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Abstract: Clinicians have long sought to characterize biological
markers of neoplasia as objective indicators of tumor presence, path-
ogenicity, and prognosis. Armed with data that correlate biomarker
activity with disease presence and progression, clinicians can develop
treatment strategies that address risks of disease recurrence or persis-
tence and progression. The B-type Raf kinase (BRAF V600E) mutation
in exon 15 of the BRAF gene has been noted to be a putative prognostic
marker of the most prevalent form of thyroid cancer, papillary thyroid
cancer (PTC)—a tumor type with high proclivity for recurrence or per-
sistence. There has been a remarkable interest in determining the associ-
ation of BRAF mutation with PTC recurrence or persistence. Using
many new studies that have been published recently, we performed a
meta-analysis to investigate correlations of BRAF mutation status with
PTC prognosis, focusing on the recurrence or persistence of the disease
after initial treatment.

The study was based on published studies included in the PubMed and
Embase databases addressing the BRAF mutation and the frequency of
recurrence of PTC. We selected studies with data that enabled measurement
of the risk ratio for recurrent disease. We also analyzed the factors that are
classically known to be associated with recurrence. These factors included
lymph node metastasis, extrathyroidal extension, distant metastasis, and
American Joint Committee on Cancer (AJCC) stages III/IV.

We used 14 articles that included an analysis of these factors as well
as PTC recurrence data, with a total of 2470 patients from 9 different
countries. The overall prevalence of the BRAF mutation was 45%. The risk
ratios in BRAF mutation-positive patients were 1.93 (95% confidence
interval [CI], 1.61-2.32; Z=7.01; p <0.00001) for PTC recurrence, 1.32
(95% CI, 1.20-1.45; Z = 5.73; p < 0.00001) for lymph node metastasis,
1.71 (95% CI, 1.50-1.94; Z = 8.09; p < 0.00001) for extrathyroidal ex-
tension, 0.95 (95% CI, 0.63—1.44; Z = 0.23; p = 0.82) for distant metastasis,
and 1.70 (95% CI, 1.45-1.99; Z = 6.46; p < 0.00001) for advanced stage
AJCC III/IV.

Thus, in this meta-analysis, the BRAF mutation in PTC was signifi-
cantly associated with PTC recurrence, lymph node metastasis, extra-
thyroidal extension, and advanced stage AJCC III/IV. Patients with PTC
harboring mutated BRAF are likely to demonstrate factors that are asso-
ciated with an increased risk for recurrence of the disease, offering new
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prospects for optimizing and tailoring initial treatment strategies to
prevent recurrence.

(Medicine 2012;91: 274-286)

Abbreviations: "'l = radioiodine 131, AJCC = American Joint
Committee on Cancer, BRAF = B-type Raf kinase, CI = confidence
interval, CT = computed tomography, DNA-MASA = DNA-mutant
allele-specific amplification, FDG-PET = 2-deoxy-2-(**F)-fluoro-
deoxyglucose positron emission tomography, MEK-ERK = mitogen-
activated protein kinase/extracellular-signal-regulated kinase, MESH
= Medical Subject Headings, MRI = magnetic resonance imaging,
PCR = protein chain reaction, PCR-SSCP = PCR-single-strand
conformation polymorphism, PTC = papillary thyroid cancer, Tg =
thyroglobulin, TSH = thyroid stimulating hormone, wt = wildtype.

INTRODUCTION

apillary thyroid cancer (PTC) is the most common thyroid
malignancy, accounting for 88% of thyroid cancer cases.’
It has an overall favorable prognosis with an average 10-year
survival rate of 93%, although up to 10% of patients eventually
die as a result of the disease.?* The prognostic factors favoring
metastasis, recurrence, and death from differentiated thyroid
carcinomas include patient factors of age under 15 years and
above 45 years, male sex, and history of familial thyroid cancer;
and tumor factors of a primary tumor >2 cm, multifocal or bi-
lateral presence of disease in the thyroid, extrathyroidal ex-
tension, subtypes like tall and columnar cell variants, nuclear
atypia and tumor necrosis, vascular invasion, lymph node me-
tastasis, distant metastasis, and low iodine uptake.”> Recurrence
frequently occurs in the neck due to lymph node metastasis or
thyroid bed remnant disease (79%), and less commonly in dis-
tant sites (21%).4°
Recent investigations have identified molecular markers
that may carry diagnostic, prognostic, and therapeutic value in
the management of PTC. This complementary information can
supplement characterization of the clinical and pathologic fea-
tures of the disease and may help provide a tailored approach
with the goal of mitigating the risk of recurrence.>!8:67-7° BRAF
mutation has been the subject of intensive investigation, as many
investigators have tried to assess if the mutated gene is associated
with a worse prognosis for PTC.”! Since the first reports de-
scribing the BRAF mutation in melanoma, glioma, colorectal,
ovarian, lung, and liver cancers and sarcoma cells,® numerous
studies have been published correlating mutated BRAF with
thyroid malignancy, and in particular PTC.48->*6882 This muta-
tion is specific for papillary and poorly differentiated and ana-
plastic thyroid carcinomas of epithelial derivation. It is not seen
in follicular, Hiirthle cell, and medullary carcinomas. Importantly,
BRAF mutation is not present in benign tumors, including fol-
licular and Hiirthle cell adenomas.>>*
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BRAF is a B-type Rafkinase, located in chromosome 7, and
is the most potent activator of the mitogen-activated protein
kinase/extracellular-signal-regulated kinase (MEK-ERK) path-
way. The most common hotspot mutation in the BRAF gene is
a thiamine transversion to adenine at nucleotide position 1799
(T1799A) in exon 15. This causes a conversion of valine to glu-
tamate of amino acid 600 in the BRAF protein, creating a con-
stitutively active BRAF kinase, which has been proven to be an
oncogene in human cancer.®!* The incidence of BRAF muta-
tion in PTC varies from 32%%3 to 73.3%>° in patients with re-
current/persistent disease. The mutation represents a valuable
molecular marker that could be examined preoperatively on fine
needle aspiration biopsy specimens to estimate the risk of re-
currence for thyroid cancer and would delineate a risk stratifi-
cation to guide a tailored approach to tumors that express BRAF
mutation.”” BRAF mutation has been thought to confer a worse
prognosis for PTC due to its association with lymph node me-
tastasis, extrathyroidal extension, capsule invasion, vascular in-
vasion, multifocality, bilateral tumors, older age, tumor size,
aggressive subtype, impaired iodine uptake, recurrence, and
death.7-12:14,16,19,22,30,40,41,45,52,58.57,61,64,71,74.81 Tumor recur-
rence is associated with a 5-fold increase in the risk of disease-
related death.*’” Tumor recurrence is an unexpected event that
may promote reoperation, excessive radioiodine exposure, and
an increase in morbidity related to the disease and additional
treatments. !3-22:60:65 A prognostic marker that predicts the bio-
logical and clinical aggressiveness of PTC for a particular patient
could lead to an appropriately customized initial treatment that
may help reduce the risk of recurrence.”

Defining a Recurrence/Persistence Event for PTC

The American Thyroid Association’s definition of cure for
patients with PTC is based on the absence of clinical or radio-
graphic imaging evidence of tumor and undetectable serum
thyroglobulin (Tg) levels during thyroid stimulating hormone
(TSH) suppression and stimulation without interfering anti-
bodies.® These criteria were used to define PTC recurrence in the
studies included in the present analysis. Because disease per-
sistence and recurrence of thyroid cancer may not be separable in
a practical sense, the aggregation of the terms “recurrent” and
“persistent” disease seems appropriate to frame this event, par-
ticularly in well-differentiated thyroid carcinoma.

The evaluation for and diagnosis of recurrent/persistent
disease should include physical examination; imaging studies
like ultrasound, computed tomography (CT), and magnetic reso-
nance imaging (MRI); nuclear medicine exams like whole body
scan with radioiodine (**'T), technetium scan and 2-deoxy-2-(*°F)-
fluorodeoxyglucose positron emission tomography (FDG-PET);
combined techniques (FDG-PET/CT); blood tests (serum Tg
and anti-Tg antibodies), and anatomopathologic exams (his-
topathology and cytopathology).®*? Biopsy-proven diagnosis
remains the gold standard for evidence in confirming disease
recurrence/persistence.

In suspected cases of PTC recurrence/persistence, imag-
ing studies with neck ultrasound and sometimes CT or MRI
are essential to determine the anatomic location of the regional
remnant disease. Most recurrences affect the neck region.'>*°
In the absence of a confirmatory histopathologic diagnosis and
appropriate image of the remnant PTC, it is reasonable to accept
a 13T uptake outside of the thyroid bed on posttreatment diag-
nostic whole body scan as recurrent/persistent disease, especially
if it is associated with elevated levels of Tg without anti-Tg-Ab
interference. This diagnostic method of recurrence gives a high
specificity but only moderate sensitivity.*> Recently, researchers
using FDG-PET and FDG-PET/CT examination for PTC in-
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vestigation found that although it was less specific than abnormal
B3I uptake for making the diagnosis of recurrent/persistent
disease, there was excellent sensitivity (88.6%) and specificity
(89.3%), mainly in thyroid bed recurrences.

Posttreatment recombinant TSH-stimulated Tg measure-
ments below 0.5 ng/mL offer a reliable method to detect re-
mission of the disease. A serum Tg blood level over 2.0 ng/mL
confers only a 55% chance of remission.>” The elevation of se-
rum Tg level alone, without anti-Tg-Ab interference, is not spe-
cific for diagnostic confirmation of recurrent/persistent disease.
In these cases, the suspected recurrent/persistent disease could
be remnant thyroid tissue that was incompletely ablated by ra-
dioactive iodine. The diagnosis of recurrent/persistent disease
in PTC cases can be a challenge for the practitioner because of
the different clinical, laboratory, and imaging manifestations.

