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Abstract

Metastatic papillary thyroid carcinoma without an identifiable primary tumor despite extensive
microscopic examination of the thyroid gland is a rare but true phenomenon. We retrieved seven of
such cases and described in details the clinical and pathologic features of these tumors. BRAF
V600E immunohistochemistry and Sequenom molecular profile were conducted in selected cases.
All patients harbored metastatic disease in the central (n = 3), lateral (n = 3), or both neck
compartments (n = 1). The histotype of the metastatic disease was papillary thyroid carcinoma
(PTC, n =5), poorly differentiated thyroid carcinoma (PDTC) in association with a PTC columnar
variant (n = 1), and anaplastic thyroid carcinoma (ATC) in association with a PTC tall cell variant
(n = 1). Fibrosis was present in the thyroid of five patients. All patients with PTC were alive
without evidence of recurrence. The 76-year-old patient with PDTC did not recur and died of
unknown causes. Finally, the patient with ATC was alive with distant metastasis at last follow up.
The median follow up for this cohort was 2.2 years (range 0.8 — 17). BRAF V600E was detected
in 4 of 6 cases by immunohistochemistry. In conclusion, metastatic nodal disease without
identifiable thyroid primary is a rare but real phenomenon of unknown mechanisms. Although
most tumors are low grade and well differentiated, aggressive behavior due to poorly differentiated
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or anaplastic carcinoma can happen. Most cases are BRAF V800 positive thyroid tumors. A
papillary carcinoma phenotype is found in all reported cases.
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Introduction

Papillary thyroid carcinoma (PTC) with clinically apparent nodal or distant metastasis but
lacking a primary cancer in the thyroid on pre-operative ultrasonographic examination is
referred by some as occult PTC (1-3). In the majority of cases, the primary carcinomas are
identified after careful pathologic examination of the total thyroidectomy specimen, mostly
in the form of papillary microcarcinoma (i.e. tumors of < 1 cm in size) (1, 2). However, we
have encountered rare cases where the primary tumors were not detected even after thorough
and complete pathologic examination of the thyroid. To date, only two well documented
cases with entire microscopic examination of the thyroid gland but without mutation
analysis have been reported (2, 4). The clinical presentation, pathologic features, molecular
findings and outcome of these metastatic thyroid carcinomas without detectable primary
have not been well characterized. In this study, we gathered seven of such cases and
provided a detailed clinico-pathologic review of these tumors, including an effort to detect
BRAF mutation on selected cases using BRAF immunohistochemistry and molecular
profiling, aiming to shed some lights on this rare phenomenon in thyroid carcinoma.

Material and Methods

Study cohort

The pathology database of Memorial Sloan Kettering Cancer center (MSKCC) was searched
for candidate patients who underwent total thyroidectomy with histologically confirmed
nodal metastasis of thyroid carcinoma but no detectable primary tumors in the
thyroidectomy between 2000 and 2016. All cases were reviewed by at least two endocrine
pathologists (BX and RG) to confirm the histotype of the metastases and the absence of
primary tumor. One additional case was contributed from Cornell University Medical Center
by one of the authors (TS). Cases were included in the study if they displayed 1)
histologically confirmed metastatic thyroid carcinoma in lymph nodes with 2) absence of
thyroid primary after 3) histopathologic examination of the entire gland. A total of seven
cases fulfilling the above criteria were included in the present study. All seven cases lacked
any suspicious or definite area(s) of papillary thyroid carcinoma in the thyroid gland proper
after through histologic examination of the entirely submitted thyroid, and exhibited
diagnostic nuclear features of papillary thyroid carcinoma in the nodal metastasis (e.g.
nuclear crowding, nuclear enlargement, nuclear membrane irregularity and chromatin
clearing), allowing definite diagnosis of metastasis and distinguishing them from benign
mimickers (e.g. benign thyroid inclusion within a lymph node). The study was approved by
the institutional review board of MSKCC.
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Clinical and pathologic review

The patients’ charts were reviewed to record the following clinical parameters: age at
diagnosis, sex, radiation exposure, pre and post-operative thyroglobulin (TG) and anti-TG
levels, status of postoperative radioactive iodine ablation, duration of clinical follow up
(FU), and clinical outcome. The following pathologic parameters of the nodal metastases
were documented: total number of lymph nodes sampled; number of lymph nodes with
metastatic thyroid carcinoma; location of the positive lymph nodes (central vs. lateral neck
compartment); size of the largest involved lymph nodes and largest metastatic focus;
extranodal extension, and histotype of the metastatic carcinoma. Poorly differentiated
carcinoma (PDTC) was defined using the MSKCC criteria (5). In brief, a diagnosis of PDTC
was rendered when a tumor exhibited tumoral necrosis or elevated mitotic index of =2 5
mitotic figures per 10 high power fields (HPFs, 400X) regardless of the growth pattern and
nuclear features.

