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Introduction: RAS mutations are common in thyroid tumors and confer a high risk of cancer when
detected in fine-needle aspiration (FNA) specimens. Specific characteristics of RAS-positive thyroid
cancers are not well described.

Methods: From April 2007 to April 2009, 921 consecutive patients undergoing FNA were evaluated
prospectively with a panel of molecular markers. Ultrasonographic, cytological, histological, and
surgical outcomes were retrospectively assessed.

Results: Sixty-eight aspirates from 66 patients were positive for RAS mutations including 63 cyto-
logically indeterminate (93%), 3 malignant (4%), and 2 benign (3%) specimens. Cancer was his-
tologically confirmed in 52 of 63 aspirates (83%) including the following: 46 papillary thyroid
cancers, 4 follicular thyroid cancers, 1 medullary cancer, and 1 anaplastic cancer. All 46 RAS-positive
papillary thyroid cancers, including 1 metastatic cancer, had follicular variant histology papillary
thyroid cancer; only 11 tumors demonstrated vascular/capsular invasion and 4 had infiltrative
growth. Of 48 patients with differentiated thyroid cancer, lymph node metastasis was uncommon
and bilateral cancer was present in 48%. Only 33% of malignant nodules were suspicious by
preoperative ultrasonography. At a mean follow-up of 22 months, 31 of 35 differentiated thyroid
cancer patients (89%) have no evidence of recurrence, 4 patients (9%) have detectable thyroglob-
ulin, 1 patient has bone metastases, and both patients with medullary and anaplastic cancer have
died.

Conclusion: Most RAS-positive thyroid cancers have indeterminate cytology, lack suspicious ultra-
sound features, and are histologically low-grade follicular variant histology papillary thyroid can-
cer. Lymph node and distant metastases are uncommon but bilateral disease is frequent. Total
thyroidectomy should be considered for initial surgical management of most patients with RAS-
positive FNA results. The role of prophylactic lymphadenectomy remains unclear. (J Clin Endocrinol
Metab 98: E914–E922, 2013)
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Abbreviations: ATC, anaplastic thyroid cancer; AUS, atypia of undetermined significance;
CND, compartment node dissection; DTC, differentiated thyroid carcinoma; FA, follicular
adenoma; FLUS, follicular lesion of undetermined significance; FNA, fine-needle aspiration;
FN/SFN, follicular neoplasm/suspicious for follicular neoplasm; FTC, follicular thyroid car-
cinoma; FVPTC, follicular variant PTC; HN, hyperplastic nodule; LN, lymph node; MTC,
medullary thyroid carcinoma; NPV, negative predictive value; PPV, positive predictive value;
PTC, papillary thyroid cancer; RAI, radioiodine; Tg, thyroglobulin; TT, total thyroidectomy;
XRT, head or neck radiation.
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Thyroid nodules can be detected in up to 50% of oth-
erwise healthy patients by the fifth or sixth decade

(1). Despite this high prevalence, only 5%–15% of thyroid
nodules are malignant (2, 3). Fine-needle aspiration
(FNA) cytology remains the gold standard for definitive
nonsurgical evaluation of nodules. However, a rapidly
growing literature has demonstrated that molecular ge-
netic testing not only improves diagnostic accuracy of
FNA but also shows that mutations identified during FNA
are independent predictors of malignancy in specimens
with indeterminate cytology (4–7). Many of these muta-
tions occur in genes coding for intermediates of the path-
way that plays a central role in thyroid tumorigenesis (8).
The BRAFV600E mutation is the most common and per-
haps best-studied mutation of the MAPK pathway. RAS
mutations are also common, accounting for 10%–20% of
papillary and 40%–50% of follicular thyroid cancers (9).
Compared with BRAF mutations, far less is known about
the role of RAS mutation in thyroid tumorigenesis and the
clinical behavior of thyroid cancers that harbor RAS
mutations.

RAS functions downstream from mitogenic growth
factor receptors as a key membrane bound GTPase signal
transduction protein. RAS thereby acts as a molecular
switch, signaling along the MAPK, phosphatidylinositol
3-kinase/AKT, and other intracellular signaling path-
ways, controlling diverse cellular processes such as differ-
entiation, proliferation, and cell survival (10, 11). Three
highly homologous human RAS genes, NRAS, KRAS, and
HRAS, have been described (12). Oncogenic alleles of
RAS carry mutations in specific hotspots of the 3 genes in
codons 12, 13, and 61 (11). These mutations cause loss of
intrinsic GTPase activity, leading to constitutive activa-
tion of RAS and increased activation of MAPK and alter-
nate pathway signaling (11, 13).