The differences in surgical approach and adjuvant radio-
active '*'I therapy adopted in different centers, the progressive
changes over time of therapeutic strategies in the same centers,
the changes in criteria to diagnose a tumor recurrence, and the
different durations and types of follow-up are factors that con-
tribute to the difficulties in comparing results reported by dif-
ferent centers, mainly in retrospective studies.®?> Determining an
optimal initial treatment strategy for patients with PTC is thus
confusing. As an endpoint for the prognosis of patients with PTC,
recurrence/persistence of tumor could be related to the biological
aggressiveness of the disease. The ability of a biomarker to confer
aworse prognosis or a higher likelihood of recurrence/persistence
in the remnant thyroid bed, regional lymphatic nodes, or distant
sites such as lungs and bones may help to effectively customize
initial treatment to improve patient outcomes.**%>

Given limitations in current clinical approaches to the prog-
nostication of recurrent PTC prior to initiating treatment, we ex-
plored the association between recurrent/persistent disease and
BRAF expression, as well as other variables that have been im-
plicated in the recurrence/persistence of PTC. Extrathyroidal
extension, advanced AJCC stage, lymph node metastasis, and dis-
tant metastasis were all assessed. Despite the variations in the def-
inition of recurrent/persistent disease observed in the literature,
we adhered to the authors’ definitions published in the studies
for this meta-analysis. Most of the authors defined recurrence
based on a variable combination of results including radiographic
and nuclear medicine imaging studies, serum Tg level, and cy-
tologic or pathologic findings,23-33-51,58.64.66,70.80.81.83 The aim
of this meta-analysis was not to create rules to define what
recurrent/persistent PTC disease is, but to alert the reader that
depending on the institutional protocols and authors’ defini-
tions, sometimes the perceived “recurrent” disease is disease
that was not detected before or at initial treatment, although it
was present.

METHODS

Meta-Analysis Methods

We performed the meta-analysis by searching the MED-
LINE database (National Library of Medicine, Bethesda, MD)
and Embase database (Elsevier, Amsterdam, The Netherlands)
using the terms “BRAFE,” “thyroid,” “prognosis,” “recurrence,”
“carcinoma,” and the Medical Subject Headings (MeSH; Na-
tional Library of Medicine) terms “thyroid neoplasm,” “proto-
oncogene proteins B-raf,” “prognosis,” and “recurrence.” Studies
were selected based on the presence of sufficient data to permit
the analysis of the risk ratio for recurrent/persistent disease in
patients treated for PTC who had a BRAF mutation test in the
postsurgical specimen or in cytology from the fine needle as-
piration biopsy prior to treatment. Studies from the same authors

www.md-journal.com | 275

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Tufano et al

Medicine * Volume 91, Number 5, September 2012

were selected based on the newest and most informative article
to avoid including repetitive data. We analyzed data extracted
from these articles for the risk ratio of the variables: recurrence/
persistence, extrathyroidal extension, lymph node metastasis,
distant metastasis, and clinical/pathologic AJCC stage by BRAF
mutation status. We also explored the method used to determine
BRAF expression, the study design, year, country, treatment
protocol, and criteria for defining recurrent/persistent disease.
We calculated the risk ratio of each event by BRAF status in a
pooled estimative analysis using the Mantel-Haenszel model
designed by the RevMan 5.0 software for Cochrane meta-
analysis (http://ims.cochrane.org/revman). The data from the
studies were organized in tables attached to the respective
plotted forest graph made by the software. The homogeneity as-
sumption was assessed by the chi-square test. The test of overall
effect was assessed by the Z-value, and statistical significance
was set at p < 0.05.

Primary PTC <1.5 cm Group Study Methods

In addition to the meta-analysis, we conducted a retrospec-
tive chart review of 39 consecutive patients treated for fine nee-
dle aspiration-confirmed primary PTC in a dominant nodule
with a maximum diameter of <1.5 cm (T1 classification ac-
cording to AJCC staging system), during 2005, at The Johns
Hopkins Hospital (Baltimore, MD). All 39 patients underwent
total thyroidectomy. In 28 (72%) patients, lymph nodes were
present to be assessed by anatomopathologic macroscopic and
microscopic evaluation. These were lymph nodes attached to
the thyroid gland, or collected by separate sampling during the
surgery. Two patients were suspected to have lymph node me-
tastases prior to or at the time of surgery and underwent a lym-
phadenectomy to clear those nodes. Data collected included age,
sex, BRAF status, anatomopathologic features (extrathyroidal
extension, surgical margins, focality, lymph node metastasis),
postoperative treatment with radioactive iodine (**'I), and out-
come (recurrence).

The BRAF V600E mutation was identified by performing
pyrosequencing on the amplified fragment of a region of the
BRAF gene that spans codon 600, using the PyroMark Q24
instrument (Qiagen, Germantown, MD). DNA was extracted from
formalin-fixed, paraffin-embedded tissue. The tissue was micro-
dissected using Zymo Research reagents and purified with
QIAmp protocol (Qiagen). Protein chain reaction (PCR) primer
and sequencing primer sequences were as follows: exon forward
5" -GAAGACCTCACAGTAAAAATAG-3'; reverse 5'_-biotin~
ATAGCCTCAATTCTTACCATCC-3"; and seq primer 5"_-
AGGTGATTTTGGTCTAGCTACAG-3". A 2 pL volume of the
genomic DNA was amplified by PCR using standard condi-
tions (95°C x 15 min; 95°C x 20 sec; 53°C x 30 sec; 72°C x
20 sec; 72°C x 5 min). The resulting PCR product was immo-
bilized onto Streptavidin Sepharose-coated beads (GE Health-
care, Piscataway, NJ). The DNA was then washed, denatured, and
transferred to a plate containing 0.75 L of the BRAF sequenc-
ing primer in annealing buffer. The primed single-stranded DNA
templates were then loaded on a PyroMark Q24, where real-time
sequencing of the sequence surrounding codon 600 exon 15
was performed using PyroMark Reagents (Qiagen). The com-
plementary DNA strand was built up by sequential addition of
different dNTPs, and the nucleotide sequence was determined
from the signal peaks in the pyrogram trace, which are generated
by the detection of light from an enzymatic reaction following the
successful addition of a dNTP to the growing strand.®3

Patient age was summarized with median and range, and
categorical data using frequencies and percentages. The asso-
ciation of BRAF status with anatompathologic features and re-
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currence was calculated using the Fisher exact test. Odds ratio
calculation was based on the Mantel-Haenszel test. P < 0.05 was
considered statistically significant. All statistical analyses were
performed using SPSS v. 19.0 for Windows software (SPSS,
Chicago, IL).

RESULTS

Literature Search

The literature search strategy retrieved 472 articles from
PubMeD using the MeSH terms “thyroid neoplasm” and “proto-
oncogene proteins B-raf.” A second match in an advanced search
selecting “prognosis” in a broad search revealed 133 articles.
Another restrictive term “recurrence” was added to the first
search where we found 37 articles. We read these 170 articles and
selected 14 articles that met the criteria for this meta-analysis.
Two other articles were excluded: 1 because of the overlap of
cases with a previous report and the inclusion of other types and
variants of PTC,'* and a second because a different protocol was
used to treat patients, which created a bias when compared with
other included studies.?® The Embase search crossing the terms
“thyroid,” “carcinoma,” and “BRAF” revealed 452 articles, all
of which overlapped with the MEDLINE search.

Meta-Analysis Results

The selected studies were published between 2004 and
2011, and included 2470 cases of PTC studied for detection of
the BRAF V600E mutation in extracted DNA. All studies were
retrospective, using stored formalin-fixed paraffin-embedded
samples and frozen surgical specimen samples. Two studies
used cells derived from fine needle aspiration biopsy samples
collected preoperatively or during the surgical procedure.3%-3
The meta-analysis was based on studies with samples from 9
different countries (Germany, Italy, the United States, Ukraine,
Spain, Saudi Arabia, Korea, Australia, and Czech Republic), and
1 was a multicenter study.3! All studies analyzed PTC and its
respective variants. The described treatments included total and
partial thyroidectomy, sometimes associated with elective neck
dissection of the central compartment and the lateral neck re-
gion. Some studies included therapeutic neck dissection (for ob-
vious lymph node metastasis) of the central compartment and
the lateral neck region. The indication for a postsurgical ablative
dose of radioactive iodine and a postsurgical therapeutic radio-
active iodine dose was not standardized in these studies, show-
ing variations among institutions, countries, and during the study
period. Some studies reported recurrence without details of
location, while others described recurrence in the neck region
(thyroid bed and lymph node metastasis) or in distant sites.

The most commonly used method for determining the
presence of the BRAF V600E mutation was direct sequencing of
DNA after PCR amplification alone (7 studies),!14-29-3%:51,52.58
followed by a calorimetric method (2 studies),®8! DNA PCR-
single-strand conformation polymorphism (PCR-SSCP) direct
sequencing (2 studies),'*’° DNA PCR and fluorescence melting
curve analysis (2 studies),?>*3 and DNA-mutant allele-specific
amplification (DNA-MASA) sequencing (1 study).®¢

Among the studies, the overall prevalence of the BRAF
mutation was 45% (range, 32%—73%), with a total of 1118
cases expressing the BRAF V600E mutation (Table 1). The data
revealed an incidence of tumor recurrence in BRAF-mutated
patients of 24.9% and in BRAF wildtype (wt) patients of 12.6%
(Table 2). The risk ratio for recurrence in these cases was 1.93
(x* =30.16, I> = 57%, Z = 7.01, p < 0.00001) (Figure 1). The
distribution of the cases among the studies is shown in Table 3.
For lymph node metastasis, the incidence in BRAF-mutated
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TABLE 1. Patients With Papillary Thyroid Cancer Stratified by
BRAF Mutation in 14 Studies

No. of BRAF+ BRAF-
Study Patients No. (%) No. (%)
Fugazzola, 2006'* 47 18 (38) 29 (62)
Xing, 200581 * 219 107 (49) 112 (51)
Riesco-Eizaguirre, 2006%* 67 28 (42) 39 (58)
Sapio, 2006°¢ 43 19 (44) 24 (56)
Kim, 20063 203 149 (73) 54 (27)
Kebebew, 20073° 209 111 (53) 98 (47)
Abubaker, 2008! 296 153 (52) 143 (48)
Elisei, 20082 102 38 (37) 64 (63)
Xing, 200980* 100 40 (40) 60 (60)
Yip, 200983 332 106 (32) 226 (68)
Musholt, 20103! 290 122 (42) 168 (58)
O’Neill, 20108 101 60 (59) 41 (41)
Sykorova, 20107° 242 81 (34) 161 (66)
Howell, 20112 219 86 (39) 133 (61)
Total 2470 1118 (45) 1352 (55)

Abbreviations: BRAF(+) = BRAF mutated, BRAF(-) = BRAF
wildtype.