The pathologic features of the thyroidectomy, including benign thyroid diseases (e.g. chronic
lymphocytic thyroiditis or nodular hyperplasia) and the presence and extent of fibrosis, were
collected.

BRAF immunohistochemistry

Six cases (Cases #1, 2, 3, 4, 6, and 7) with available material were subjected to
immunohistochemistry analysis using the VE1 antibody directed against the BRAF V600E
mutated protein (Spring Bioscience, Pleasanton, California, 1:50 dilution) in the nodal
metastasis. The procedure was performed using the Ventana semiautomated staining system
(Ventana Medical Systems, Inc., Tucson, Arizona). Staining intensity was scored as 0 (no
staining), 1+ (faint), 2+ (moderate), and 3+ (strong) as previously described (6). A positive
control consisted of a melanoma positive for BRAFY690E mutation at the DNA and protein
level and negative external and internal controls (including background lymph node, thyroid,
and tonsillar tissue) were used with each run. In brief, a tumor was considered
immunopositive for BRAF V600E if it displayed a staining intensity of 3+.

Sequenom mutation profiling

Results

One case harboring anaplastic thyroid carcinoma (ATC) in the lymph node (case #7) was
profiled using a MassARRAY system (Sequenom) based on matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-TOF MS). Tumor sample DNA was
used to interrogate for the presence of single nucleotide variant (SNV) in 91 hot-spots in 8
oncogenes: EGFR, KRAS, BRAF, PIK3CA, AKTI1, NRAS, MEK1 (MAPK1), and ERBBZ,
as previously described (7).

Clinical presentation and outcome

The clinico-pathologic characteristics of the study cohort are summarized in Table 1. The
median age of presentation was 55 (range 30 — 76). There was near equal gender distribution
with a female to male ratio of 1.3:1. None of the patients had prior radiation exposure to the
head and neck region. Three patients in our cohorts underwent total thyroidectomy for
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benign conditions (e.g. thyroid nodules or Grave’s disease; patients #2, 4, and 5) and were
found to have lymph node metastases in the central neck compartment; three (patients #1, 6,
and 7) presented with lateral neck mass with a diagnosis of metastatic carcinoma confirmed
on fine needle aspiration cytology; and one (patient #3) was found to have incidental nodal
metastatic papillary thyroid carcinoma (pN1a) in a resection specimen for laryngeal
squamous cell carcinoma. Three patients did not have interpretable post-operative serum TG
levels because of high anti-thyroglobulin antibodies (patients #1 and #7), or simply because
the postoperative serum TG assay was not performed (patient #3). The remaining four
patients had low postoperative (i.e. < 0.3 ng/ml) TG values. Pre-operative serum TG was
normal (15 ng/ml) in patient #3, and was not available in all other cases. Three patients
received post-operative radioactive iodine treatment: one with PDTC and a large nodal
metastasis of 4.5 cm in size (patient #6); one PTC with 5 positive lymph nodes (patient #1);
and another PTC with only two of thirty-six lymph nodes containing low volume (0.05 cm)
metastatic disease (patient #4).

The median follow up of our cohort was 2.2 years (range: 0.8 to 17 years). All patients with
a diagnosis of metastatic PTC (patients #1 to #5) were alive without evidence of disease or
recurrence at the last follow up. The patient with metastatic PDTC did not have documented
recurrence and died of unknown causes 3.7 years after diagnosis. The 68-year-old patient
with metastatic ATC developed distant metastasis to mediastinum, lung, and spine within 1.6
years, and was alive with disease at the last follow up (1.9 years).

