules in 20 patients were hereditary MTCs and 144

nodules in 139 patients were sporadic MTCs.

The serum calcitonin level was measured before surgery in 148

patients with 159 nodules. The median serum calcitonin level was

389.0 pg/mL (range, 1.5– 82,900.0 pg/mL), with a subclassifica-

tion of �100 pg/mL (n � 92), �10 and �100 pg/mL (n � 41), or

�10 pg/mL (n � 15).

Diagnostic Performance of FNA or CNB
Table 1 shows the comparison of the initial FNA and CNB results

with the final pathology results. The sensitivity and positive pre-

dictive value for a diagnosis of MTC

were 43.8% (74/169) and 85.1% (74/87),

respectively, following the initial FNA,

though they were both 100% (22/22) af-

ter CNB. MTCs were commonly misin-

terpreted as AUS (44/169, 26.0%) or

other types of malignancy (15/169,

8.9%) after FNA. Thirteen false-posi-

tively diagnosed MTCs were actually

PTC (7/13, 53.8%) follicular adenoma

or carcinoma (4/13, 30.8%), hyalinizing

trabecular tumor (1/13, 7.7%), or ana-

plastic carcinoma (1/13, 7.7%).

Table 2 shows the relationship between the serum calcitonin

level and the diagnosis of MTC after FNA or CNB procedures. In

patients with a serum calcitonin level of �10 pg/mL, 10 of 11

nodules with an FNA diagnosis of MTC were confirmed as non-

MTC following the surgery. However, in this range, 5 nodules

were finally confirmed as MTCs after surgery even though 4 were

not diagnosed after FNA. One nodule with a CNB diagnosis of

MTC was correct after surgery in this range.

Clinical Impact of FNA or CNB on Surgical Management

Delayed Diagnosis. Figure 1 shows the diagnostic flowchart for

the patients following FNA. A delayed diagnosis was noted in

25.7% (44/171) of patients after FNA, while there was none

in patients (0/22) after CNB. A delayed diagnosis continued in

22.2% (8/36) of these patients following the second FNA. There-

fore, the delayed diagnosis rate differed significantly between

FNA and CNB (P � .007) (Table 3).

Diagnostic Surgery. Diagnostic surgery was performed in 18.7%

(32/171) of the patients after FNA, though it was not performed in

any patients (0/22) after CNB. Of 32 patients, 24 with 28 nodules

underwent diagnostic surgery after having initial FNA results of

nondiagnostic (n � 2), benign (n � 7), and AUS (n � 19), and 7

patients with 7 nodules underwent diagnostic surgery after having

second FNA results of nondiagnostic (n � 1) and AUS (n � 6).

One patient underwent diagnostic surgery after 3 repetitive FNA

results of AUS. The diagnostic surgery rate was significantly dif-

ferent between FNA and CNB (P � .028) (Table 3).

Surgery with an Incorrect Diagnosis. Surgery with an incorrect

diagnosis was performed in 20.5% (35/171) of the patients

after FNA, though it was not performed in any patients (0/22)

after CNB. There were 2 types of surgery with an incorrect

diagnosis: The first was surgery with a false-negative diagnosis

of MTC; 12.9% (22/171) of the patients underwent surgery

with a cytologic diagnosis of follicular neoplasm/suspicious for

follicular neoplasm (n � 10), PTC (n � 4), or other types of

malignancy (n � 8). The second was surgery with a false-pos-

itive diagnosis of MTC; 7.6% (13/171) of the patients under-

went surgery with a cytologic diagnosis of MTC, which was,

however, finally determined after surgery to be PTC (n � 7),

follicular adenoma (n � 2), follicular carcinoma (n � 2), hya-

linizing trabecular tumor (n � 1), or anaplastic carcinoma

(n � 1). The rate of surgery with an incorrect diagnosis differed

significantly between FNA and CNB (P � .016) (Table 3).

Table 1: Comparison of the initial FNA and CNB results with the final pathology resultsa

Final Diagnosis

Initial FNA Results (n = 182)

CNB (n = 22)
b

MTCND Benign AUS FN PTC
Malignancy,

Others MTC
MTC 6 13 44 12 5 15 74 22
PTC – – – – – – 7 –
Follicular adenoma – – – – – – 2 –
Follicular carcinoma – – – – – – 2 –
Hyalinizing trabecular tumor – – – – – – 1 –
Anaplastic carcinoma – – – – – – 1 –

Note:—ND indicates nondiagnostic; FN, follicular neoplasm or suspicious for follicular neoplasm.
a Data indicate the number of nodules.
b CNB was initially performed (n � 1) after the FNA results of non-MTC (n � 13) or with simultaneous FNA (n � 8).