*The data from Xing (2009) included in this table do not overlap
with the data in Xing (2005). These data were updated from Xing
(2010).78

patients was 54.1%, and in BRAF wt patients it was 36.8%
(see Table 2), with a risk ratio for lymph node metastasis of 1.32
(¢ = 39.81, I = 70%, Z = 5.73, p < 0.00001) (Figure 2). For
extrathyroidal extension, the incidence in BRAF-mutated tumors

was 46.2%, and in BRAF wt tumors it was 23.6%, with a risk
ratio of 1.71 (x* = 56.26, I* = 84%, Z = 8.09, p < 0.00001)
(Figure 3). For distant metastasis, the incidence in BRAF-
mutated patients was 8.0%, and in BRAF wt patients it was
7.9%, with a risk ratio 0f 0.95 (x> =10.79, 1*=44%, Z=0.23,p=
0.82) (Figure 4). For advanced stage AJCC III/IV, the incidence
in BRAF-mutated patients was 35.4%, and in BRAF wt patients
it was 19.6%, with a risk ratio of 1.70 (x> =17.13, 1> =42%, Z =
6.46, p <0.00001) (Figure 5).

Primary PTC <1.5 cm Group Study Results

The group with primary PTC <1.5 cm consisted of 39
patients, 26 (67%) female and 13 (33%) male. Median age
was 48 years (range, 17-72 yr). Sixteen (41%) patients were
aged <45 years, and 23 (59%) patients were aged >45 years.
The BRAF-mutated gene was present in 24 (62%) patients. As for
the anatomopathologic features, we observed lymph node me-
tastasis in 12 (31%) patients, extrathyroidal extension in 8 (21%)
patients, multifocality in 23 (59%) patients, and compromised
or <I mm surgical margins in 21 (54%) patients. Disease re-
currence was assessed in 22 (56%) patients who were followed
at our institution, and of these 22 patients, 2 (9%) had recurrence.
The median follow-up period for the 22 patients was 28 months
(range, 10-74 mo).

We were able to assess the records of 25 patients to deter-
mine whether adjuvant treatment with radioactive iodine was
given: 18 (72%) patients were treated with postoperative ra-
dioactive iodine, and 7 (28%) were not. The most important
indication for radioactive iodine treatment was the presence of
lymph node metastases. All 7 patients with lymph node metas-
tases (in this group of 25 patients) received radioactive iodine
after surgical treatment (100%), and in the remaining 18 patients
without lymph node metastases, 11 (61%) were treated with

TABLE 2. PTC Characteristics by BRAF Status for Each of the 14 Studies

Lymph Node Extrathyroid Distant Advanced
Recurrence Metastasis Extension Metastasis Stage AJCC
# # # # # # # # # #
Study (BRAF+) (BRAF-) (BRAF+) (BRAF-) (BRAF+) (BRAF-) (BRAF+) (BRAF-) (BRAF+) (BRAF-)
Fugazzola, 20064 5(18) 5(29) 12 (16) 13 (23) - - - - 7(18) 9(29)
Xing, 20058!* 23 (92) 9 (96) 58 (107) 24 (112) 44 (107) 18 (112) - - 31 (107) 16 (112)
Rigi)c(;)égizaguirre, 9(28) 339 9 (28) 9(39) 18 (28) 11 (39) 1(28) 1(39) 23 (28) 16 (39)
Sapio, 2006°¢ 2(11) 4(11) 0(19) 7 (24) - - 0(19) 1(24) 1(19) 6 (24)
Kim, 20063 32 (149) 4 (54) 116 (149) 37 (54) 107 (149) 31 (54) - - 62 (149) 17 (54)
Kebebew, 2007%° 38 (111) 18 (98) - - - - - - - -
Abubaker, 2008! 44 (153)  25(143) 93 (144) 83 (128) 77 (153) 70(143) 21(147) 9 (140) 48 (142) 37(134)
Elisei, 2008!2 13 (38) 6 (64) 17 (37) 23 (63) 5(35) 7 (62) 3(37) 3 (63) 13 (37) 7 (61)
Xing, 200980* 15 (40) 6 (60) 28(73) 21 (117) 17 (73) 13 (117) - - 15 (73) 13 (117)
Yip, 2009831 18 (106) 8 (100) 42 (83) 18 (69) 56 (106) 15 (100) - - - -
Musholt, 20103! 35(87) 38 (126) 77 (112) 71 (120) - - 8 (116) 23 (137) - -
O’Neill, 2010%%% 6 (55) 10 (40) 20 (60) 16 (41) 8 (60) 7 (41) 3 (60) 2 (41) 20 (60) 8 (41)
Sykorova, 20107° 8 (67) 3(133) 31 (81) 44 (161) 30(81) 42(161) 3 (81) 9(61) 23(81) 26(161)
Howell, 20112 11 (86) 3(133) 23 (63) 14 (82) 44 (86) 13 (133) - 40 (86) 22 (133)

Total

259 (1041) 142 (1126) 526 (972) 380 (1033) 406 (878) 227 (962)

39 (488) 48 (605) 283 (800) 177 (905)

Abbreviations: See previous table. (#) = Number of available cases used in the calculation.
*The data from Xing (2009) included in this table do not overlap with the data in Xing (2005). These data were updated from Xing (2010).78
TOf the 226 cases that were BRAF-, only 100 had clinical/pathologic data available.

i The data represent clinical recurrence.
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braf+/rec+ braf-/rec+ Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Abubaker 2008 44 153 25 143 19.2% 1.64 [1.07, 2.54) =
Elisei 2008 13 38 6 64 33% 3.65[1.51,8.80] —
Fugazzola 2006 5 18 5 29 28% 1.61 [0.54, 4.80) I
Howell 2011 11 86 3 133 18% 567[1.63,19.74)]
Kebebew 2007 38 111 18 98 14.2% 1.86[1.14, 3.04] —
Kim 2006 32 149 4 54 4.4% 2.90[1.08,7.82) —
Musholt 2010 35 87 38 126 231% 1.33(0.92,1.93] -
O'Neill 2010 b 55 10 40 8.6% 0.44(0.17,1.10] — ]
Riesco-Eizaguirre 2006 9 28 3 39 19% 4.18[1.24,14.06]
Sapio 2006 2 11 4 11 3.0% 0.50(0.11, 2.19) —
Sykorova 2010 8 67 3 133 15% 529[1.4519.31)]
Xing 2005 23 92 9 96 6.6% 2.67[1.30, 5.45) —_—
Xing 2009 15 40 6 60 3.6% 3.75[1.59, 8.84] E—
Yip 2009 18 106 8 100 6B1% 2.12[0.97, 4.66) —
Total (95% Cl) 1041 1126 100.0%  1.93[1.61,2.32] é
Total events 259 142

Heterogeneity: Chi*= 30.16, df=13 (P = 0.004), F=57%
Test for overall effect: Z=7.01 (P < 0.00001)

0.01 0.1 1 10 100
Favors non-recurrence  Favors recurrence

FIGURE 1. Risk ratio for persistence/recurrence associated with BRAF status. Notes: Data from the studies organized in table attached
to the respective plotted forest graph made by the software RevMan 5.0, as described in Methods section. The graph demonstrates the
effect size and 95% Cl. See Table 1 for reference numbers for the studies listed. Abbreviations: M-H = Mantel-Haenszel, braf+ = BRAF

mutated, braf— = braf wildtype, rec = persistence/recurrence.

radioactive iodine (x> = 3.78, p = 0.05). The 2 recurrence/per-
sistence cases in our study were aged <45 years, had lymph node
metastases detected with their first surgical treatment, and re-
ceived postoperative radioactive iodine. Coincidentally, these 2
recurrence/persistence cases had the BRAF-mutated gene.

The association of BRAF status with the anatomopatho-
logic features, demographic data, and the recurrence of the
disease are presented in Table 4. We found no statistically sig-
nificant associations of BRAF status with the clinical/pathologic

characteristics analyzed in this small patient cohort. However,
the risk ratios were consistent with those found in other studies.

DISCUSSION
Since the first description as a mutation related to the
MEK-ERK pathway in human tumors,® the BRAF V600E
mutation has been studied as a biological marker for tumor ag-
gressiveness and prognosis.2!2-737¢ Among the 3 Raf isoforms,

TABLE 3. Distribution of Cases Among 14 Studies Showing the Risk for Recurrence/Persistence According to BRAF Status*

Clinical Follow-Up

Study Patient Group BRAF Mutated (%) BRAF wt (%) (median, mo) Risk Ratio (95% CI) P
Fugazzola, 20064 Italian 5/18 (28) 5/29 (17) NR 1.61 (0.54-4.80) 0.47
Xing, 2005%! American 23/92 (25) 9/96 (9) 15 3.37 (1.47-7.74) 0.006
Kim, 20063° Korean 32/149 (21) 4/54 (7) 88 2.90 (1.08-7.82) 0.022
Riesco-Eizaguirre, 2006%* Spanish 9/28 (32) 3/39 (8) 36 4.18 (1.24-14.06)  0.021
Sapio, 2006°¢ Italian 2/11 (18) 4/11 (36) 72 0.50 (0.11-2.19) 0.31
Kebebew, 20073 American 38/111 (34) 18/98 (18) 72 1.86 (1.14-3.04) 0.012
Abubaker, 2008! Middle Eastern 44/153 (29) 25/143 (17) 66 1.64 (1.07-2.54) 0.027
Elisei, 2008'2 Italian 13/38 (34) 6/64 (9) 180 3.65 (1.51-8.80) 0.003
Xing, 200980 American 15/40 (38) 6/60 (10) 24 5.40 (1.87-15.57)  0.002
Yip, 2009%3 American 18/106 (17) 8/100 (8) 8.9 2.12 (0.97-4.66) 0.05
Sykorova, 20107° Czech 8/67 (12) 3/133 (2) 39 5.88 (1.51-22.94)  0.008
Musholt, 20103! German 35/87 (40) 38/126 (30) 66 1.33 (0.92-1.93) 0.08
O’Neill, 201038 Australian 6/55 (11) 10/40 (25) 106 0.44 (0.17-1.10) 0.02
Howell, 201123 American 11/86 (13) 3/133 (2) 18 5.67 (1.63-19.74)  0.001

Abbreviations: NR = not reported.