Activating mutations of RAS in thyroid epithelial cells
were first reported in the 1980s, but only recently have
been directly implicated as early and frequent events in
transformation and proliferation of thyroid carcinoma
(14, 15). However, the diagnostic and prognostic impor-
tance of RAS mutations has been obscured because these
mutations are often reported not only in thyroid cancers
but also in follicular adenomas (FAs) and histologically
hyperplastic nodules (HNs) as well (16). Better under-
standing of the role of RAS mutation in thyroid carcino-
genesis is important in light of the expanding use of mu-
tational analysis in preoperative thyroid FNA evaluation.
In this report, we provide the first comprehensive charac-
terization of the clinical, histopathological, and radio-
graphic features of the largest series to date of thyroid
tumors harboring RAS mutations detected prospectively
in thyroid FNA samples.

Materials and Methods

Study cohort
Under a University of Pittsburgh Institutional Review Board

protocol, we retrieved and examined the records associated with
68 FNAs from 66 consecutive patients who had molecular ge-
netics results positive for any type of RAS mutation from April
2007 through April 2009. Additionally, 187 consecutive cyto-
logically malignant specimens were also tested for RAS muta-
tions. RAS mutations were assessed as part of a panel of molec-
ular genetic tests including RAS, BRAF, RET/PTC, and PAX8/
PPAR� that were collected prospectively on all thyroid FNAs
performed at our institution during this period. Molecular test-
ing was performed reflexively on all specimens with indetermi-
nate cytology or cytology positive for malignant cells or by the
request of the treating physician. Molecular testing was not rou-
tinely performed in cases with unsatisfactory or benign cytology.
The reported results represent a total of 1320 consecutive FNAs
from 921 patients, collected during the study period. A portion
of the subjects in this series was included in a previous study that
established the predictive value of RAS mutations for malig-
nancy in cytologically indeterminate FNA specimens (7).

All patients and records were queried preoperatively for a
positive family history of primary thyroid cancer in a first-degree
relative and a history of head or neck radiation (XRT). Thyroid
surgery was recommended when FNA cytology was malignant,
suspicious for malignant cells, follicular neoplasm/suspicious for
follicular neoplasm (FN/SFN), atypical, repeatedly atypia of un-
determined significance/follicular lesion of undetermined signif-
icance (AUS/FLUS), or repeatedly nondiagnostic or for indica-
tions such as significant nodule enlargement, nodule size greater
than 4 cm, or 20% or greater tracheal compression by substernal
goiter (17–19). When thyroid surgery was indicated, total thy-
roidectomy (TT) rather than diagnostic lobectomy and isth-
musthectomy was recommended for features including malig-
nant or suspicious cytology, indeterminate cytology in nodules 4
cm or greater, XRT history, positive family history, and chronic
hypothyroidism. Additionally, when lobectomy alone would
have been indicated by standard criteria, TT was offered to all
patients with RAS-positive nodules after detailed counseling
about the increased risk of cancer conveyed by the presence of a
RAS mutation. Compartment-oriented central compartment
node dissection (CND) was performed together with TT accord-
ing to preoperative findings or surgeon preference.

Preoperative ultrasonography images available for 49 pa-
tients with 51 nodules with known tumor histology underwent
blinded review by a single radiologist (A.K.D.). The presence of
1 or more of the following established radiographic features was
considered suspicious for papillary thyroid cancer: markedly hy-
poechoic appearance, increased intranodular vascularity on
Doppler flow interrogation, irregular borders, microcalcifica-
tions, taller than wide nodule shape, and presence of edge-
refractive shadow (2, 18).

Mutational analysis
Sample collection and testing for RAS, BRAF, RET/PTC, and

PAX8/PPAR� was performed as described previously (7).
Briefly, after slide preparation after routine FNA, residual ma-
terial in a standard 25–27G needle was ejected into 20 �L of
nucleic acid preservative solution. Total nucleic acids were ex-
tracted and sample adequacy for molecular analysis was assessed
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based on the general quantity and quality of isolated nucleic acids
and the proportion of epithelial cells within the sample. NRAS
codon 61, HRAS codon 61, KRAS codons 12 and 13 point mu-
tations were detected using real-time LightCycler PCR (Roche
Applied Science, Indianapolis, Indiana) and fluorescence melting
curve analysis as part of a larger mutational panel that also in-
cluded BRAFV600E point mutation and RET/PTC1, RET/
PTC3, and PAX8/PPAR� rearrangements. The sensitivity of
mutation detection for RAS was 10% of mutant alleles.