Table 2: Relationship of the serum calcitonin level and the
diagnosis of MTC after FNA or CNB proceduresa

Calcitonin
Level (pg/mL)

FNA Diagnosis
(n = 158)

CNB Diagnosis
(n = 18)

MTC Non-MTC MTC Non-MTC
�100 54 (54) 46 (46) 10 (10) 0 (0)
10–100 16 (16) 27 (27) 7 (7) 0 (0)
�10 11 (1) 4 (4) 1 (1) 0 (0)

a Data are number of nodules before the operation, with the number of MTCs after
the operation in parentheses.
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Factor Analysis Related to the FNA Misdiagnosis of MTC
Table 4 shows the factors related to the FNA misdiagnosis of

MTC. On bivariate analyses, a serum calcitonin level of �100

pg/mL was the only significant factor for predicting the FNA mis-

diagnosis of MTC (P � .034). Mass size was not a significant

factor (P � .258) despite the positive correlation with the serum

calcitonin level (� � 0.605). A binary logistic regression analysis

was performed to determine the inde-

pendent factors for predicting the FNA

misdiagnosis of MTC. A serum calci-

tonin level of �100 pg/mL showed a sig-

nificant association with the FNA misdi-

agnosis (P � .036) (95% CI, 1.052–

4.355; odds ratio, 2.141).

Complications
There were no complications leading to substantial morbidity or

disability or resulting in a hospitalization after FNA or CNB. One

patient after FNA had neck discomfort due to thyroid parenchy-

mal edema. However, there were no major complications after

FNA or CNB.

DISCUSSION
Our study confirms that FNA cytology has 43.8% sensitivity and

85.1% positive predictive value for the diagnosis of MTC, while

the respective values for CNB were both 100.0%. FNA cytology

caused a delayed diagnosis in 25.7% (44/171), required diagnostic

surgery in 18.7% (32/171), and led to surgery with an incorrect

diagnosis in 20.5% (35/171) of the study patients. Serum calci-

tonin levels of �100 pg/mL were the only significant factor related

to the FNA misdiagnosis of MTC.

FNA cytology for a diagnosis of MTC has been proved to have

a low sensitivity of 43.7% in recent multicenter and international

studies.10 It has been reported with a wide range from 30% to 89%

in smaller series.11,13,21,22 Its low sensitivity leads to the misdiag-

nosis of MTC and negatively impacts patient management in sev-

eral ways. A delayed diagnosis can alter the MTC stage at the time

of surgery and may thus influence both the surgical extent and the

patient prognosis.6-9 Diagnostic surgery or surgery with an incor-

FIG 1. Diagnostic flowchart of patients following the initial FNA. Data indicate the number of patients, with the number of nodules in
parentheses.

Table 3: Comparison of the FNA and CNB results with the factors regarding surgical
decision-making of MTCa

Clinical Impact on Surgical Management FNA (n = 171) CNB (n = 22) P Value
Delayed diagnosis 44 (25.7) 0 (0) .007
Diagnostic operation 32 (18.7) 0 (0) .028
Operation with an incorrect diagnosis 35 (20.5) 0 (0) .016

a Data indicate the number of patients, with the percentages in parentheses.

Table 4: Factor analysis related to the FNA misdiagnosis of MTCa

FNA Diagnosis
(n = 74)

FNA Misdiagnosis
(n = 95)

b
P Value

Age (yr) .914
Mean 49.0 � 14.2 49.2 � 13.4
Range 18–81 17–81

Sex .786
Female 49 (66.2) 61 (64.2)
Male 25 (33.8) 34 (35.8)

Genetics .869
Hereditary 11 15
Sporadic 63 80

Size .258
�10 mm 14 25
�10 mm 60 70

Serum calcitonin .034
�100 pg/mL 17 31
�100 pg/mL 54 46

a Data are the number of nodules, with percentages in parentheses.
b FNA misdiagnosis was defined as any cytologic diagnosis except MTC.
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rect diagnosis can overlook the evaluation for multiple endocrine

neoplasia syndrome before surgery and can also be responsible for

suboptimal surgery, which may require additional surgery for

completion and may carry an increased risk of morbidity.6-9 In

our study, the low sensitivity of FNA for MTC was reconfirmed in

172 patients at 3 medical institutions during a 10-year period;

56.2% of the patients with MTC were initially misdiagnosed;

therefore, proper surgical management was delayed or subopti-

mal after FNA.