*Notes: The p values were calculated using the Fisher exact test. The raw data were provided by Dr. E. Kebebew (for Kebebew, 2007) and Dr. K. S.
Al-Kuraya (for Abubaker, 2008), through personal communication. The data in the 2 Xing references do not overlap.
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braf+/lymph+ braf-/lymph+ Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Abubaker 2008 93 144 83 128 236% 1.00[0.84,1.19) *
Elisei 2008 17 37 23 63 4.6% 1.26[0.78, 2.03) T
Fugazzola 2006 12 16 13 23 2.9% 1.33[0.84, 2.09] T
Howell 2011 23 63 14 82 3.3% 2.14[1.20,3.81) -
Kim 2006 116 149 37 54 14.6% 1.14[0.93,1.39) "
Musholt 2010 77 112 71 120 18.4% 1.16 [0.96, 1.41) ol
O'Neill 2010 20 60 16 41 51% 0.85[0.51, 1.44) e
Riesco-Eizaguirre 2006 9 28 9 39 2.0% 1.39[0.63, 3.06) T
Sapio 2006 0 19 7 24 1.8% 0.08[0.01,1.37] ¢
Sykorova 2010 N 81 44 161 7.9% 1.40[0.96, 2.04) =
Xing 2005 58 107 24 112 6.3% 2.53[1.70, 3.76) -
Xing 2009 28 73 21 117 4.3% 2.14[1.32,3.47) —_—
Yip 2009 42 83 18 69 5.3% 1.94 [1.24,3.04) —_—
Total (95% Cl) 972 1033 100.0%  1.32[1.20, 1.45] 4
Total events 526 380
Heterogeneity: Chi*= 39.81, df=12 (P < 0.0001); F=70% I t t i
0.01 01 1 10 100

Test for overall effect: Z=5.73 (P < 0.00001)

Favors non-lymph met  Favors lymph met

FIGURE 2. Risk ratio for lymph node metastasis associated with BRAF status. (See Figure 1 for notes and abbreviations.) Abbreviations:
lymph+ = with lymph node metastasis, non-lymph met = no lymph node metastasis; lymph met = lymph node metastasis.

BRAF is the strongest activator of the downstream MEK.
Downstream of MEK are ERK1/2, and phosphorylation of
ERK activates substrates located in the nucleus and cytoplasm.
This regulation is essential to maintain biological homeostasis,
and aberrant activation of this pathway would determine tumor
transformation.”! After observing the high prevalence of the
mutated BRAF gene in thyroid tumors, specifically in PTC
cases,>**3 some authors began reporting a relationship between
thyroid malignancy prognosis and the mutated BRAF gene,3>7’
although this association was not observed in some other stud-
ies.3%4 Currently this mutation is believed to be the most
promising molecular marker in guiding therapeutic decision
making and prognostication for thyroid cancer,!7-21:26:38,57.65.72

Well-differentiated thyroid cancer is a disease with an
overall 5-year survival rate of 97.3% and an age-adjusted death
rate of 0.5 per 100,000 people.? Despite this good outcome and
low disease-related death, the tumor can recur, causing increased

disease-related morbidity. Some clinical factors have been shown
to be associated with a worse prognosis. These include advanced
age, male sex, tumor size, extrathyroidal extension, race, lymph
node metastasis, and distant metastasis.®* The factor with the
most negative impact on disease-related morbidity is the recur-
rence of disease. Recurrent disease results in impaired quality
of life, risk of reoperations, and exposure to high cumulative
radioiodine dose, which leads to an elevated risk of complica-
tions, morbidity, and death.%%-84

The BRAF V600E mutation has been widely reported to
be associated with PTC prognosis, showing an adverse influence
on tumor aggressiveness.>>’® However, some studies did not
find a significant association with prognosis.”-28:36:44:38.66 [y the
present updated meta-analysis, we searched for the incidence
of PTC recurrence/persistence, selecting papers that permitted
extraction of sufficient data to calculate the risk ratio. All the
studies included in the current meta-analysis were retrospective

braf+/ext thyr ext+  braf-/ext thyr ext+ Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Abubaker 2008 77 153 70 143 326% 1.03[0.82,1.29] +
Elisei 2008 5 35 7 62 23% 1.27[0.43, 3.69] B Re—
Fugazzola 2006 0 0 0 0 Not estimable
Howell 2011 44 86 13 133  46% 5.23[3.00,9.13] —
Kim 2006 107 149 kil 54 20.5% 1.25[0.97,1.61] =
Musholt 2010 0 0 0 0 Not estimable
O'Neill 2010 8 60 7 41 3.8% 0.781[0.31,1.99] I
Riesco-Eizaguirre 2006 18 28 11 39 41% 2.281[1.29,4.04] —_—
Sapio 2006 0 0 0 0 Not estimable
Sykorova 2010 30 81 42 161 12.7% 1.42[0.97,2.09] Sl
Xing 2005 44 107 18 112 7.9% 2.56[1.58,4.14] a
Xing 2009 17 73 13 117 45% 2.10[1.08, 4.06] —
Yip 2009 56 106 15 100 7.0% 3.52[2.14,581] -
Total (95% Cl) 878 962 100.0%  1.71[1.50, 1.94] ¢
Total events 406 227
Heterogeneity. Chi*= 56.26, df= 9 (P < 0.00001); F=84% t t i

Test for overall effect. Z= 8.09 (P < 0.00001)

0.01 0.1 1 10
Favors non-extthyrext  Favors ext thyr ext

100

FIGURE 3. Risk ratio for extrathyroidal extension associated with BRAF status. (See Figure 1 for notes and abbreviations.) Abbreviations:

ext thyr ext = extrathyroidal extension.
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braf+/dist met+  braf-/dist met+ Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Abubaker 2008 21 147 9 140 21.4% 2.22[1.05,4.68] —
Elisei 2008 3 37 3 63 52% 1.70[0.36, 8.01] —
Fugazzola 2006 1} 0 0 0 Not estimable
Howell 2011 0 0 0 0 Not estimable
Kim 2006 0 0 0 0 Not estimable
Musholt 2010 8 116 23 137 48.9% 0.41[0.19,0.88] —i—
O'Neill 2010 3 60 2 41 55% 1.02[0.18,5.87] I G—
Riesco-Eizaguirre 2006 1 28 1 39 19% 1.39(0.09,21.33]
Sapio 2006 0 19 1 24 31% 0.42[0.02,9.69]
Sykorova 2010 3 81 9 161 14.0% 0.66[0.18, 2.39] .
Xing 2005 0 0 0 0 Not estimable
Xing 2009 0 0 0 0 Not estimable
Yip 2009 0 0 0 0 Not estimable
Total (95% Cl) 488 605 100.0%  0.95[0.63, 1.44] &
Total events 39 48
Heterogeneity: Chi*=10.79, df=6 (P=0.10); F= 44% I t t i
0.01 0.1 1 10 100

Test for overall efiect: Z= 0.23 (P = 0.82)

Favors non-distmet  Favors dist met

FIGURE 4. Risk ratio for distant metastasis associated with BRAF status. (See Figure 1 for notes and abbreviations.) Abbreviations:

dist met = distant metastasis.

and analyzed different populations with heterogeneous study
designs. This should be taken into account when interpreting
the results of this study.

The most important association with prognosis in thyroid
tumors is seen in PTC cases,>3°-3¢ where the prevalence of this
mutation is 45%, with a range of 29%-83%.”” For follicular
variants of PTC, the prevalence of this mutation is 20%, and for
tall cell variant it has been reported as 50%.2% As BRAF mutation
is predominantly in PTC, for the current study we included only
publications analyzing PTC. We found a 45% incidence of the
BRAF V600E mutation, confirming its worldwide prevalence
observed in PTC cases.”” The benefit of finding a prognostic
marker like BRAF V60OE is only realized if it is able to be as-
sayed before the definitive treatment is rendered. It would then
allow for delineation of a customized approach based on the
prediction of the tumor’s biological behavior. The BRAF V600E
mutation seems to fulfill these criteria.3*3%55:8% In 2009, Xing

aspiration biopsy specimens before surgery was predictive for
increased prevalence of extrathyroidal extension, thyroid capsular
invasion, lymph node metastasis, and recurrence/persistence of
the disease, and suggested that this information could be used to
tailor the extent of the initial surgery.

The methods described for detecting BRAF V600E muta-
tion in the studies included in the current meta-analysis showed
a variation in the techniques. The techniques included direct
sequencing of DNA after PCR amplification alone (the most
common method),1428:35:51.5258 or an associated calorimetric
method,®%#! DNA PCR-SSCP direct sequencing,!*’ DNA PCR
and fluorescence melting curve analysis,?>%* and DNA-MASA
sequencing.®® Recently, the pyrosequencing analysis for detec-
tion of a BRAF V600E mutation was compared with the con-
ventional direct DNA sequencing analysis. The 2008 study by
Kim et al*® showed the pyrosequencing method to be more
sensitive, faster, less expensive, and superior, mainly in fine

et al®® reported that BRAF mutation tested for on fine needle needle aspiration biopsy specimens of thyroid nodules. The
braf+/ad st AJCC+  braf-/ad st AJCC+ Risk Ratio Risk Ratio
Study or Subgroup Events Total  Events Total Weight M-H, Fixed, 95% C| M-H, Fixed, 95% CI
Abubaker 2008 48 142 37 134 23.3% 1.22[0.86, 1.75) ™
Elisei 2008 13 37 7 61  3.2% 3.06 [1.34,6.97)
Fugazzola 2006 7 18 9 29 42% 1.25[0.57,2.77)
Howell 2011 40 86 22 133 10.6% 2.81[1.80, 4.38] —
Kim 2006 62 149 17 54 152% 1.32[0.85, 2.05) ™
Musholt 2010 0 0 0 0 Not estimable
O'Neill 2010 20 60 8 41  58% 1.71[0.83, 3.50]
Riesco-Eizaguitre 2006 23 28 16 39 82% 2.00[1.32,3.03] -
Sapio 2006 1 19 6 24 32% 0.21 [0.03, 1.60]
Sykorova 2010 23 81 26 161 10.6% 1.76 [1.07, 2.88] —
Xing 2005 3 107 16 112 96% 2.03[1.18, 3.49] I
Xing 2008 15 73 13 117  61% 1.85[0.93, 3.66)
Yip 2009 0 0 0 0 Not estimable
Total (95% Cl) 800 905 100.0%  1.70 [1.45, 1.99] ¢
Total events 283 177
Heterogeneity: Chi=17.13, df= 10 (P = 0.07); F= 42% I t t i
0.01 0.1 1 10 100