After surgery, all histological specimens were retested for
RAS mutations using DNA isolated from formalin-fixed and
paraffin-embedded tissue following the same detection ap-
proach. All detected RAS mutations were further confirmed by
Sanger sequencing.

Cytological and histological review
All aspirated nodules were 1 cm or greater, and FNA was

performed for indications based on American Thyroid Associ-
ation guidelines that were current at the time of care (18, 20).
FNA cytology samples processed prior to September 2008 when
Bethesda reporting terminology was implemented at our insti-
tution were reviewed and reclassified based on Bethesda con-
sensus nomenclature by a single cytopathologist (N.P.O.) (21).
All tumors were staged based on American Joint Committee on
Cancer criteria (22). Histological slides were subsequently re-
viewed by a single pathologist (Y.E.N.) to confirm the diagnosis,
evaluate the distribution of the nuclear features of papillary car-
cinoma within each nodule, and establish the presence of tumor
encapsulation and capsular or vascular invasion.

Results

Patient characteristics, FNA results, and FNA
mutational status

During the study interval, 68 aspirates from 66 patients
were positive for RAS mutations (Figure 1). All RAS mu-
tations detected in the 68 cytological specimens were

reconfirmed in the corresponding
histological specimens with 100%
concordance in this study. Point mu-
tations were identified in NRAS
codon 61 in 49 (72%), HRAS codon
61 in 15 (22%), and KRAS codons
12 of 13 in 4 (6%) aspirates. These
included 67 aspirates of thyroid nod-
ules and a single aspirate from an
NRAS61-positive metastatic papil-
lary thyroid cancer (PTC) in a patient
who presented with bulky cervical
adenopathy and metastasis to the C3
vertebral body; given the presence of
distant metastasis, FNA of the thy-
roid itself was not done. A family his-
tory of thyroid cancer was found in 7
patients (12%), and there was a prior
history of XRT to the head and neck
for 2 patients (3%).

Based on the Bethesda classification nomenclature for
thyroid FNA cytology, 63 of 68 RAS-positive aspirates
(93%) had a diagnosis within indeterminate categories, 3
(4%) were malignant, and 2 (3%) were negative for ma-
lignant cells (Figure 1) (21). Of the 63 cytologically inde-
terminate aspirates, 32 (51%) were classified as follicular
neoplasm/suspicious for follicular neoplasm, 22 (35%) as
AUS/FLUS, and 9 (14%) as suspicious for malignant cells.
None of the 187 additional cytologically malignant spec-
imens or their corresponding histological specimens con-
tained RAS mutations.

Operative management
Demographic information and histological outcomes

for 61 surgically managed patients who contributed 63
RAS-positive aspirates appear in Table 1. A conventional
indication for surgery was present in 60 of 61 patients
including 3 with FNA cytology-positive for malignant
cells, 8 aspirates suspicious for malignant cells, 31 aspi-
rates FN/SFN, or repeated AUS/FLUS cytology in 18 cases,
and 1 patient with benign cytology noted in a 2.5-cm thy-
roid nodule positive for an NRAS61 mutation underwent
TT for intractable thyroid pain. Of 15 patients with a
RAS-positive FNA and a standard indication for lobec-
tomy, 10 chose initial TT instead. All 10 (100%) had dif-
ferentiated thyroid carcinoma (DTC) on histology of
which 6 of 10 (60%) were bilateral. Bilateral cancers con-
sisted of microcarcinoma ranging in size from 0.1 to 0.9
cm in 5 cases and a single patient with a 3.1-cm follicular
variant PTC (FVPTC). Of 14 patients who had RAS-pos-
itive cancer at lobectomy, 11 received completion thyroid-
ectomy. Of these, 3 patients (27%) had a contralateral

Figure 1. Cytological and histopathological diagnosis of 68 RAS-positive aspirates from 66
patients.
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cancer, including 2 incidental papillary microcarcinomas
and a 3-cm FVPTC. Completion thyroidectomy was de-
ferred for the remaining 3 patients who at initial lobec-
tomy had single foci of encapsulated FVPTC, measuring
1.2 cm, 0.9 cm, and 0.6 cm, respectively.

