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Papillary thyroid carcinoma (PTC) is the most 
common thyroid malignancy, representing ~80% 
of all cases. In PTC, mutations of genes encoding 
effectors of the mitogen-activated protein 
kinase (MAPK) pathway are central to malignant 
transformation. In 70% of all cases rearrange-
ments of the genes encoding the receptor tyro-
sine kinases RET or NTRK leading to expression 
of constitutively active fusion proteins, as well as 
activating-point mutations of RAS or BRAF, are 
found. In any given PTC, mutation only occurs 
in a single component of the MAPK pathway, 
supporting the idea that constitutive functional 
activation of any of these effectors alone is 
sufficient to foster development of PTC.1

The BRAF (T1799A) somatic mutation 
encodes the constitutively active kinase B-Raf 
(Val600Glu). Among differentiated thyroid 
neoplasms this mutation is found almost 
exclusively in PTC, accounting for approxi-
mately 44% of all cases.2 A recently reported 
intrachromosomal rearrange ment between 
BRAF and AKAP9 also leads to expression of a 
constitutively active form of B-Raf, but is a rare 
event found mainly in a subset of radiation-
induced PTC.3 BRAF mutations are probably 
involved in tumor initiation, as they are found 
in microscopic PTC. Targeted expression of 
B-Raf (Val600Glu) in thyroid cells of transgenic 
mice results in PTC, indicating that inappro-
priate expression of this oncogenic form of the 
kinase can recapitulate the disease phenotype.4 
Prior exposure to ionizing radiation during 
childhood predisposes to development of 
PTC with RET rearrangements and, to a lesser 
extent, with NTRK or BRAF intrachromosomal 
inversions. These mutations are also found in 
children with PTC without known exposure to 
radiation. By contrast, point mutations of BRAF 
are exceedingly rare in this population, with an 
overall prevalence of 4–6%.2 Thus, somatic 
mutation of BRAF is the most common early 
genetic event causally asso ciated with develop-
ment of PTC in adult patients without a history 
of radiation exposure.
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There is a general consensus that PTCs with 
different mutations have distinct histo pathologic 
appearance and biologic properties. Gene expres-
sion profiling of PTCs with RET/PTC, RAS and 
BRAF mutations accurately classified the muta-
tional status of the cancers, further supporting 
the concept that each of these oncogenes induces 
specific phenotypic features.5 Tumors associated 
with RET/PTC1 rearrangements usually have 
the classical or conventional papillary histotype, 
whereas those with RET/PTC3 are associated 
with solid-variant PTC. Follicular-variant PTCs 
frequently harbor RAS mutations or PAX8/PPARG 
rearrangements or, less commonly, distinct 
B-Raf mutations (Lys601Glu, Gly474Arg) and 
have a comparatively low frequency of lymph-
node metastases.6 Although most PTCs with 
BRAF mutations have a classical histology, almost 
80% of tall-cell variant PTCs have the BRAF 
(T1799A) mutation; this histotype is believed to 
present more often at an advanced disease stage.

Although the majority of PTCs, regardless of 
genotype, are surgically removed at an early stage 
of the disease, most studies indicate that PTCs 
with BRAF mutations are overrepresented among 
those cases presenting at an advanced stage. These 
tumors have a higher frequency of extrathyroidal 
invasion and a predisposition to neck-lymph-node 
and distant metastasis.7 PTCs with BRAF muta-
tions also have a higher recurrence rate, and the 
metastatic recurrences have diminished radio-
iodine avidity.7 A recent study describes a de novo 
BRAF mutation in lymphatic metastases in which 
the primary PTC did not seem to have this muta-
tion.8 This finding suggests that late acquisition of 
BRAF mutations could confer predisposition to 
lymphatic spread; however, it is also con ceivable 
that the lymph-node metastases arose from a 
discrete focus of the primary PTC harboring 
a BRAF mutation. Regardless, these findings 
support the concept that BRAF pre disposes to 
lymphatic involvement. Although most reports 
confirm the association of BRAF mutation with 
unfavorable clinicopathologic features, it should 
be noted that two studies from Italy and two 
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GLOSSARY
MITOGEN-ACTIVATED 
PROTEIN KINASE (MAPK) 
PATHWAY
Transduces mitogenic 
signals via activation of 
receptor tyrosine kinases, 
leading to the successive 
recruitment and activation 
of Ras and members of 
the RAF family of serine/
threonine kinases
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from Asia did not find a statistically significant 
asso ciation between BRAF mutation and these 
negative prognostic markers.

About 25% of undifferentiated thyroid cancers 
have BRAF mutations, and this proportion is 
probably higher in tumors with documented 
evidence of progression from a pre-existing well-
differentiated PTC. In the latter case, the 
BRAF mutation is present in both compo-
nents of the tumor—well-differentiated and 
un differentiated—suggesting a role for oncogenic 
BRAF in disease progression.9 By contrast, RET/
PTC rearrange ments are rarely, if ever, found in 
poorly differentiated or anaplastic thyroid carci-
nomas. Data from mouse models of thyroid cancer 
are consistent with these observations. Thus, PTCs 
arising in B-Raf (Val600Glu) transgenic mice are 
invasive and undergo transition to poorly differ-
entiated carcinomas, whereas those that develop in 
RET/PTC transgenic mice do not progress to this 
form. Taken together, multiple lines of evidence 
indicate that PTCs with BRAF mutations have a 
worse prognosis. It remains to be seen whether 
this information will be of practical value and 
alter diagnostic or therapeutic strategies.

