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Background: Current American Thyroid Association (ATA) guidelines recommend routine cervical ultrasound
(US) in thyroid nodule evaluation. Specific US characteristics can help diagnose papillary thyroid carcinoma
(PTC). The aim of this blinded cohort study was to determine whether these specific US characteristics can also
reliably detect the more aggressive variants of PTC that are often associated with the BRAFV600E mutation.
Methods: After Institutional Review Board approval, we identified a cohort of patients from January 2007 to
December 2009 with histologic PTC ‡ 1 cm who had cervical US, initial thyroid surgery, and molecular testing for
BRAFV600E on fine-needle aspiration biopsy or histology. Preoperative US images were evaluated by a single
radiologist, who was blinded to BRAF status, for nodule size and the presence or absence of the following
suspicious US features: taller-than-wide shape, ill-defined margins, hypoechogenicity, calcifications, noncystic
composition, and absent halo.
Results: BRAF-positivity was associated with most known suspicious US findings, including taller-than-wide
shape (47% vs. 7%, p < 0.001), ill-defined margins (42% vs. 9%, p < 0.001), hypoechogenicity (83% vs. 36%,
p < 0.001), micro/macrocalcifications (87% vs. 24%, p < 0.001), and absent halo (85% vs. 27%, p < 0.001) but was
not associated with noncystic composition. When ‡ 3 suspicious US features were present, BRAF-positivity was
predicted with a positive predictive value of 82%. The absence of suspicious US features together with negative
BRAF testing predicted PTC without extrathyroidal extension or lymph node metastasis (negative predictive
value 88%).
Conclusions: With routine preoperative cervical US and molecular testing, a trained radiologist or surgeon can
improve the preoperative characterization of PTC, potentially impacting risk stratification and initial surgical
management.

Introduction

Thyroid nodules are common, and the incidence of
papillary thyroid carcinoma (PTC) is rising (1,2). The

systematic evaluation of thyroid nodules is, thus, important
and can be guided by evidence-based consensus recommen-
dations such as those from the American Thyroid Association
(ATA) (3) and the American Association of Clinical En-
docrinologists (AACE) (4). Standard care relies on a thorough
history and physical, in addition to radiographic character-
ization by cervical ultrasound (US).

US has been a valuable tool in characterizing and diag-
nosing thyroid pathology for over fifty years. Initially, crude
US images were only able to differentiate cystic from solid
lesions, but the field has undergone rapid technological evo-
lution and now includes color Doppler, B-mode imaging,

three-dimensional imaging, and elastography, allowing
physicians to provide a much more detailed assessment. Im-
proved discrimination between benign and malignant nod-
ules can help determine which nodules should undergo fine-
needle aspiration biopsy (FNA), and numerous malignant
sonographic features have been described, including micro-
calcifications, hypoechogenicity, an irregular margin, loss of
the halo, noncystic composition, intratumoral hypervascu-
larity, and taller-than-wide shape (5–8). In a large, multicen-
ter, and retrospective study of thyroid nodule US features,
Moon et al. (9) reported that several of these features predict
thyroid malignancy with varying sensitivity and specificity.

In addition to predicting malignancy, preoperative US
ideally would also provide prognostic information to help
determine extent of initial thyroidectomy and lymphade-
nectomy. Nodule size and the presence of suspicious central
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and lateral compartment lymphadenopathy are two features
that are routinely assessed on US (10). Extrathyroidal ex-
tension (ETT) and invasion into surrounding structures can
sometimes be assessed, although with low sensitivity.
BRAFV600E mutation is a somatic alteration that results in
oncogenic activation of the MAPK signaling pathway and
has been associated with PTC that has aggressive histo-
pathologic features such as ETT and lymph node metastasis
(LNM) (11–13). Preoperative detection of BRAFV600E on FNA
specimens can potentially alter the initial operative approach
(13–15).

Several groups have also tried to correlate BRAF status
with US characteristics with varying results. Kwak et al. (16)
reported a correlation between BRAFV600E and small tumor
size, high TNM stage, and extracapsular invasion, but found
no significant correlation between suspicious US features and
BRAF positivity. Another study by Hwang et al. (17) also
demonstrated no significant associations between BRAF sta-
tus and suspicious US features. However, both these studies
predominantly evaluated small papillary thyroid micro-
carcinomas, with mean tumor sizes of 6 and 9 mm, respec-
tively. The small size was likely a significant confounding
factor in accurately characterizing these lesions by preopera-
tive US.