Histological analysis
Of 63 aspirates from 61 RAS-positive patients man-

aged surgically, cancer was histologically confirmed in 52
specimens from 50 patients (Table 1 and Figure 1). The
presence of a RAS mutation was associated with cancer in
52 of 63 aspirates, yielding a positive predictive value
(PPV) of 83% in this series. RAS-positive cancers included
46 FVPTCs, 4 follicular thyroid carcinomas (FTCs), 1
medullary thyroid carcinoma (MTC), and 1 anaplastic
thyroid cancer (ATC). Of the 46 FVPTCs, 42 had a
smooth border and a well-defined capsule. Of these, 31
FVPTCs had no invasion and 11 had tumor capsule or
vascular invasion (Figure 2A). The remaining 4 of 46
FVPTC had infiltrative growth and no tumor capsule (Fig-

ure 2B). The patient who presented with distant metastasis
to C3 had an encapsulated invasive FVPTC positive for
NRAS61 mutation. Two patients with RAS-positive can-
cers also had discrete ipsilateral cancers positive for
BRAFV600E.

One patient with RAS-positive MTC had CND and a
left modified radical neck dissection demonstrating 13 of
17 metastatic lymph nodes. Among the 48 patients with
histological DTC, 22 had 1 or more lymph nodes resected
at thyroidectomy (Table 1). These included the patient
with encapsulated invasive FVPTC with distant metastasis
to C3 treated by central and lateral compartment dissec-
tion, 2 DTC patients with CND by surgeon choice, and 19
DTC patients with 1 or more lymph nodes removed inci-
dentally. Lymph node (LN) metastasis was noted in 2 of 22
patients with RAS-positive DTC including the patient
with distant metastasis to C3, and 1 patient with both an
encapsulated invasive 2.8-cm NRAS61 FVPTC with cap-
sular and vascular invasion and a 1.2-cm tall cell variant

Table 1. Demographic and Histological Features of 61 RAS-Positive Patients With Surgical Follow-Up

FVPTC

FTC MTC ATC Benign Total

Encapsulated

InfiltrativeNoninvasive Invasive

Patients, n 29 11 4 4 1 1 11 61
Aspirates, n 31 11 4 4 1 1 11 63
Age, y

Mean (range) 39 (19–77) 51 (19–74) 46 (28–65) 55 (23–73) 76 (n/a) 65 (n/a) 53 (23–76)
�45 17 3 2 2 n/a n/a 4 28
�45 12 8 2 2 1 1 7 33

Gender
Female 25 10 2 4 n/a n/a 10 51
Male 4 1 2 0 1 1 1 10

Tumor
Mean size, cm

(range)
1.8 (0.4–5.0) 2.5 (0.9–4.3) 1.25 (1.0–6.3) 3.1 (2.1–4.0) 3.2 6.5

T1 18 4 3 0 n/a n/a n/a 25
T2 10 4 0 3 n/a n/a n/a 17
T3 1 2 1 1 n/a 1 n/a 6
T4 0 1 0 0 1 n/a n/a 2

Lymph node status
N0 13 3 3 1 0 0 n/a 20
N1 0 2 0 0 1 0 n/a 3
NX 16 6 1 3 0 1 n/a 27

Metastases at
diagnosis

MX 29 10 4 4 1 1 n/a 49
M1 0 1 0 0 n/a n/a n/a 1

Laterality
Unilateral 15 5 2 4 n/a n/a n/a 26
Bilateral 14 6 2 0 1 1 n/a 24

Extent of surgery
Lobectomy 11 2 1 1 n/a n/a 5 20
Total

thyroidectomy
18 9 3 3 1 1 6 41

Abbreviation: n/a, not available.
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PTC positive for BRAFV600E. Because of the small size of
the LN metastases in this latter case, we were not able to
determine whether the metastatic LNs contained BRAF or
RAS mutations.

For 3 cases of RAS-positive cancer noted at diagnostic
lobectomy, completion thyroidectomy was deferred, and
these cases are reported as unilateral cancers. Bilateral
cancer was present in 24 of 50 cases (48%). Excluding the
MTC and ATC patients, of the remaining 22 bilateral
DTC cases, 15 contralateral tumors (68%) were 1 cm or
less, 7 (32%) were greater than 1 cm; RAS mutations
were present in 10 (45%), 1 (5%) was positive for
BRAFV600E, and 11 (50%) were not tested because of
small tumor size.