Histopathologic features

The thyroid was sampled in its entirety in all cases (15 — 29 thyroid sections per case,
median = 18). A pathology review involving at least two endocrine pathologists (RG, BX)
was conducted for each case and confirmed the absence of neoplastic process within the
thyroid. None of the seven cases contained psammoma bodies in the thyroid gland. Benign
thyroid diseases, including chronic lymphocytic thyroiditis (n = 3), De Quervain thyroiditis
(i.e. granulomatous thyroiditis, n = 1), nodular hyperplasia (n = 3), and/or bilateral C cell
hyperplasia (n = 1), were noted in five patients. Fibrosis within the thyroid, either unifocal (n
= 1) or multifocal (n = 4), was present in five patients. The multifocal fibrosis was associated
with benign thyroid diseases, e.g. chronic lymphocytic thyroiditis (n = 1), nodular
hyperplasia (n = 2) and De Quervain thyroiditis (n = 1). Chronic inflammatory infiltrate was
noted within the fibrotic areas in the two patients with chronic lymphocytic thyroiditis (case
#1) and De Quervain thyroiditis (case #3). None of the patients exhibited features of
multifocal fibrosing thyroiditis as defined and described previously (8). One of the seven
patients (patient #6) displayed in his thyroid a 0.2 cm unifocal stellate scar-like fibrosis
associated with non-psammomatous calcification. The other 4 cases with fibrosis had
fibrotic areas ranging from 0.1 to 0.6 cm in size.

All patients harbored metastatic disease in the central (n = 3), lateral (n = 3), or both neck
compartments (n = 1), involving at least one (up to six) lymph nodes. The histotype of the
metastatic disease was as follows: PTC (n = 5), PDTC with an elevated mitotic index of 6
mitotic figures per 10 high power fields in association with a PTC columnar variant (n =1),
and ATC in association with a PTC tall cell variant (n = 1, Figures 1-3). The architectural
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patterns of the five pure PTC metastasis were classical (n = 2), follicular (n = 2), and solid (n
= 1). Extranodal extension was noted only in the metastatic PDTC and ATC. None of the
seven patients contained benign thyroid inclusions in the lymph nodes sampled.

BRAF V600E status

BRAF V600E immunohistochemistry studies were performed in six metastatic tumors
(cases #1-4 PTC, #6 PDTC, and #7 ATC). Four of six cases tested (cases #1, 2, 6, and 7)
showed strong (3+) staining including the PDTC and ATC (Table 1 and Figures 1-3).

Sequenom mutation profiling study of the ATC confirmed the presence of BRAF V600E
mutation. In addition, a P/IK3CA pE542K mutation was also detected.

Discussion

In this study, we report seven patients with metastatic thyroid cancer and no detectable
primary tumor despite entire histopathologic examination of the thyroid gland. To date, a
total of two such patients have been previously reported in the literature (2, 4). The clinical
and pathologic features of the current and previous cases are summarized in Table 1. Two
additional studies have reported six patients with nodal metastasis in the lateral neck
compartment without identifiable primary tumor in the thyroid. However, as it is unclear
whether the thyroid was entirely sampled for histologic examination, these cases were not
included in the literature review (1, 9). Among the nine well-documented cases with thyroid
entirely submitted, eight had nodal metastases, while the remaining patient developed distant
metastasis to bone. The nodal metastases could not represent benign thyroid inclusions since
they all displayed a PTC phenotype at the cytoarchitectural level (e.g. clear irregular nuclei
and/or true papillary formations). Indeed, the stringent criteria for benign thyroid inclusions
require the absence of the cytoarchitectural features of PTC, the presence of thyroid follicles
in only one node in a subcapsular location and a small size of the thyroid inclusion (10).
Among the eight reported patients with nodal metastases and undetected primary thyroid
carcinoma, the most common presenting symptom was a large lateral neck mass (4 of 8
patients), while the remaining four patients underwent thyroidectomy for various reasons
(one for laryngeal squamous cell carcinoma, one for Grave’s disease, one for nodular
hyperplasia with bilateral thyroid nodules, and one for thyroid nodule detected on ultrasound
examination for hyperthyroidism). All nine reported cases had at least a component of
papillary thyroid carcinoma in the metastases. The nodal metastases of two patients (#6 and
#7) contained a component of papillary thyroid carcinoma and a component of PDTC/ATC,
likely reflecting disease progression from a well-differentiated thyroid carcinoma to a poorly
differentiated/anaplastic carcinoma in the metastatic site, a phenomenon that has been
reported previously (10-12).