In this study, we examined a series of PTC ‡ 1 cm to de-
termine whether specific US characteristics can reliably pre-
dict the BRAFV600E mutation as well as detect the more
aggressive variants of PTC that are usually associated with
the BRAFV600E mutation.

Materials and Methods

After institutional board review approval (Protocol No.
10020508), the clinical, pathologic, and radiologic parameters
of 1007 consecutive patients with a diagnosis of thyroid can-
cer (ICD-9 193.0) from 1/07 to 12/09 were reviewed for the
following study inclusion criteria: US performed < 120 days
before surgery, histologic PTC measuring ‡ 1 cm after thy-
roidectomy, and molecular testing for BRAFV600E on either the
FNA or pathology specimen. BRAFV600E mutation was de-
tected using real-time polymerase chain reaction, and fluo-
rescence melting curve analysis as previously described and
was performed as a part of the routine clinical care during the
study period on (i) all FNA results in the follicular lesion of
undetermined significance, follicular or oncocytic neoplasm,
suspicious, and positive for malignancy categories and (ii) all
PTC > 3 mm that did not already have positive molecular
testing results on FNA (18).

A series of 106 patients who met inclusion criteria were
further studied, among whom 55 patients had BRAF-positive
PTC and 51 patients had BRAF-negative PTC. Nine patients
had more than one PTC on final pathology. After the pa-
thology reports and US studies were reviewed to ensure that
the diagnosed PTC correlated to the same thyroid nodule that
had been initially evaluated on US and was biopsied preop-
eratively, each PTC was considered separately and included
in the study. Any PTC that was incidental and not biopsied
before surgery was excluded. Finally, each final pathology
report was examined for lymph node involvement or ETT. A
central compartment lymph node dissection was performed
for appropriate clinical factors that included a preoperative
FNA which was positive for PTC, abnormal central com-

partment lymph nodes on preoperative US, or suspicious in-
traoperative findings. Lateral compartment lymph node
dissection was performed if suspicious lateral lymphade-
nopathy was seen on neck US and metastatic disease was
confirmed on FNA.

For this study, a single radiologist (M.E.T.), who was
blinded to the BRAF status, independently reviewed all ex-
isting preoperative US examinations and recorded the sono-
graphic characteristics for each PTC (n = 115). Each US
examination under review was performed by a trained US
technician using standardized institutional protocols that
routinely use transverse and sagittal cine loops as well as
additional static and real-time imaging of suspicious nodules
and lymph nodes. At the time of the examination, repeat so-
nography was performed by an US radiologist, as needed. A
standardized data collection tool was used by the reviewer to
categorize size (cm) and six US features: shape (taller-than-
wide, round-to-oval), margin (ill-defined, circumscribed),
echogenicity (hypoechoic, isoechoic, hyperechoic), halo
(presence, absence), calcifications (microcalcification, macro-
calcifications, peripheral), and cystic composition (graded as
0, 25%, 50%, 75%, or 100%). Of these, based on previously
described criteria associated with PTC, we classified the fol-
lowing six US features as suspicious: taller-than-wide shape,
ill-defined margin, absence of halo, hypoechogenicity, non-
cystic composition (graded as 0), and presence of micro-
calcifications (5–9). Intranodular hypervascularity has been
usually considered as being a suspicious US feature; however
vascularity on static images was difficult to assess objectively
even with color Doppler, and was not evaluated.

Statistical analysis was performed using SPSS version 17.0
(SPSS, Inc., Chicago, IL). The Student’s t-test was used for
testing continuous variables, and Fisher’s exact test was used
for comparing categorical variables. Sensitivity, specificity,
and positive predictive values for predicting BRAF status
using the index of the number of positive US features were
calculated. The area under the receiver operating character-
istic (ROC) curve was estimated. A p < 0.05 was considered
statistically significant. Multivariate analysis was performed
using linear regression, and the results were tested by chi-
square analysis.