Genetic microdissection analysis
Microscopic examination of the encapsulated and non-

invasive FVPTC tumors revealed that some tumors had
nuclear features of papillary carcinoma diffusely through-
out the nodule, whereas other specimens showed signifi-
cant variability in the presence of these nuclear features.
We hypothesized that if RAS mutations were an early
event in progression of these cancers, they would be pres-
ent in all areas within each tumor. We therefore selected 4
representative cases (2 positive for NRAS61 and 2 for
HRAS61) and microdissected 3 separate areas in each tu-
mor, which demonstrated a range of nuclear features of
PTC, varying from minimal to clear-cut (Figure 3). Mo-
lecular analysis demonstrated that RAS mutations were
uniformly present in all dissected areas. Despite the het-
erogeneity in the histological appearance of the cancer in
these lesions, the common finding of homogeneously dis-
tributed RAS mutation confirms that these selected lesions
were clonal neoplasms. This finding supports the role of
RAS mutation as an early and key event in thyroid
tumorigenesis.

Of 63 RAS-positive aspirates, 11 (17%) with histolog-
ical correlation were benign. Of these, 7 nodules were
initially classified as FA based on predominantly micro-
follicular architecture and 4 others were classified as HN

based on the presence of normal to
large-sized follicles with abundant
colloid. To determine whether the le-
sions diagnosed as HN were indeed
nonclonal hyperplastic lesions, we
microdissected 3 different areas in a
representative HN positive for an
NRAS61 mutation and a second HN
positive for an HRAS61 mutation.
High levels of RAS mutations were
found in all 3 microdissected regions
within each nodule. Therefore, de-
spite the histological appearance

suggestive of a nonclonal HN, the homogeneous distribu-
tion of the RAS mutations within these nodules indicates
that they are clonal neoplasms driven by a RAS mutation
and would be more correctly classified as FA.

Preoperative ultrasound features and correlation
with diagnosis

Among 51 RAS-positive thyroid nodules for which pre-
operative neck ultrasound images were available, blinded
review showed that 19 nodules (37%) had at least 1 sus-
picious feature. Of these, 17 were histologically malig-
nant, yielding a PPV of 89% and a specificity of 67%.
However, 28 of 32 nodules without suspicious features
(88%) also proved to be malignant on final histology.
Negative predictive value (NPV) and sensitivity were
therefore only 13% and 38%, respectively, demonstrating
the significant limitations of ultrasound evaluation of
nodules with RAS mutations. Even inclusion of Doppler
flow assessment for increased intranodular vascularity,
which has been reported to improve the diagnostic yield in
histologically follicular lesions such as FVPTC and FTC,
was of only limited benefit (23–25). In a subset of 10 of 51
nodules with this finding, malignancy was present in 9 of
10 hypervascular nodules. For 8 malignant nodules, hy-
pervascularity was the only suspicious finding. However,
hypervascularity was absent in the other 41 RAS lesions,
of which 36 were malignant. Despite a specificity and a
PPV of 83% and 90%, respectively, the poor sensitivity of
20% and NPV of 12% also limited the usefulness of Dopp-
ler flow assessment of intranodular vascularity.

Postoperative management and follow-up
Follow-up data were available for 37 of the 50 patients

with histologically proven cancer. Excluding the cases of
MTC and ATC, 31 of 35 patients received radioiodine
(RAI) ablation with a mean activity of 87.5 (�32.9) mCi
for the 30 M0 patients and an activity of 317 mCi for the
single patient who presented with C3 metastases. This pa-
tient also received external beam radiation. To date, with

Figure 2. A, Encapsulated FVPTC. Note the smooth thin capsule surrounding the tumor (arrow).
B, Infiltrative FVPTC. Note an irregular, invasive tumor border (arrow).
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a mean follow-up interval of 21.8 months (SD � 8.7, range
12–38 months) 31 of 35 patients (89%) have no evidence
of recurrence based on undetectable serial thyroglobulin
(Tg) measurements and negative neck ultrasonography.
Detectable Tg has been noted in 4 of 35 patients (11%).
Two of these also had discrete BRAFV600E cancers, one
of whom has an ungenotyped distant metastasis noted on
follow-up RAI imaging. A patient with an NRAS61-en-
capsulated invasive FVPTC continues to have detectable
Tg on follow-up without evidence of structural disease.
The patient with C3 metastases continues to have a Tg of
1600 ng/mL on suppressive doses of T4 with an 18F-fluo-
rodeoxyglucose-avid C3 lytic lesion. One patient with

ATC presented with a T4 tumor with
local invasion into skeletal muscle
and died while receiving palliative
treatment. The patient with MTC
had positive surgical margins, con-
tinued postoperative calcitoninemia,
and died after a prolonged postop-
erative course.