Several possible hypotheses might explain this rare phenomenon of metastatic disease
without identifiable primary tumor within the thyroid. First, although the thyroid was
entirely submitted for examination in our cohort and in two of the previously reported cases
(2, 4), typically only a 4-micron histologic section was prepared from a 3-mm-thick tissue
block. In other words, only approximately 0.1% of the actual tissue was prepared as
hematoxylin and eosin slides and examined microscopically. Hence, a microcarcinoma of <
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3 mm in size, which has the potential to develop metastases (12—14), might not be detected
under routine pathologic examination despite the fact that the entire thyroid is submitted.
The other possibility is tumor regression. Spontaneous tumor regression, defined as
diminution of a malignant neoplasm as a consequence of host response, is a common
phenomenon affecting 10-35% cutaneous melanoma (15, 16), and has also been reported in
certain carcinomas, e.g. Merkel cell carcinoma (17), hepatocellular carcinoma (18), and
renal cell carcinoma (19). The histologic features of melanoma regression are fibrosis, often
in association with lymphocytes or macrophages (16). In our cohort, five of seven patients
had evidence of fibrosis in their thyroid: four in association with benign thyroid disease
while the other displayed a 0.2 cm unifocal stellate fibrosis. Similarly, Monchik et al. have
also noted an area of fibrosis in the thyroid from a 29-year-old female patient who had nodal
metastatic PTC without a primary thyroid carcinoma in an entirely submitted thyroid gland
(4). Singh et al. reported a patient with metastatic PTC involving bone and a thyroid with
chronic lymphocytic thyroiditis and extensive fibrosis (2). Additionally, several prior studies
have demonstrated that intratumoral fibrosis might be present in certain papillary thyroid
carcinoma, and was associated with increased incidences of lymph node metastasis and
extrathyroidal invasion (20), as well as the development of distant metastases and death (12,
21). Taken together, it is tempting to speculate that fibrosis might be a sign of complete or
partial tumor regression in thyroid carcinoma and might be a cause for this rare phenomenon
of metastases without identifiable primary tumors.

In 4 of 6 cases tested, the metastases showed strong (3+) BRAF V600E immunostain, which
has been shown to be highly specific for BRAF V600 mutation in papillary, poorly
differentiated, and anaplastic thyroid carcinoma (6), Additionally, the presence of BRAF
VB00E mytation was confirmed at the DNA level in the metastatic anaplastic thyroid
carcinoma using Sequenom mutation profiling assay. The above data shows that BRAF
VB00E mutation is a highly prevalent event in this cohort of metastatic thyroid carcinoma
with unknown primary. The Cancer Genome Atlas (TCGA) has shown that BRAF V600E
mutation was the most common genetic alteration in PTC, in particular the classical and tall
cell variants (22), whereas follicular variant of PTC frequently harbored RAS alteration.
Additionally, Landa et al. has shown that poorly differentiated thyroid carcinoma with
BRAF mutation had a tendency to metastasize to lymph nodes, while RAS-mutated tumors
were more inclined to metastasize distantly (23). Taken together, the positive BRAF
immunohistochemistry in two thirds of cases tested, the existence of a PTC component in all
cases, and the presence of nodal metastasis in the majority of these patients (8/9) strongly
suggested that BRAF mutation was the main driver for these rare tumors. One should
therefore be cautious in attributing metastatic thyroid carcinoma in the neck lymph nodes to
encapsulated follicular-patterned lesions in the thyroid, e.g. follicular carcinomas,
encapsulated follicular variant of papillary thyroid carcinomas with invasion, or a
noninvasive follicular thyroid neoplasms with papillary-like nuclear features (NIFTP), as
these lesions are almost always associated with RAS rather than BRAF mutations (22, 24—
26), and have a propensity for distant rather than locoregional spread (21). In the event of
nodal metastasis in a thyroid harboring an encapsulated follicular patterned tumor (without
apparent associated PTC), it is much more likely that a BRAFrelated undetected or
regressed papillary microcarcinoma is the source of the nodal disease. The absence of BRAF
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mutation in such a scenario does not automatically imply that the encapsulated follicular
patterned carcinoma is the origin of the nodal disease. Indeed, classical PTC and infiltrative
follicular variant PTC might lack BRAF mutation in a significant proportion of cases (27).