Results

There were no differences between the BRAF-negative
(n = 51) and BRAF-positive (n = 55) PTC patients in mean age
at presentation (47.8 years vs. 48.2 years, p = 0.98) or gender
distribution (percentage men, 21.6% vs. 21.8%, p = 0.98).
Compared with the BRAF-negative PTC patients, the BRAF-
positive PTC patients were more likely to present at a higher
(III/IV) TNM stage (28% vs. 11%, 0.006). Altogether, among
the 106 patients, there were 115 PTC, as 9 patients had 2 PTC.
On univariate analysis (Table 1), 5/6 suspicious US charac-
teristics were more likely to be seen on preoperative US of
BRAF-positive PTC than BRAF-negative PTC: taller-than-
wide shape (47% vs. 7%, p < 0.001), ill-defined margin (42% vs.
9%, p < 0.001), hypoechogenicity (83% vs. 36%, p < 0.001), mi-
cro/macrocalcifications (87% vs. 24%, p < 0.001), and absent
halo (85% vs. 27%, p < 0.001). Of the six examined US features,
noncystic composition was the only US characteristic that did
not appear to determine BRAF status (38% vs. 49%, p = 0.25).
No suspicious US features were identified in 16/51 (31%) of
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the BRAF-negative PTC and 3/55 (5%) of the BRAF-positive
PTC.

After evaluating the five suspicious US features associated
with BRAF for correlation by chi-square analysis, they were
all found to be significantly associated with each other, and
there was no predominance observed in multivariate analysis.
We, thus, devised a scoring system (0–5) based on the additive
number of suspicious preoperative US characteristics seen for
each PTC. We found that BRAF-positive PTC were associated
with more suspicious features than BRAF-negative PTC
(median, 4 vs. 0, p < 0.001), and the risk of having a BRAF-
positive PTC increased with the presence of even one of the five
examined US features (OR 9, p = 0.02). As the number of US
features increased, the risk of BRAF positivity also increased
(Table 2). The presence of ‡ 4 features had a very high likeli-
hood of associated BRAF positivity (OR 165, p < 0.001). PTC
with three or more evaluated features predicted BRAF posi-
tivity with a sensitivity of 78%, specificity of 82%, and a posi-
tive predictive value of 82%. An ROC curve was calculated to
verify the relationship between the number of malignant US
features and BRAF positivity (Fig. 1). The area under the curve
was 0.871 ( p < 0.001), indicating that the accuracy of the test
was good with a value of 1.0 representing a perfect test.

We also evaluated the histopathologic characteristics of
PTC to determine whether BRAF testing and/or US can
eventually predict aggressive features such as ETT and LNM.
Confirming our previous observations, BRAF-positive PTC
(n = 60) were smaller than BRAF-negative PTC (n = 55, mean
PTC size 2.0 cm vs. 2.4 cm, p = 0.03) and were more likely to be
associated with aggressive histopathologic characteristics
such as ETT (52% vs. 24%, p = 0.002) and tall cell variant (33%
vs. 10%, p = 0.006) (15). Of the 44 PTC with ETT, 31 PTC were
BRAF-positive and 41 had ‡ 1 suspicious US feature. BRAF

positivity predicted ETT with a positive predictive value
(PPV) and an negative predictive value (NPV) of 52% and
76%, respectively, while the presence of ‡ 1 suspicious US
feature predicted ETT with a PPV and an NPV of 43% and
84%, respectively. The absence of both BRAF and any suspi-
cious US feature was associated with the highest NPV (88%)
for ETT, while the presence of either BRAF or ‡ 1 of the US
feature had a PPV for ETT of only 43%.

Central compartment LNM were present in 39/94 PTC
with resected central compartment lymph nodes and were
more common with BRAF-positive PTC (52% vs. 28%,
p = 0.02). BRAF positivity predicted central compartment
LNM with a PPV of 52% and an NPV of 76%, while the
presence of ‡ 1 suspicious US feature had a PPV and an NPV
of 46% and 92%. Similar to predicting ETT, the absence of both
BRAF and any suspicious US feature had the highest NPV for
central compartment LNM of 100%, but the presence of either
BRAF or ‡ 1 suspicious US feature predicted central com-
partment LNM with a PPV of 45%.

Discussion

Cervical US is an accurate and noninvasive modality for
thyroid nodule characterization, and there are a number of US
characteristics that have been associated with malignancy (5–
9). The presence of these features can help determine which
nodules are to be evaluated further with FNA and in the 2009
ATA Management Guidelines for patients with thyroid nod-
ules and differentiated thyroid cancer, the presence of these
suspicious US characteristics should prompt FNA in nodules
that are as small as 5 mm (3).