Test for overall effect: Z=6.46 (P < 0.00001)

Favors non-ad st AJCC Favors ad stAJCC

FIGURE 5. Risk ratio for advanced stage AJCC associated with BRAF status. (See Figure 1 for notes and abbreviations.) Abbreviations: ad st

AJCC = advanced stage AJCC.
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TABLE 4. Association of BRAF-Mutated Gene Status With Anatomopathologic Features and Recurrence in 39 Small (T1)

PTC Patients

BRAF+ (n = 24) BRAF- (n =15) Fisher Exact Test
Feature No. (%) No. (%) P Value Risk Ratio (95% CI) P
Age 0.19
>45 yr 12 (52) 11 (48) 2.75 (0.68-11.11) 0.15
<45 yr 12 (75) 4(25) Ref.
LN metastasis 0.31
Present 9 (75) 3 (25) 2.35 (0.45-16.50) 0.43
Absent 15 (56) 12 (44) Ref.
Extrathyroidal extension 0.45
Present 6 (75) 2 (25) 2.13 (0.31-24.83) 0.65
Absent 18 (58) 13 (42) Ref.
Focality 0.52
Multifocal 13 (57) 10 (43) 0.60 (0.12-2.69) 0.67
Unifocal 11 (69) 5@31) Ref.
Surgical margins 0.53
Compromised or <1 mm 14 (67) 7 (33) 1.58 (0.36-7.12) 0.70
Free 10 (56) 8 (44) Ref.
Recurrence* 0.99
Present 2 (100) 0 NC
Absent 13 (65) 7 (35)

Abbreviations: LN = lymph node, NC = not calculated.
*Studied in a total of 22 patients with available follow-up records.

pyrosequencing analysis was the method used in our BRAF
mutation test for the small primary PTC group studied in the
present meta-analysis. In addition, a qualitative fluorescent rapid
multiplex real-time PCR was designed to witness another BRAF
mutation VK600-1E allowing the detection of homozygous and
heterozygous status of these deletions.>® The variations observed
in the applied methodologies described in the current meta-
analysis could interfere with the sensitivity of the mutation
detection.

The aggressiveness of the PTC and an increased risk of
recurrence/persistence has been observed with clinicopatho-
logic factors such as age <15 years and >45 years, male sex,
history of familial thyroid cancer, and tumor factors such
as diameter >2 cm, multifocal, bilateral, extrathyroidal exten-
sion, subtypes like tall and columnar cell types, nuclear atypia
and tumor necrosis, vascular invasion, lymph node metasta-
sis, distant metastasis, and low iodine uptake.”> BRAF V600E
mutation has been related to almost all of these factors,
which are used in predicting a disease recurrence/persistence
event 4712:14,16,19,22,20.40,41,45,52,57,58,61,64,71,74,77.81 [ the cur-
rent meta-analysis we addressed the disease characteristics of
extrathyroidal extension of the tumor, advanced AJCC stage,
lymph node metastasis, and distant metastasis, to assess the re-
lationship between these occurrences and the BRAF status of the
tumor. All of these features are associated with recurrence/per-
sistence of PTC.

BRAF and Lymph Node Metastasis

In the meta-analysis, the prevalence of lymph node me-
tastasis was increased in patients who were BRAF mutation
positive, with a risk ratio of 1.32 (see Figure 2). Increased risk
was observed in 11 of 13 studies.!-14.23.28.35.51,64,70.80.81.83 Tpe
risk was decreased in only 2 studies.>3-%¢ Although the risk ratio
for lymph node metastasis was only moderately elevated, the
majority of recurrent/persistent disease is due to this factor.**:84

© 2012 Lippincott Williams & Wilkins

There is a bias in the estimates of prevalence of lymph node
metastasis based on different institutional treatment protocols.
O’Neill et al’® (2010) reported selective elective central com-
partment neck dissections in 55% of BRAF-mutated cases and
59% of BRAF wt cases, finding lymph node metastasis in
33.3% and 39%, respectively. Howell et al>* (2011) described an
ipsilateral superficial prophylactic central compartment lymph
node dissection for preoperatively diagnosed PTC on fine nee-
dle aspiration and bilateral central compartment neck dissection
for preoperative ultrasound suspected or intraoperative detec-
tion of lymph node metastasis. In the study by O’Neill et al, the
incidence of recurrence was 10.9% for BRAF-mutated patients
and 25% for wt BRAF patients, and in the study by Howell et al
it was 12.8% for BRAF-mutated patients and 2.3% for wt
BRAF patients. This more aggressive approach, including elec-
tive cervical lymphadenectomy, described in these 2 studies
probably influenced the outcome in the incidence of nodal
recurrences. It is noteworthy that in the study by O’Neill et al,>®
BRAF mutation was significantly associated with clinically
obvious PTC recurrence that required more aggressive treat-
ments, although an apparent inverse association was observed
when biochemical recurrence with mildly elevated Tg was
also included. Kim et al*> (2006) showed an increased preva-
lence of lymph node metastasis in the Korean population with
lymph node metastasis in 77.8% of BRAF-mutated cases and
68.5% in BRAF wt cases, with a 17.7% overall incidence of
recurrence. The difference in the prevalence of lymph node me-
tastasis, comparing BRAF-mutated cases to BRAF wt cases, was
statistically significant in 5 studies.?33%-80-8183 The overall
prevalence of lymph node metastasis in the current meta-analysis
was 45.2%, with 54.1% for BRAF-mutated cases and 36.8%
for BRAF wt cases. This sample of a large number of patients
from 9 countries showed an elevated prevalence of known lymph
node metastasis regardless of BRAF status. Diagnostic methods,
including anatomopathologic studies, blood assays, and radiologic
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exams, have led to an increase in the incidence of diagnosed
lymph node metastasis in the past few years.?>?846-84 Indeed, one
of the most important aims of determining the relevance of
BRAF expression preoperatively is to predict a worse prognosis,
and in mutated cases, recommend a more comprehensive ap-
proach addressing the lymphatic drainage.>°

BRAF and Extrathyroidal Extension

Recurrent/persistent disease significantly contributes to
PTC morbidity. A residual invasive tumor has the potential risk
to invade cervical structures such as the trachea, requiring more
aggressive treatment with an increased chance of treatment
morbidity. Extrathyroidal extension is an important factor re-
lated to PTC prognosis, contributing to an increased risk of local
recurrence/persistence of the disease, despite the size of the
tumor (see Figure 3).%¢ The thyroid remnant is responsible for
8%-20% of recurrent cases.?®* In the current meta-analysis
we found a strong association between BRAF-mutated expres-
sion and the risk of extrathyroidal extension, with a risk ratio
of 1.71. The literature supports that this tendency has been the
most commonly reported association between BRAF mutation
and other clinical/pathologic features that have been reported
to be associated with BRAF status. Xing et al®! (2005), Riesco-
Eizaguirre et al® (2006), Xing et al®® (2009), and Yip et al®
(2009) all found a statistically significant association between
BRAF V600E mutation and extrathyroidal extension. Extra-
thyroidal extension carries an increased risk for recurrence of
PTC and papillary microcarcinoma,*® and decreased survival %
Furthermore, gross extrathyroidal extension influences disease-
free survival and cause-specific survival.?® In most situations,
extrathyroidal extension is only a postoperative/anatomopatho-
logic finding. The benefit of determining the BRAF status before
surgery is that it could be used to inform the patient and justify
the decision to perform a more extended and possibly aggressive
surgical approach in BRAF-mutated tumors.°

BRAF and Distant Metastasis

Distant metastasis is an uncommon event in PTC cases,
being observed in 1%—5% of cases.**-84 It is generally associated
with lymph node metastasis,*® and carries a worse prognosis
compared to other clinicopathologic features. Studies included
in the current meta-analysis revealed a prevalence of distant
metastasis in 8.0% of BRAF-mutated cases and 7.9% of BRAF
wt cases, which was not a statistically significant association
(see Figure 4). The total number of reported cases of distant
metastases in these studies was 87 of 1093 patients, so there
was limited power in detecting an association. BRAF V600E
mutation is associated with impaired tumor cell iodine uptake,
conferring a poor prognosis based on resistance to the conven-
tional radioactive iodine adjuvant therapy recommended in those
cases.>® The effectiveness of radioactive iodine ablation is de-
pendent on the ability of thyrocytes to take up iodide via a so-
dium-iodide symporter (NIS) mediated process, which is located
on the cell membrane. Xing et al®® reported the initial finding
that BRAF mutation was associated with decreased radioactive
iodine avidity in recurrent/persistent PTC, consistent with the
2006 study by Riesco-Eizaguirre et al** showing a dramatically
decreased NIS expression and impaired NIS targeting to mem-
branes in BRAF-mutated PTC.