Two patients in our cohort harbored poorly differentiated or anaplastic thyroid carcinoma in
the nodal metastasis. The presence of aggressive histology in the neck nodes or distant sites
in the setting of apparently indolent very small thyroid primary has been previously
reported. Piana et al. and Xu et al. described 4 cases of subcentimeter papillary
microcarcinoma (0.4 to 0.8 cm in greatest dimension) with metastatic poorly differentiated
thyroid carcinoma to neck lymph nodes (11, 12). One of those patients died of thyroid
carcinoma. In another publication, a patient with a 0.2 cm papillary microcarcinoma,
infiltrative follicular variant was found to have distant metastasis to bone at presentation
(21). Therefore, it is plausible for a patient devoid of primary thyroid carcinoma to develop a
poorly differentiated thyroid carcinoma or anaplastic thyroid carcinoma in the metastatic
site.

In conclusion, metastatic thyroid carcinoma without primary tumor after extensive thyroid
sampling is a rare but real phenomenon that might be encountered in daily practice. Its
mechanism is unknown. Although most tumors are low grade and well differentiated,
aggressive behavior due to a poorly differentiated or anaplastic carcinoma can happen. Two
thirds of cases are BRAF V600E positive thyroid tumors with a papillary carcinoma
phenotype present in all reported cases. Lymph node metastasis in the setting of an
encapsulated follicular patterned tumor (without apparent associated separate PTC foci)
could have originated from BRAFrelated undetected or regressed papillary
microcarcinoma. In that case scenario, genotyping or immunstaining the metastasis for
BRAFV600E could help direct the pathologist to the source of the metastasis.
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Highlights

Metastatic thyroid carcinoma without identifiable primary in thyroid does
occur.

Two thirds of these metastases are BRAF V600E positive.
All reported cases have a papillary carcinoma component.

Although most metastatic tumors are low grade, higher grade ones can be
found.

The mechanism of this rare phenomenon is unknown.
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Figure 1.
Microscopic pictures of an anaplastic thyroid carcinoma (ATC) in association with a

papillary thyroid carcinoma, tall cell variant (PTC-TCV) in a 5.5 cm lateral neck lymph
node of a 68-year-old male patient. No carcinoma was found in the thyroidectomy. A: The
PTC component (short arrow) is seen adjacent to the anaplastic carcinoma (long arrows). B:
PTC-TCV component made of elongated follicles lined by tumor cells (arrow) whose height
is at least twice their width with an oncocytic cytoplasm and the characteristic nuclear
features of PTC.C: The ATC component has a squamoid appearance with cells having highly
pleomorphic and very large nuclei (arrow). D: BRAF V600E immunostain was positive in
the tumor. Genotypic analysis of tumor DNA revealed a BRAF V600E mutation.
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Figure 2.
Microscopic pictures of a poorly differentiated thyroid carcinoma composed of a papillary

thyroid carcinoma, columnar cell phenotype with high mitotic rate (6 mitosis/10 high power
fields, 400x) presenting as a 4.5 cm left neck mass in a 76 year old female. No carcinoma
was found in the thyroidectomy A: Papillae lined by columnar cells with pseudostratified
nuclei associated with mitosis (arrow). B: BRAF V600E immunostain was positive in the
tumor.
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Figure 3.
Microscopic pictures of a papillary thyroid carcinoma (PTC), classical type ina 1.2 cm

central compartment lymph node from a 49-year-old female. No carcinoma was found in the
thyroidectomy. A: PTC with papillae (arrow). Inset shows the characteristic nuclear features
of PTC. B: BRAF V600E immunostain was positive in the tumor.

Hum Pathol. Author manuscript; available in PMC 2018 July 01.



Page 14

Xu et al.