Discussion

In this study we not only reconfirm a
previously described strong associa-
tion between RAS mutations de-
tected in thyroid FNA specimens and
thyroid cancer risk (4, 5, 7) but also
report for the first time a comprehen-
sive characterization of biological,
clinical, and histopathological fea-
tures of tumors associated with RAS
mutations. Our data also show that
although RAS mutations can be
found all types of thyroid tumors in-
cluding MTC and ATC, the vast ma-
jority of RAS-positive tumors are
FVPTC with characteristic pheno-
typic and clinical features. A smaller
but significant group of these tumors
are FTC.

Histologically, follicular lesions
including FVPTC, FTC, and FA are
notoriously difficult to resolve as be-
nign or malignant by cytology (26,
27). In the case of FVPTC, this is due
to an absence of papillary growth as
well as the typically limited expres-
sion of convincing nuclear features
of PTC (28, 29). For FTC, diagnosis
is usually not possible because iden-

tification of the capsular and vascular invasion that are the
sine qua non of these cancers requires a histological spec-
imen (28, 29). It should therefore not be surprising that the
preponderance of histologically follicular-patterned le-
sions reported here resulted in 93% of nodules with RAS
mutations being classified as indeterminate on presurgical
FNA. Importantly, during the same period of study, 187
additional cytologically malignant specimens were also
tested, none of which was positive for RAS mutations.
This study provides the reason for this finding, ie, RAS-
positive cancers are almost exclusively follicular variant of
papillary carcinoma or follicular carcinomas, both of

Figure 3. The tumor has a thin capsule (upper panel arrows) and shows microfollicular areas
with well-developed nuclear features of PTC (tumor area A), areas composed of larger follicles
with borderline nuclear features of PTC (tumor area B), and areas with large follicles lacking
nuclear features of PTC (tumor area C). When tested separately, all 3 areas were positive for the
same NRAS61 mutation.
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which are rarely diagnosed as cancer on cytology. The
strong predictive value of RAS mutations as well as their
predominance in histologically follicular pattern lesions
emphasizes the importance of RAS mutations as a valu-
able diagnostic marker for tumors that may be difficult or
impossible to diagnose conclusively by cytology.

Of the 11 benign nodules in this series, 7 were initially
designated as FA and 4 others as HN. Histological features
of FA and HN have significant overlap and the diagnostic
distinction is primarily based on subjective impression of
colloid abundance and follicle size (30). However, all of
these nodules contained RAS mutations and 2 represen-
tative microdissected HN had RAS mutations present uni-
formly throughout the nodule. This finding suggests that
these tumors would be better classified as clonal neo-
plasms, ie, as FA, despite the histological appearance sug-
gestive of nonclonal HN. It is likely that many such RAS-
positive clonal FA have similarly been misclassified as
nonclonal histologically benign HN, obscuring the impor-
tance of RAS as a marker of not only malignancy but of
neoplasia as well (16). Furthermore, the RAS-positive tu-
mors in this study are distributed along a histological con-
tinuum from benign FA, through ATC, and include his-
tologically intermediate carcinomas such as encapsulated
and histologically bland-appearing FVPTC with and with-
out capsular invasion, as well as infiltrative nonencapsu-
lated FVPTC, and FTC. These observations along with
data from multiple studies showing that RAS mutations
occur in 20%– 40% of ATC align with experimental
evidence supporting the role of RAS mutation as an early
transformative event associated with step-wise tumorigene-
sis leading from adenoma to carcinoma (31, 32). Addition-
ally, this histological continuum suggests that RAS muta-
tions may be critical for the development of invasive
histology and, rarely, further progression to ATC (33).