BRAF and AJCC Stage of Disease

Because the AJCC staging system is a sum of tumor fea-
tures including lymph node status and evidence of distant spread
of the disease, we hypothesized that there was an association
between BRAF status and AJCC stage. Confirming our hy-
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pothesis, AJCC stage III/IV was reported to have a strong as-
sociation with BRAF mutation in the current meta-analysis,
conferring a risk ratio of 1.70 (see Figure 5). The AJCC staging
system defines stage III/IV as cases with tumor classifica-
tion over T3 or any T with lymph node metastasis or distant
metastasis in patients aged >45 years. Patients aged <45 years
qualify for stages I and II only.® Some studies in the literature
reported an association between age >45 years or 60 years and
BRAF status, showing an increased incidence of this mutation
in older patients.?!1:1430.31.52,54 Tyelve of 14 studies evaluated
in the current meta-analysis searched for an association between
BRAF status and age. Elisei et al'?> (2008) found a relation
between BRAF mutation and age over 60 years. Howell et al®>
(2011) observed that recurrent/persistent disease appeared to af-
fect predominately patients who were both elderly and BRAF
mutated, and these 2 criteria alone (age and BRAF status) were
not enough to confer an increased risk for recurrence in their
population. Xing et al®! (2005), Riesco-Eizaguirre et al** (2006),
and Elisei et al'? reported a statistically significant association
between BRAF-mutated tumors and advanced stage AJCC III/
IV. BRAF mutation is an event that portends a more aggressive
course of the tumor, and even in papillary microcarcinoma it
conferred an increased incidence of extrathyroidal extension,
multifocality, and nodal metastasis.*!?

The Role of BRAF V600E Mutation in PTC
Recurrence/Persistence

The 5-year survival rate for PTC confined to the thyroid
gland is 99.7%; for tumor spread to locoregional lymph nodes,
96.9%:; and for distant metastatic disease, 57.8%.%° Surveillance
to detect disease recurrence or persistence is one of the most
important goals of follow-up. Few patients will die of the dis-
ease, but a significant portion of these patients will experience
a disease recurrence/persistence event that may require addi-
tional treatment and intensive follow-up that may lead to mor-
bidity. To predict those patients more likely to have recurrent/
persistent disease and define where more aggressive initial
treatment may be justified to avoid recurrence, many clinico-
pathologic features have been studied, some of which are not
available before initial treatment. The BRAF V600E mutation
is an important pretreatment prognostic marker for PTC cases
that may allow for a more customized initial treatment plan to
reduce the risk of recurrence/persistence.

Several factors are associated with an increased prevalence
of BRAF V600E mutation. High iodine intake, sometimes im-
plicated in PTC pathogenesis, is one such factor. Male patients
have also been reported to have an increased prevalence of
BRAF V600E mutation.?%3° Several studies have demon-
strated the benefit of BRAF V600E mutation status assessed
on fine needle aspiration biopsy as a complementary diagnostic
tool 33518083 The current meta-analysis showed that the BRAF
V600E mutation was associated with lymph node metastasis,
extrathyroidal extension, and advanced stage AJCC III/IV, dis-
ease characteristics that are directly related to the risk of recur-
rence/persistence of the disease. Beyond these findings, it has
been suggested that the BRAF V600E mutation has a connec-
tion with patients with older age, larger tumor size, and ag-
gressive subtypes.>!1-12:14.30,31,35,52,54,57.64  The relationship
of BRAF V600E mutation and other cell processes showed an
association with an impaired NIS expression and also a decrease
in iodide-metabolizing gene expression of TSH-R, Tg, and
TPO.!!:57:64 Based on imaging, Barollo et al* (2010) reported
a decreased uptake of '*'I in primary and recurrent/persistent
disease in BRAF-mutated cases, with an inverse ability to con-
centrate '®F-FDG in these cases. In their 2012 meta-analysis,
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Kim et al** observed an elevated risk for extrathyroidal invasion,

lymph node metastasis, and advanced stage in BRAF-mutated
carriers. In summary, BRAF V600E mutation is associated with
the factors stated above, which are related to an increased risk
of recurrence/persistence of the PTC disease. Therefore, testing
for the BRAF V600E mutation may be an effective predictor
of prognosis in PTC cases. This information may be critical to
appropriately tailor treatment to minimize tumor recurrence for
an individual patient with PTC.

Primary PTC <1.5 cm Group Study

A molecular marker like BRAF that could help to predict
prognosis would be most useful in early-stage PTC for cus-
tomizing initial treatment.”? The extent of initial thyroid resec-
tion (thyroid lobectomy vs. total thyroidectomy), the decision
to perform an elective cervical nodal dissection at the time
of thyroidectomy, and the decision to give radioactive iodine
postoperatively are all controversial in early-stage PTC.6 In our
study of patients with primary PTC, 2 patients had a recurrence/
persistence event in the form of lymph node metastasis in the
central neck. Both of these patients were aged <45 years. The
age is significant because in the American Joint Committee
on Cancer (AJCC) staging system, age <45 years is stage 1 even
with lymph node metastasis, and suggests a favorable overall
prognosis. Unfortunately, the AJCC staging scheme does not
necessarily differentiate the risk of a recurrence/persistence event
for this patient population with PTC. Both patients with a re-
currence/persistence event in our study also carried the BRAF
mutation. The current meta-analysis has elucidated a clear as-
sociation with lymph node metastasis and the BRAF mutation.
Knowledge of a BRAF-positive primary PTC by fine needle
aspiration before surgery could influence the surgeon to perform
a formal elective central neck dissection to reduce this risk of
lymph node recurrence/persistence. Our results in this study
for lymph node metastases and extrathyroidal extension showed
a pattern similar to the results found in the meta-analysis. Though
not statistically significant, these 2 features were more prevalent
among BRAF-mutated patients (see Table 4).

In our small primary PTC group study, the BRAF-mutated
gene expression was easily studied using a pyrosequencing
technique on paraffin-embedded tumor samples, which is the
more sensitive, fast, and less expensive method to detect the
mutation, compared to direct DNA sequencing.'®** Knowledge
of this information at this point in the treatment (after surgery)
may influence the decision to give radioactive iodine and the
dose. Carefully designed prospective studies are necessary to
confirm the utility of BRAF testing for customizing treatment
in patients with PTC.

Conclusion

BRAF mutation evaluation represents a molecular marker
test that has moved from “bench to bedside” and can be tested
on paraffin-embedded, frozen tissue, and fine-needle aspirated
samples of PTC for clinical decision making. Based on the
current updated meta-analysis, BRAF testing is confirmed to
hold great promise to refine initial treatments of PTC to mini-
mize tumor recurrence.

REFERENCES

1. Abubaker J, Jehan Z, Bavi P, Sultana M, Al-Harbi S, Ibrahim M,
Al-Nuaim A, Ahmed M, Amin T, Al-Fehaily M, Al-Sanea O, Al-Dayel F,
Uddin S, Al-Kuraya KS. Clinicopathological analysis of papillary

© 2012 Lippincott Williams & Wilkins

11.

13.

14.

thyroid cancer with PIK3CA alterations in a Middle Eastern
population. J Clin Endocrinol Metab. 2008;93:611-618.

Adeniran AJ, Zhu Z, Gandhi M, Steward DL, Fidler JP, Giordano TJ,
Biddinger PW, Nikiforov YE. Correlation between genetic alterations
and microscopic features, clinical manifestations, and prognostic
characteristics of thyroid papillary carcinomas. Am J Surg Pathol.
2006;30:216-222.

Altekruse SF, Kosary CL, Krapcho M, Neyman N, Aminou R, Waldron
W, Ruhl J, Howlader N, Tatalovich Z, Cho H, Mariotto A, Eisner MP,
Lewis DR, Cronin K, Chen HS, Feuer EJ, Stinchcomb DG, Edwards BK,
eds. SEER Cancer Statistics Review, 1975-2007. Bethesda, MD:
National Cancer Institute. http://seer.cancer.gov/csr/1975_2007/, based
on November 2009 SEER data submission, posted to the SEER

web site, 2010.

Barollo S, Pennelli G, Vianello F, Watutantrige Fernando S, Negro I,
Merante Boschin I, Pelizzo MR, Rugge M, Mantero F, Nacamulli D,
Girelli ME, Busnardo B, Mian C. BRAF in primary and recurrent
papillary thyroid cancers: the relationship with (131)I and
2-[(18)F]fluoro-2-deoxy-D-glucose uptake ability. Eur J Endocrinol.
2010;163:659—-663.

Cohen Y, Xing M, Mambo E, Guo Z, Wu G, Trink B, Beller U, Westra
WH, Ladenson PW, Sidransky D. BRAF mutation in papillary
thyroid carcinoma. J Natl Cancer Inst. 2003;95:625-627.

. Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL, Mandel SJ,

Mazzaferri EL, Mclver B, Pacini F, Schlumberger M, Sherman SI,
Steward DL, Tuttle RM. Revised American Thyroid Association
management guidelines for patients with thyroid nodules and
differentiated thyroid cancer. Thyroid. 2009;19:1167-1214.

Costa AM, Herrero A, Fresno MFE, Heymann J, Alvarez JA,
Cameselle-Teijeiro J, Garcia-Rostan G. BRAF mutation associated
with other genetic events identifies a subset of aggressive papillary
thyroid carcinoma. Clin Endocrinol (Oxf). 2008;68:618—634.

Davies H, Bignell GR, Cox C, Stephens P, Edkins S, Clegg S, Teague J,
Woffendin H, Garnett MJ, Bottomley W, Davis N, Dicks E, Ewing R,
Floyd Y, Gray K, Hall S, Hawes R, Hughes J, Kosmidou V, Menzies A,
Mould C, Parker A, Stevens C, Watt S, Hooper S, Wilson R, Jayatilake
H, Gusterson BA, Cooper C, Shipley J, Hargrave D, Pritchard-Jones K,
Maitland N, Chenevix-Trench G, Riggins GJ, Bigner DD, Palmieri G,
Cossu A, Flanagan A, Nicholson A, Ho JW, Leung SY, Yuen ST, Weber
BL, Seigler HF, Darrow TL, Paterson H, Marais R, Marshall CJ,
Wooster R, Stratton MR, Futreal PA. Mutations of the BRAF

gene in human cancer. Nature. 2002;417:949-954.

Davies LW, Welch HG. Increasing incidence of thyroid cancer in
the United States, 1973-2002. JAMA. 2006;295:2164-2167.

Durand S, Ferraro-Peyret C, Joufre M, Chave A, Borson-Chazot F,
Selmi-Ruby S, Rousset B. Molecular characteristics of papillary thyroid
carcinomas without BRAF mutation or RET/PTC rearrangement:
relationship with clinico-pathological features. Endocr Relat Cancer.
2009;16:467-481.