Among the available diagnostic tools for MTC, serum calci-

tonin level measurement has been the most commonly used due

to its higher sensitivity for MTC than FNA cytology.11-13 Because

the appropriate use of serum calcitonin level measurement is

helpful for detecting unsuspected MTC, it is commonly used in

patients with thyroid nodules to prevent the risk of a false-nega-

tive cytologic diagnosis. Patients with a serum calcitonin level of

�100 pg/mL are strongly recommended for surgery, even though

the cytologic diagnosis is not fulfilled for MTC under the current

guidelines.2,5,14,15 However, there is a diagnostic gray zone in pa-

tients with a serum calcitonin level between 10 and 100 pg/mL,

and the cutoff value for a diagnosis of MTC is still debatable.14

Our study results also showed 2 diagnostic dilemmas associated

with the serum calcitonin level. First, MTC could not be com-

pletely excluded even in the normal range of serum calcitonin

levels. Although most presurgical diagnoses of MTC after FNA

were false-positive in this range, 5 nodules were proved to be

MTCs following surgery. Second, a serum calcitonin level of

�100 pg/mL, a diagnostic gray zone in the clinical setting, was

also an independent factor related to the FNA misdiagnosis of

MTC. Therefore, in these patients, CNB may have been a useful

diagnostic tool for an accurate diagnosis and proper management

of MTC in our study.

The diagnostic role of CNB for thyroid nodules is currently

being investigated. Because US-guided CNB using a spring-acti-

vated biopsy needle has been reported safe and effective by Quinn

et al,23 several investigators have demonstrated the usefulness of

CNB in diagnosing thyroid nodules with 90.3% (range, 78.5%–

100%) sensitivity and 98.4% (range, 87%–100%) positive predic-

tive value for thyroid malignancy.18-20,24-26 Currently, the role of

CNB has focused on the diagnosis of nodules with previously

nondiagnostic results on FNA and, therefore, on preventing un-

necessary diagnostic surgery.19,24,25,27 For the diagnosis of a spe-

cific type of malignancy, however, CNB has also showed the pos-

sibility of superior diagnostic performance to that of FNA for

thyroid lymphoma, anaplastic carcinoma, and metastasis in a

small series of studies.26,28-31 The complication rate was reported

to be �1% and was considered to be similar to that of FNA if an

experienced clinician performed the procedure.18,19 In our study,

all 22 patients who underwent CNB were correctly diagnosed with

MTC without any major complications. Of these patients, the

serum calcitonin levels were �100 pg/mL in 8 patients (36.4%),

but the CNB diagnoses were consistent for MTC. CNB showed a

precise histologic diagnosis in all cases regardless of the serum

calcitonin levels.

Our study has several limitations. First, its retrospective design

may have introduced a selection bias. Because the low incidence of

MTC limits prospective study design, however, it may be the best

method for retrospectively reviewing the clinical experience dur-

ing long periods at many medical institutions. Second, FNA re-

sults before 2010 were re-interpreted according to the Bethesda

System. Third, because the diagnostic categories of CNB speci-

mens have not yet been standardized, this aspect requires further

research. Fourth, a calcium stimulating test or calcitonin level

measurement of aspiration needle washout fluids or both were

not performed in our study. However, our experience using CNB

provides useful information as a complementary diagnostic tool

for MTC. Further studies are required for deciding a proper indi-

cation of each technique. Fifth, there is significant difference in

size of the FNA and CNB group. Further studies are required.

CONCLUSIONS
A relatively small sample of CNBs showed a superior sensitivity

and positive predictive value to those of FNA and could thus

optimize the surgical management in patients with MTC. Because

the FNA diagnosis of MTC significantly decreases in patients with

serum calcitonin levels of �100 pg/mL, CNB could be a comple-

mentary diagnostic tool for these patients to optimize surgical

management.
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