Besides identifying nodules that merit biopsy or surgical
therapy, US is also being used to determine the extent of
thyroidectomy as well as the need for and extent of cervical

Table 1. Correlation Between Malignant

Ultrasound Features and Size with BRAFV600E

Status Using Univariate Analysis

BRAF-
positive

BRAF-
negative

p-
Value

Nodules (n) 60 55
Size, mean – SD (cm) 2.0 – 0.16 2.4 – 0.14 0.031
Taller-than-wide shape 47% 7% < 0.001
Ill-defined margin 42% 9% < 0.001
Hypoechoic 83% 36% < 0.001
Halo absent 85% 27% < 0.001
Micro/macrocalcifications 87% 24% < 0.001
Noncystic 38% 49% 0.245

Table 2. Number of Malignant Ultrasound

Features as Predictors of BRAFV600E
Status

Sensitivity
(%)

Specificity
(%)

PPV
(%)

Odds ratio
(p-value)

‡ 1 features 97 56 71 9 (0.023)
‡ 2 features 90 69 76 16 (0.002)
‡ 3 features 78 82 82 33 ( < 0.001)
‡ 4 featuresa 53 95 91 165 ( < 0.001)

aFour or five features.

FIG. 1. Receiver operating characteristic (ROC) curve for
relationship between malignant ultrasound features and
BRAFV600E-positive papillary thyroid carcinoma.
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lymphadenectomy. Mendez et al. (19) determined that mi-
crocalcifications, irregular borders, hypoechogenicity, and
taller-than-wide shape were associated with malignancy in
nodules with indeterminate (follicular or Hurthle cell neo-
plasm, and suspicious for malignancy) FNA results, and
found that the presence of £ 1 of the 4 suspicious US features
was associated with a £ 35% risk of malignancy. Conversely,
if the indeterminate nodule had ‡ 2 of the 4 US features
present, it was observed that the risk of malignancy was high
( > 70%), and an upfront total thyroidectomy in such patients
could be considered (19). Regarding cervical lymphadeno-
pathy, nonpalpable LNM are often detected by US (in up to
30% of patients), and routine preoperative US potentially
prevents early reoperations for missed nodal metastasis
(10,20). However, after negative preoperative US, up to 40%
of patients with PTC < 2 cm are found at surgery to have
unexpected metastatic central compartment lymph node
disease (21). We and others believe that preoperative US is an
excellent noninvasive method of staging and should be rou-
tinely performed, but there is great interest in identifying
other preoperative features that are predictive of aggressive
PTC which may prompt more extensive initial surgery, such
as central compartment lymph node dissection.

BRAFV600E is a molecular marker of PTC and has been
shown to correlate with PTC that have aggressive histopath-
ologic features. Our data agree with other series which dem-
onstrate that BRAF-positive PTC were more likely than BRAF-
negative PTC to be tall cell variants, have ETT, and have an
increased rate of LNM (11–13). Patients with BRAF-positive
PTC may also have an increased risk of recurrence and cancer-
specific mortality (13,22). Preoperative knowledge of BRAF
status could change the extent of initial thyroidectomy and
extent of initial lymphadenectomy, although whether this
translates into improved disease-related outcomes needs
further study (13–15).

Although other groups have studied the correlation of BRAF
status with US characteristics, the results have been variable and
very likely confounded by the small mean size ( < 1 cm) of the
studied PTCs. In this study, we examined a series of PTC
‡ 1 cm. Using a standardized data collection tool, an ultraso-
nographer blinded to BRAF status re-evaluated all preoperative
US for six previously described suspicious US features for PTC.
On univariate analysis, most (5/6) of the suspicious US charac-
teristics, with the exception of noncystic composition, were highly
associated with BRAF positivity, including taller-than-wide
shape, ill-defined margin, hypoechogenicity, absent halo, and
micro/macrocalcifications. The presence of even one of the five
features was associated with a ninefold increase in the risk of
BRAFV600E ( p = 0.023). We found that the likelihood of BRAF
positivity significantly increased when more than one suspicious
feature was seen, and whenthree or more features were identified
on preoperative US; the sensitivity, specificity, and PPV of pre-
dicting BRAF status was 78%, 82%, and 82%, respectively.