Durante C, Puxeddu E, Ferretti E, Morisi R, Moretti S, Bruno R, Barbi F,
Avenia N, Scipioni A, Verrienti A, Tosi E, Cavaliere A, Gulino A,
Filetti S, Russo D. BRAF mutations in papillary thyroid carcinomas
inhibit genes involved in iodine metabolism. J Clin Endocrinol Metab.
2007;92:2840-2843.

Elisei R, Ugolini C, Viola D, Lupi C, Biagini A, Giannini R, Romei C,
Miccoli P, Pinchera A, Basolo F. BRAF(V600E) mutation and
outcome of patients with papillary thyroid carcinoma: a 15-year median
follow-up study. J Clin Endocrinol Metab. 2008;93:3943-3949.

Fritze DD, Doherty GM. Surgical management of cervical lymph nodes
in differentiated thyroid cancer. Otolaryngol Clin North Am.
2010;43:285-300.

Fugazzola L, Puxeddu E, Avenia N, Romei C, Cirello V, Cavaliere A,
Faviana P, Mannavola D, Moretti S, Rossi S, Sculli M, Bottici V,
Beck-Peccoz P, Pacini F, Pinchera A, Santeusanio F, Elisei R. Correlation

www.md-journal.com | 283

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


http://seer.cancer.gov/csr/1975_2007/

Tufano et al

Medicine * Volume 91, Number 5, September 2012

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

between B-RAFV600E mutation and clinico-pathologic parameters
in papillary thyroid carcinoma: data from a multicentric Italian
study and review of the literature. Endocr Relat Cancer.
2006;13:455-464.

. Garnett MJ, Marais R. Guilty as charged: B-RAF is a human

oncogene. Cancer Cell. 2004;6:313-319.

. Ghossein R, Livolsi VA. Papillary thyroid carcinoma tall cell variant.

Thyroid. 2008;18:1179—1181.

. Girlando S, Cuorvo LV, Bonzanini M, Morelli L, Amadori P, Dalla Palma

P, Barbareschi M. High prevalence of B-RAF mutation in papillary
carcinoma of the thyroid in north-east Italy. Int J Surg Pathol.
2010;18:173-176.

. Griffith OL, Melck A, Jones SJ, Wiseman SM. Meta-analysis and

meta-review of thyroid cancer gene expression profiling studies
identifies important diagnostic biomarkers. J Clin Oncol.
2006;24:5043-5051.

. Groussin L, Fagin JA. Significance of BRAF mutations in papillary

thyroid carcinoma: prognostic and therapeutic implications.
Nat Clin Pract Endocrinol Metab. 2006;2:180-181.

Guan H, Ji M, Bao R, Yu H, Wang Y, Hou P, Zhang Y, Shan Z, Teng W,
Xing M. Association of high iodine intake with the T1799A BRAF
mutation in papillary thyroid cancer. J Clin Endocrinol Metab.
2009;94:1612-1617.

Handkiewicz-Junak D, Czarniecka A, Jarzab B. Molecular prognostic
markers in papillary and follicular thyroid cancer: current status
and future directions. Mol Cell Endocrinol. 2010;322:8-28.

Henderson YC, Shellenberger TD, Williams MD, El-Naggar AK,
Fredrick MJ, Cieply KM, Clayman GL. High rate of BRAF

and RET/PTC dual mutations associated with recurrent papillary
thyroid carcinoma. Clin Cancer Res. 2009;15:485-491.

Howell GM, Carty SE, Armstrong MJ, Lebeau SO, Hodak SP, Coyne C,
Stang MT, McCoy KL, Nikiforova MN, Nikiforov YE, Yip L.

Both BRAF V600E mutation and older age (> 65 years) are
associated with recurrent papillary thyroid cancer. Ann Surg Oncol.
2011;18:3566-3571.

Hundahl SA, Fleming ID, Fremgen AM, Menck HR. A National Cancer
Data Base report on 53,856 cases of thyroid carcinoma treated
in the U.S., 1985-1995. Cancer. 1998;83:2638-2348.

Hwang HS, Orloff LA. Efficacy of preoperative neck ultrasound
in the detection of cervical lymph node metastasis from thyroid cancer.
Laryngoscope. 2011;121:487—491.

Hwang J, Shin JH, Han BK, Ko EY, Kang SS, Kim JW, Chung JH.
Papillary thyroid carcinoma with BRAFV600E mutation: sonographic
prediction. 4JR Am J Roentgenol. 2010;194:W425-W430.

Tagaru A, Kalinyak JE, McDougall IR. F-18 FDG PET/CT in the
management of thyroid cancer. Clin Nucl Med. 2007;32:690-695.

Ito Y, Yoshida H, Maruo R, Morita S, Takano T, Hirokawa M, Yabuta T,
Fukushima M, Inoue H, Tomoda C, Kihara M, Uruno T, Higashiyama T,
Takamura Y, Miya A, Kobayashi K, Matsuzuka F, Miyauchi A.
BRAF mutation in papillary thyroid carcinoma in a Japanese population:
its lack of correlation with high-risk clinicopathological features

and disease-free survival of patients. Endocr J. 2009;56:89-97.

Jung CK, Kang YG, Bae JS, Lim DJ, Choi YJ, Lee KY. Unique patterns
of tumor growth related with the risk of lymph node metastasis in
papillary thyroid carcinoma. Mod Pathol. 2010;23:1201-1208.

Kebebew E, Weng J, Bauer J, Ranvier G, Clark OH, Duh QY, Shibru D,
Bastian B, Griffin A. The prevalence and prognostic value of BRAF
mutation in thyroid cancer. Ann Surg. 2007;246:466—470.

Kim J, Giuliano AE, Turner RR, Gaffney RE, Umetani N, Kitago M,
Elashoff D, Hoon DS. Lymphatic mapping establishes the role

of BRAF gene mutation in papillary thyroid carcinoma. Ann Surg.
2006;244:799-804.

284 | www.md-journal.com

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Kim KH, Kang DW, Kim SH, Seong 10, Kang DY. Mutations of
the BRAF gene in papillary thyroid carcinoma in a Korean population.
Yonsei Med J. 2004;45:818-821.

Kim SK, Kim DL, Han HS, Kim WS, Kim SJ, Moon WJ, Oh SY,
Hwang TS. Pyrosequencing analysis for detection of a BRAFV600E
mutation in an FNAB specimen of thyroid nodules. Diagn Mol
Pathol. 2008;17:118-125.

Kim TH, Park Yj, Lim JA, Ahn HY, Lee EK, Lee YJ, Kim KW, Hahn SK,
Youn YK, Kim KH, Cho BY, Park do J. The association of the

BRAF V600E mutation with prognostic factors and poor clinical
outcome in papillary thyroid cancer. Cancer. 2012;118:

1764-1773. Epub 2011 Aug 31.

Kim TY, Kim WB, Rhee YS, Song JY, Kim JM, Gong G, Lee S, Kim SY,
Kim SC, Hong SJ, Shong YK. The BRAF mutation is useful for
prediction of clinical recurrence in low-risk patients with conventional
papillary thyroid carcinoma. Clin Endocrinol (Oxf). 2006;
65:364-368.

Kim TY, Kim WB, Song JY, Rhee YS, Gong G, Cho YM, Kim SY,
Kim SC, Hong SJ, Shong YK. The BRAF mutation is not associated
with poor prognostic factors in Korean patients with conventional
papillary thyroid microcarcinoma. Clin Endocrinol (Oxf). 2005,
63:588-593.

Kloos RT, Mazzaferri EL. A single recombinant human
thyrotropin-stimulated serum thyroglobulin measurement predicts
differentiated thyroid carcinoma metastases three to five years later.
J Clin Endocrinol Metab. 2005;90:5047-5057.

Kwak JY, Kim EK, Chung WY, Moon HJ, Kim MJ, Choi JR.
Association of BRAFV600E mutation with poor clinical
prognostic factors and US features in Korean patients

with papillary thyroid microcarcinoma. Radiology. 2009;253:
854-860.

Lassalle S, Hofman V, Ilie M, Butori C, Bozec A, Santini J,

Vielh P, Hofman P. Clinical impact of the detection of BRAF mutations
in thyroid pathology: potential usefulness as diagnostic, prognostic
and theragnostic applications. Curr Med Chem. 2010;17:

1839-1850.

Lee JH, Lee ES, Kim YS. Clinicopathologic significance of BRAF
V600E mutation in papillary carcinomas of the thyroid: a meta-analysis.
Cancer. 2007;110:38-46.

Lee X, Gao M, Ji Y, Yu Y, Feng Y, Li Y, Zhang Y, Cheng W, Zhao W.
Analysis of differential BRAF(V600E) mutational status in high
aggressive papillary thyroid microcarcinoma. 4Ann Surg Oncol.
2009;16:240-245.

Lin KL, Wang OC, Zhang XH, Dai XX, Hu XQ, Qu JM. The BRAF
mutation is predictive of aggressive clinicopathological
characteristics in papillary thyroid microcarcinoma. Ann Surg Oncol.
2010;17:3294-3300.

Lind P, Kohlfurst S. Respective roles of thyroglobulin, radioiodine
imaging, and positron emission tomography in the assessment
of thyroid cancer. Semin Nucl Med. 2006;36:194-205.

Liu RT, Chen YJ, Chou FF, Li CL, Wu WL, Tsai PC, Huang CC,
Cheng JT. No correlation between BRAFV600E mutation

and clinicopathological features of papillary thyroid carcinomas
in Taiwan. Clin Endocrinol (Oxf). 2005;63:461-466.

Liu Z, Liu D, Bojdani E, El-Naggar AK, Vasko V, Xing M.
IQGAPI1 plays an important role in the invasiveness of
thyroid cancer. Clin Cancer Res. 2010;16:

6009-6018.

Lombardi CP, Bellantone R, De Crea C, Paladino NC, Fadda G,
Salvatori M, Raffaelli M. Papillary thyroid microcarcinoma:
extrathyroidal extension, lymph node metastases, and risk factors for
recurrence in a high prevalence of goiter area. World J Surg.
2010;34:1214-1221.

© 2012 Lippincott Williams & Wilkins

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Medlicine * Volume 91, Number 5, September 2012

BRAF in Papillary Thyroid Cancer: A Meta-Analysis

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Lundgren CI, Hall P, Dickman PW, Zedenius J. Influence of surgical and
postoperative treatment on survival in differentiated thyroid cancer.
Br J Surg. 2007;94:571-577.