A single case of MTC was positive for an HRAS61
mutation. This mutation was noted both on presurgical
cytology and confirmed with repeat genetic analysis on the
histological specimen. Although not typically thought of
as a common mutation in MTC, a growing literature sug-
gests that RAS also plays a role in MTC tumorigenesis.
Expression of v-Ha-ras has been shown to cause MTC in
rascal transgenic mice, and a recent report notes that up to
68%of sporadic RET-negativehumanMTCscontainmu-
tations of RAS (34, 35).

By incorporating neck ultrasonography to assess nod-
ules for the presence of high-risk features, many have pro-
posed that FNA can be used more selectively with im-
proved diagnostic yield (2, 18). Although numerous
ultrasonographic features identifying nodules with an in-
creased risk of malignancy have been reported, these are
frequently absent, thus limiting sensitivity and NPV (2).

More importantly, these features apply most specifically
to the diagnosis of conventional PTC. Radiographic fea-
tures suggestive of malignancy in histologically follicular
lesions, the type predominating in this study, are far less
well characterized. The use of Doppler flow ultrasonog-
raphy for the assessment of intranodular vascularity was
reported to improve the detection of otherwise bland-ap-
pearing lesions with follicular histology (23, 25, 36). Al-
though we found a relatively high specificity and PPV for
the preoperative ultrasonographic identification of nod-
ules with suspicious features, even when including Dopp-
ler flow assessment, most of the histologically follicular
cancers evaluated in this series were missed by ultrasound.
Our findings show that although suspicious ultrasono-
graphic features are useful when present, most RAS-pos-
itive cancers lack suspicious features of any type, including
the increased intranodular vascularity on Doppler flow
assessment.

Because molecular testing has been routinely used at
our institution only since 2007, follow-up is limited to a
mean only 21.8 months and only for 35 of 48 patients with
DTC. Despite these limitations, the vast majority of pa-
tients have no evidence of persistent or recurrent disease,
suggesting that RAS-positive DTC is typically low risk.
Among patients with RAS-positive DTC, lymph node me-
tastasis was rare and only 1 patient with an invasive
FVPTC presented with a distant metastasis. The encapsu-
lated noninvasive RAS-positive FVPTCs that predomi-
nate in this series appear to be especially low risk. Al-
though LN dissection was not done systematically, all
patients with encapsulated noninvasive FVPTCs who un-
derwent CND were N0 and none had distant metastases.
These findings are consistent with other large studies that
show the very low metastatic potential of FVPTC (28, 37,
38). One of these reports from Liu et al (37) suggests that
based on the absence of long-term recurrence in the subset
of patients with encapsulated noninvasive FVPTC, lobec-
tomy alone was sufficient treatment for these patients.
However, we believe that our observation of bilateral can-
cer in almost half of all patients with RAS-positive cancers
suggests that total thyroidectomy is a more appropriate
surgical management option.

Prior reports concerning FVPTC have also demon-
strated that encapsulated tumors with invasion, and infil-
trative types of FVPTC are more clinically aggressive, with
an increased prevalence of locoregional LN and distant
metastasis (28, 37, 38). Both of these variants were un-
common in our series. Nonetheless, the invasive encapsu-
lated FVPTC we report were aggressive, accounting for 1
patient who presented with locoregional LN metastases
and a second patient who presented with both cervical
metastases and distant metastases to the cervical spine.
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Because RAS mutations are also found in a significant
proportion of poorly differentiated and anaplastic can-
cers, as was also documented in this study, it is justifiable
to consider surgical management of all RAS-positive nod-
ules to establish the invasiveness of the tumors and prevent
cancer progression. We also believe that unless gross dis-
ease is evident either by presurgical neck ultrasonography
or based on intraoperative findings, LN dissection is not
necessary for most RAS-positive cancers. However, addi-
tional studies with a more systematic approach to CND
will be needed to definitively answer this question.
Whether RAI therapy is necessary for the treatment of
RAS-positive thyroid cancers is unclear. Most cancers in
this series containing RAS mutations were fully encapsu-
lated and showed no invasion. However, 4 patients had
FTC, 2 patients continue to have persistently detectable Tg
without evidence of structural disease, and 2 other pa-
tients with RAS-positive cancers have distant metastases.
These findings suggest that therapy with adjuvant RAI and
TSH suppression may be unnecessary in most cases, par-
ticularly those cases with completely encapsulated nonin-
vasive cancer. However, more aggressive management in-
cluding RAI ablation and TSH suppression may be
appropriate in a subset of RAS-positive tumors with his-
tologically aggressive features.
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