Detection of somatic mutations in fine-needle 
aspiration specimens of PTC with the BRAF 
(T1799A) mutation can be performed easily with 
good sensitivity and specificity.2 Identification 
of a BRAF mutation in thyroid aspirates could 
help distinguish between benign and malig-
nant tumors when the cytologic examination 
is inconclusive. A positive genotyping result is 
diagnostic for PTC, and has been shown in one 
small study to rectify the diagnosis after false-
negative cytology. It seems unlikely, however, 
that this test alone will have much impact in 
resolving the clinical dilemma posed by the 
majority of aspirates considered ‘suspicious’ 
or ‘indeterminate’. Most of these cases involve 
follicular neoplasms, which do not have BRAF 
mutations, or to the follicular variant of PTC, 
which has a low prevalence of this mutation or 
other B-Raf mutations (Lys601Glu, Gly474Arg). 
In the future, it is conceivable that preoperative 
genotyping of thyroid aspirates could alter the 
surgical approach, perhaps by mandating more 
aggressive lymph-node dissection; however, in 
view of the favorable outcome of most patients 
with PTC, even those with a BRAF mutation, 
this approach seems unlikely. Indeed, despite 
the poor prognosis of patients with BRAF 
(T1799A)-associated PTC, the majority of these 
cases still present at an early stage.

The fact that PTC is associated with mutually 
exclusive alterations to MAPK pathway effec-
tors offers intriguing therapeutic opportunities. 
Ras, RET and B-Raf are part of a linear signaling 
pathway, RAF being required for the effects of 
RET and Ras on thyroid cell trans formation 
and dedifferentiation. Thus, inhibitors of RAF 
kinase activity or the direct downstream effector, 
MAPK kinase, are logical candidates for treating 
patients with advanced PTC.10 Targeted thera-
pies for cancer tend to be most effective when 
the therapeutic compound inhibits a pathway 
that is constitutively activated during the 
early stages of tumor development, and this is 
certainly the case for RET and B-Raf. At least 
two clinical trials of multikinase inhibitors with 
strong activity against RAF (BAY 43-9006, Bayer 
Health Care, West Haven, CT and AMG706, 
Amgen, Thousand Oaks, CA) are ongoing in 
differentiated thyroid cancer. The results of 
these studies should pave the way for a new era 
in thyroid cancer therapy, in which the genetic 
basis of tumor development is used to tailor the 
best treatment for each patient.

References
1 Kimura ET et al. (2003) High prevalence of BRAF 

mutations in thyroid cancer: genetic evidence for 
constitutive activation of the RET/PTC-RAS-BRAF 
signaling pathway in papillary thyroid carcinoma. 
Cancer Res 63: 1454−1457

2 Xing M (2005) BRAF mutation in thyroid cancer. Endocr 
Relat Cancer 12: 245−262

3 Ciampi R et al. (2005) Oncogenic AKAP9-BRAF fusion 
is a novel mechanism of MAPK pathway activation in 
thyroid cancer. J Clin Invest 115: 94−101

4 Knauf JA et al. (2005) Targeted expression of 
BRAFV600E in thyroid cells of transgenic mice 
results in papillary thyroid cancers that undergo 
dedifferentiation. Cancer Res 65: 4238−4245

5 Giordano TJ et al. (2005) Molecular classification of 
papillary thyroid carcinoma: distinct BRAF, RAS, and 
RET/PTC mutation-specific gene expression profiles 
discovered by DNA microarray analysis. Oncogene 24: 
6646−6656

6 Castro P et al. (2006) PAX8-PPARγ rearrangement is 
frequently detected in the follicular variant of papillary 
thyroid carcinoma. J Clin Endocrinol Metab 91: 
213−220

7 Xing M et al. (2005) BRAF mutation predicts a poorer 
clinical prognosis for papillary thyroid cancer. J Clin 
Endocrinol Metab 90: 6373−6379

8 Vasko V et al. (2005) High prevalence and possible 
de novo formation of BRAF mutation in metastasized 
papillary thyroid cancer in lymph nodes. J Clin 
Endocrinol Metab 90: 5265−5269

9 Nikiforova MN et al. (2003) BRAF mutations in thyroid 
tumors are restricted to papillary carcinomas and 
anaplastic or poorly differentiated carcinomas arising 
from papillary carcinomas. J Clin Endocrinol Metab 88: 
5399−5404

10 Ouyang B et al. Inhibitors of raf kinase activity block 
growth of thyroid cancer cells with RET/PTC or BRAF 
mutations in vitro and in vivo. Clin Cancer Res, in press

ncpendmet_2005_132.indd   181ncpendmet_2005_132.indd   181 17/3/06   7:27:09 pm17/3/06   7:27:09 pm

Nature  Publishing Group ©2006



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