Maciel RM, Kimura ET, Cerutti JM. [Pathogenesis of differentiated
thyroid cancer (papillary and follicular)]. Arg Bras Endocrinol Metabol.
2005;49:691-700.

Mazzaferri EL, Jhiang SM. Long-term impact of initial surgical and
medical therapy on papillary and follicular thyroid cancer. 4m J Med.
1994;97:418-428.

Melck AL, Yip L, Carty SE. The utility of BRAF testing in the
management of papillary thyroid cancer. Oncologist.
2010;15:1285-1293.

Musholt TJ, Schonefeld S, Schwarz CH, Watzka FM, Musholt PB,
Fottner C, Weber MM, Springer E, Schad A. Impact of
pathognomonic genetic alterations on the prognosis of papillary thyroid
carcinoma. ESES vienna presentation. Langenbecks Arch Surg.
2010;395:877-883.

Nakayama H, Yoshida A, Nakamura Y, Hayashi H, Miyagi Y, Wada N,
Rino Y, Masuda M, Imada T. Clinical significance of BRAF (V600E)
mutation and Ki-67 labeling index in papillary thyroid carcinomas.
Anticancer Res. 2007;27(5B):3645-3649.

Namba H, Nakashima M, Hayashi T, Hayashida N, Maeda S,
Rogounovitch TI, Ohtsuru A, Saenko VA, Kanematsu T,

Yamashita S. Clinical implication of hot spot BRAF mutation, V599E,
in papillary thyroid cancers. J Clin Endocrinol Metab. 2003;88:
4393-4397.

Nikiforova MN, Kimura ET, Gandhi M, Biddinger PW, Knauf JA,
Basolo F, Zhu Z, Giannini R, Salvatore G, Fusco A, Santoro M,
Fagin JA, Nikiforov YE. BRAF mutations in thyroid tumors

are restricted to papillary carcinomas and anaplastic or poorly
differentiated carcinomas arising from papillary carcinomas. J Clin
Endocrinol Metab. 2003;88:5399-5404.

Ohori NP, Nikiforova MN, Schoedel KE, LeBeau SO, Hodak SP,
Seethala RR, Carty SE, Ogilvie JB, Yip L, Nikiforov YE.
Contribution of molecular testing to thyroid fine-needle aspiration
cytology of “follicular lesion of undetermined significance/atypia
of undetermined significance”. Cancer Cytopathol. 2010;
118:17-23.

Oler G, Camacho CP, Hojaij FC, Michaluart P Jr, Riggins GJ, Cerutti JM.
Gene expression profiling of papillary thyroid carcinoma identifies
transcripts correlated with BRAF mutational status and lymph node
metastasis. Clin Cancer Res. 2008;14:4735-4742.

Oler G, Cerutti JM. High prevalence of BRAF mutation in a Brazilian
cohort of patients with sporadic papillary thyroid carcinomas:
correlation with more aggressive phenotype and decreased expression
of iodide-metabolizing genes. Cancer. 2009;115:972-980.

O’Neill CJ, Bullock M, Chou A, Sidhu SB, Delbridge LW, Robinson
BG, Gill AJ, Learoyd DL, Clifton-Bligh R, Sywak MS. BRAF(V600E)
mutation is associated with an increased risk of nodal recurrence
requiring reoperative surgery in patients with papillary thyroid cancer.
Surgery. 2010;148:1139-1145.

Orru G, Coghe F, Faa G, Pillai S, Manieli C, Montaldo C, Pilia F,
Pichiri G, Piras V, Coni P. Rapid multiplex real-time PCR by molecular
beacons for different BRAF allele detection in papillary thyroid
carcinoma. Diagn Mol Pathol. 2010;19:1-8.

Pai SI, Tufano RP. Reoperation for recurrent/persistent
well-differentiated thyroid cancer. Otolaryngol Clin North Am.
2010;43:353-363.

Park YJ, Kim YA, Lee YJ, Kim SH, Park SY, Kim KW, Chung JK,
Youn YK, Kim KH, Park do J, Cho BY. Papillary microcarcinoma

in comparison with larger papillary thyroid carcinoma in BRAF(V600E)
mutation, clinicopathological features, and immunohistochemical
findings. Head Neck. 2010;32:38-45.

© 2012 Lippincott Williams & Wilkins

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

Pelizzo MR, Boschin IM, Toniato A, Piotto A, Pagetta C,

Gross MD, Al-Nahhas A, Rubello D. Papillary thyroid carcinoma:
35-year outcome and prognostic factors in 1858 patients.

Clin Nucl Med. 2007;32:440-444.

QIAGEN. Sample and Assay Technologies. URL: http://
www.qiagen.com/products/pyromarkq24.aspx; 2011.

Riesco-Eizaguirre G, Gutierrez-Martinez P, Garcia-Cabezas MA,
Nistal M, Santisteban P. The oncogene BRAF V600E is associated with a
high risk of recurrence and less differentiated papillary thyroid
carcinoma due to the impairment of Na+/I— targeting to the membrane.
Endocr Relat Cancer. 2006;13:257-269.

Rosenbaum MA, McHenry CR. Contemporary management of
papillary carcinoma of the thyroid gland. Expert Rev Anticancer Ther.
2009;9:317-329.

Sapio MR, Posca D, Troncone G, Pettinato G, Palombini L, Rossi G,
Fenzi G, Vitale M. Detection of BRAF mutation in thyroid papillary
carcinomas by mutant allele-specific PCR amplification (MASA).
Eur J Endocrinol. 2006;154:341-348.

Shibru D, Chung KW, Kebebew E. Recent developments in the clinical
application of thyroid cancer biomarkers. Curr Opin Oncol.
2008;20:13-18.

Soares P, Trovisco V, Rocha AS, Lima J, Castro P, Preto A, Maximo V,
Botelho T, Seruca R, Sobrinho-Simoes M. BRAF mutations and
RET/PTC rearrangements are alternative events in the etiopathogenesis
of PTC. Oncogene. 2003;22:4578-4580.

Suliburk J, Delbridge L. Surgical management of well-differentiated
thyroid cancer: state of the art. Surg Clin North Am. 2009;89:
1171-1191.

Sykorova V, Dvorakova S, Ryska A, Vcelak J, Vaclavikova E,

Laco J, Kodetova D, Kodet R, Cibula A, Duskova J, Hlobilkova A, Astl J,
Vesely D, Betka J, Hoch J, Smutny S, Cap J, Vicek P, Novak Z,
Bendlova B. BRAFV600E mutation in the pathogenesis of a large series
of papillary thyroid carcinoma in Czech Republic. J Endocrinol Invest.
2010;33:318-324.

Tang KT, Lee CH. BRAF mutation in papillary thyroid carcinoma:
pathogenic role and clinical implications. J Chin Med Assoc.
2010;73:113-128.

Tufano RP, Kandil E. Considerations for personalized surgery in patients
with papillary thyroid cancer. Thyroid. 2010;20:771-776.

Vriens MR, Schreinemakers JM, Suh I, Guerrero MA, Clark OH.
Diagnostic markers and prognostic factors in thyroid cancer.
Future Oncol. 2009;5:1283-1293.

Wang W, Wang H, Teng X, Mao C, Teng R, Zhao W, Cao J,
Fahey TJ III, Teng L. Clonal analysis of bilateral, recurrent, and
metastatic papillary thyroid carcinomas. Hum Pathol.
2010;41:1299-1309.

Ward LS, Morari EC, Leite JL, Bufalo NE, Guilhen AC, Araujo PP,
Tincani AJ, Assumpcao LV, Matos PS. Identifying a risk profile

for thyroid cancer. Arq Bras Endocrinol Metabol. 2007;51:
713-722.

Xing M. BRAF mutation in papillary thyroid cancer: pathogenic
role, molecular bases, and clinical implications. Endocr Rev.
2007;28:742-762.

Xing M. BRAF mutation in thyroid cancer. Endocr Relat Cancer.
2005;12:245-262.

Xing M. Prognostic utility of BRAF mutation in papillary thyroid
cancer. Mol Cell Endocrinol. 2010;321:86-93.

Xing M. Recent advances in molecular biology of thyroid cancer and
their clinical implications. Otolaryngol Clin North Am.
2008;41:1135-1146, ix.

Xing M, Clark D, Guan H, Ji M, Dackiw A, Carson KA, Kim M,
Tufaro A, Ladenson P, Zeiger M, Tufano R. BRAF mutation

www.md-journal.com | 285

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


http://www.qiagen.com/products/pyromarkq24.aspx
http://www.qiagen.com/products/pyromarkq24.aspx

Tufano et al Medicine * Volume 91, Number 5, September 2012

testing of thyroid fine-needle aspiration biopsy specimens 82. Xu X, Quiros RM, Gattuso P, Ain KB, Prinz RA. High
for preoperative risk stratification in papillary thyroid cancer. prevalence of BRAF gene mutation in papillary thyroid carcinomas
J Clin Oncol. 2009;27:2977-2982. and thyroid tumor cell lines. Cancer Res. 2003;63:4561-4567.

81. Xing M, Westra WH, Tufano RP, Cohen Y, Rosenbaum E, 83. Yip L, Nikiforova MN, Carty SE, Yim JH, Stang MT, Tublin MJ,
Rhoden KJ, Carson KA, Vasko V, Larin A, Tallini G, Tolaney S, Lebeau SO, Hodak SP, Ogilvie JB, Nikiforov YE. Optimizing
Holt EH, Hui P, Umbricht CB, Basaria S, Ewertz M, surgical treatment of papillary thyroid carcinoma associated with
Tufaro AP, Califano JA, Ringel MD, Zeiger MA, Sidransky D, BRAF mutation. Surgery. 2009;146:1215-1223.
Ladenson PW. BRAF mutation predicts a poorer clinical 84. Zaydfudim V, Feurer ID, Griffin MR, Phay JE. The impact of
prognosis for papillary thyroid cancer. J Clin Endocrinol Metab. lymph node involvement on survival in patients with papillary and
2005;90:6373-6379. follicular thyroid carcinoma. Surgery. 2008;144:1070-1077.

286 | www.md-journal.com © 2012 Lippincott Williams & Wilkins

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