‘[9A3] WYNQ 8y} e pa1oslep osfe co:S:EMQQm\_n\T&mw

"(sreak ‘portad N4) dn-mojjoy 1se] IV

q

'S$]189 Jowiny J0 9409 1ses| 1e Ul Buijagejounwiwi snousbouwoy (+€) Buons se paulyap sem ureisounwwi JO09A 4vdg aanisod v,

“Ansiwaydoisiyounwiwi
1DH] ‘9seasip YIM aAlfe MY ‘9SessIp JO 80UapIAS ou ;3N ‘@sned umouxun Jo pesp :DNA ‘@ge]leAe 10U (/N ‘UOISUa)Xe [epoueiixs :JNJ ‘Adelay) uoinelpel ;1Y ‘BUIpol 8A1OROIPE. (WY ‘ewouldled plolAyl onsejdeue D1V ‘ewouldsed plotAyl Asejjided :01d
‘ewou1Jed pioJAy) parenualayip Apood :01ad Quswiredwod :3do (yim pareldosse :m/e ‘sniplolAyl urealan® aq ;10 ‘eisejdiadAy 189 9 :HOD ‘eisejdiadAy Jejnpou :HN ‘sip1oJAyl 9anAdoydwA| 91uoayd 11D ‘ewouldled 118 snowenbs :QDS ‘punosesln :Sn ‘9ouaialal Joy

VN VN 21d (TINd) Buog VN VN 1ussald 1710 wN VN wN VN siseiselaw auog | IN/TS | [2] 48
VN VN [ea1ssed O1d (TNd) VN ST WN 1ussald wN WN WN WN VN ssew >oau [esdre] | d/6z | [v]4ed
9 OISO | yuasaig o1V (aTNd) [esere §'6/5°S 98/9 wasqy 3uoN | auids/Bun ‘'ssA | (6'T) AMv 1 WN ssewl oau |esdre] | IN/89 L
aAIISOd | Iussald olad (qTNd) fesere SY/S Y E/T (woz'0) [edoyun HN ‘1710 oN | (z€)ona vy £0> ssewl oau |esere] | /92 9
juswieall
VN | wesqy | prjos onkooouo ‘01d (eTNd) [enusd S0/T0 e Wasqy 1710 OoN | (80)@aN 3UON €0> 8j0zewiyaw-isod ‘asessIp spAeID | 4/0€ S
wsiplolAyuadAy
annefsN | ussqy JTe|nal|jo) ‘01d (eTNd) [enusd | ST°0/50°0 9€/2 | HN M/e [e20BININ HN ON | (80)@aN vy €0> 10} SN U0 payasiep ainpou proAyL | sl 4
(qTNd) IVd ON ‘00S 205 [eabuAie] Joj UONIASSIP
annefaN | ussqy JTenaljjo4 ‘0 1d [eus0 pue [elsie] G8'0/99°0 G9/z | LOA mye [eooyinN | HOO ‘LOA ON | (z?)aaN [eabuhrey Jo) 1¥ €0> 308U U0 payosisp TN [eyuspIoul | IN/SS €
ansod | jussqy [e21sSe[d ‘0 1d (eT Nd) [enusd LTILT SIT HN M/e [edo41}InIA HN ON | (r2)aaN 3UON €0> sa|npou ploJAy) [eserellg | IN/ES z
SIIP10JAY} S, 0l0WIYSeH
p ONUSOd | uasgy [21SSE ‘0 1d (qTNd) resare 06T TT/S | 1710 mye [edoiminiy 119 oN | (021) @an vy N 10 AI01SIY YNIM SSew >oau [esere] | /6 T
(wo)
N
PanjoAul
159b.e)
/SNaoy 1o | (w/bu)
J1eIselsw (N) pioaAyx /IVd o1
159bue| | pajdwes ul aseasIp
1do 10 NN sl p1oJAyl o_oc annelado swoldwAs Xas
OHI3 IN3 adA101SIH N7 9zIS BAINSOd soiqi4 ubluag 30U31IN29Y snyexs -1s0d Bunuasaid Jebv
009A
4vyd siseiselsw (N1) apou ydwA ploJAyL 3WO021N0 pue sainyesd [eaiul|d

Author Manuscript

"an]eJall| ay) Ul sased pariodal syl pue 10yod Apnis ay) :lowny Arewtid ajgeida1epun pue BWOUIDIRI PIoJAY] d11elIseIaw Yim sjuaied ay) Jo sainjeay a1bojoyredoaiund

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Hum Pathol. Author manuscript; available in PMC 2018 July 01.



	Abstract
	Introduction
	Material and Methods
	Study cohort
	Clinical and pathologic review
	BRAF immunohistochemistry
	Sequenom mutation profiling

	Results
	Clinical presentation and outcome
	Histopathologic features
	BRAF V600E status

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