Ultimately, the importance of accurate preoperative risk
stratification is to identify those PTC that are more likely to be
associated with aggressive histopathology so as to inform the
extent of initial surgery. Microscopic and even macroscopic
ETT and central compartment LNM are two histopathologic
features that are difficult to be evaluated on preoperative US,
but have important staging implications for PTC patients. We
evaluated whether BRAF status and/or the presence of at
least one of the suspicious US characteristics predicted ETT or

central compartment LNM. Although BRAF positivity and
the presence of any one of the five correlative US features were
more likely to be associated with ETT and/or central com-
partment LNM, not all cases had aggressive features on final
histopathology, thus accounting for the low positive predic-
tive value (40%–50%). However, we observed that the ab-
sence of both BRAFV600E positivity and any suspicious US
features on preoperative US predicted PTC without ETT or
central compartment LNM with an NPV of 88% and 100%,
respectively. Thus, the presence of either BRAF-positive status
or any suspicious US features should raise concern for ETT
and/or central compartment LNM, but perhaps equally in-
formative to the surgeon at the time of initial thyroidectomy is
that the absence of any risk factor is highly predictive of PTC
without aggressive histopathologic characteristics.

There are several limitations to our study. One limitation is
that cervical US is highly operator dependent. All the US
images were reviewed by a single, experienced radiologist,
but the studies were performed by different US technologists.
Despite utilizing standardized imaging protocols, interob-
server variability for US imaging remained an issue, and on-
going prospective validation studies with a review by two
independent radiologists will help address this limitation.
Another bias inherent to the study design is that the radiol-
ogist who performed the blinded review was aware that all
the nodules were PTC. Therefore, whether the current con-
clusions can be applied to patients who present with a thyroid
nodule of unknown histology is not clear.

In summary, we investigated the suspicious US character-
istics previously known to be predictive of PTC and found
that five of the six are highly associated with BRAF-positive
PTC. The presence of either BRAF positivity and/or ‡ 1 sus-
picious US characteristic was able to identify the PTC asso-
ciated with ETT and central compartment LNM in almost all
patients. Conversely, the absence of BRAFV600E and all five
suspicious US features is highly predictive of PTC without
aggressive histopathology, and these patients may not benefit
from surgical adjuncts such as prophylactic central compart-
ment lymph node dissection. Even without available preop-
erative BRAF testing, absence of the five suspicious US
features had a high NPV for PTC with ETT or LNM. The
current findings suggest that since an operative strategy
during thyroidectomy for PTC requires adequate surgical
margins and an assessment for central lymphadenopathy,
patients with PTC who are sonographically suspicious for
BRAF positivity may not be the best candidates for minimally
invasive thyroidectomy techniques. Our data on the preop-
erative US appearance of poor-prognosis PTC further con-
tribute to the evolving management of PTC and provide
additional confirmation that routine cervical US and routine
molecular testing can contribute to improving risk stratifica-
tion and impact initial surgical management for PTC patients.

Acknowledgment

This study received statistical support from the University
of Pittsburgh Clinical Translational Sciences Institute (NIH/
NCRR/CTSA Grant UL1 RR024153).

Disclosure Statement

No competing financial interests exist.

588 KABAKER ET AL.



References

1. Davies L, Welch HG 2006 Increasing incidence of thyroid
cancer in the United States, 1973–2002. JAMA 295:2164–2167.

2. Kilfoy BA, Zheng T, Holford TR, Han X, Ward MH, Sjodin
A, Zhang Y, Bai Y, Zhu C, Guo GL, Rothman N, Zhang Y
2009 International patterns and trends in thyroid cancer in-
cidence, 1973–2002. Cancer Causes Control 20:525–531.

3. American Thyroid Association (ATA) Guidelines Taskforce
on Thyroid Nodules and Differentiated Thyroid Cancer,
Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL,
Mandel SJ, Mazzaferri EL, McIver B, Pacini F, Schlumberger
M, Sherman SI, Steward DL, Tuttle RM 2009 Revised
American Thyroid Association management guidelines for
patients with thyroid nodules and differentiated thyroid
cancer. Thyroid 19:1167–1214.

4. Gharib H, Papini E, Paschke R, Duick DS, Valcavi R, He-
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