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to Löwhagen et al) of the respective patients end up 
being operated on for a benign nodule.7

Whereas both the histologic diagnosis of non-
minimally invasive FTC and the majority of FA show 
an acceptable inter- and intraobserver variability, the 
differential diagnosis of minimally invasive FTC and 
hypercellular (atypical) FA may be extremely difficult. 
Even the most objective histologic criteria for the 
diagnosis of minimally invasive FTC, e.g. vascular 
and/or capsular invasion, show high inter- and in-
traobserver variations.8-10 Lang et al11 demonstrated 
as much as 20 years ago that the examination of an 
adequate number of tissue blocks is required to reli-
ably differentiate FTC from FA. These results clearly 
indicate that the diagnosis of FTC depends on both 
the experience and training status of the patholo-
gist as well the pathologist’s efforts to sufficiently 
investigate thyroid nodules. Hence, the limitations 
in the diagnosis of minimally invasive FTCs ques-
tions the validity of published results concerning 
the incidence, prognosis, treatment, and outcome of 
FTCs,10 since the rate of distant metastasis and death 
due to follicular carcinomas is highly influenced by 
the degree of (angio-)invasion.12,13 Thus, for a precise 
diagnosis of encapsulated follicular lesions, the use 
of molecular markers for improving the discrimina-
tion between minimally invasive follicular carcinoma 
and (hypercellular/atypical) follicular adenoma are 
most desirable.8

Although a growing number of immunohisto-
chemical markers for the discrimination between 
benign and malignant thyroid tumours have been 
proposed over the last few years,14 no one marker 
or marker combination is able to identify tumour 
aggressiveness.

One obvious reason for the difficulty in precisely 
discriminating FTC from FA is the limited knowledge 
about the molecular aetiology of Cold Thyroid Nodules 
(CTNs) or scintigraphically isocaptant nodules which 
are histologically defined as follicular adenomas or 
adenomatoid nodules, which comprise approximately 
85% of all thyroid tumours. In contrast to CTNs and 
the scintigraphically isocaptant nodules, the molecular 
aetiology of autonomously functioning thyroid nodules 
is characterized by constitutively activating mutations 
of the TSH receptor in about 60% of the nodules.15-17 

In FTCs, both activating RAS mutations (in about 
40-53% of FTCs18) and a fusion oncogene between 
PAX8 and PPARγ (in about 25-63% of FTCs19) have 
been detected; both molecular alterations have been 
demonstrated, although less frequently, in FA, which 
hampers their use as markers of malignancy. The vast 
majority of PTC are characterized by mutations or 
re-arrangements along the MAPK signalling cascade 
[depending on the PTC subtype (Table 1), RET/PTC 
re-arrangements are found in 13-43%, and BRAF 
mutations in 29-69% of PTC19]. In the light of these 
findings the diagnostic potential of RET/PTC re-ar-
rangements and BRAF mutations has been investigated 
in FNA samples in several studies.20-27 The BRAF 
mutation was detected in 38-83% of the investigated 
FNA samples that were PTC on histopathology,20,22,26 
indicating that the screening for BRAF mutations in 

Table 1. Tumours of the thyroid according to DeLellis et al. WHO 
Classification of Tumours 20041

•	Papillary carcinoma

	 Histopathological variants:

		  - Follicular variant

		  - Macrofollicular variant

		  - Oncocytic variant

		  - Clear cell variant

		  - Diffuse sclerosing variant

		  - Solid variant

		  - Cribriform carcinoma

		  - Papillary carcinoma with focal insular component

		 - Papillary carcinoma with squamous cell or mucoepidermoid 
carcinoma

		 - Papillary carcinoma with spindle and giant cell carci-
noma

		  - Combined papillary and medullary carcinoma

		  - Papillary microcarcinomas

•	Follicular carcinoma

	 - Minimally invasive

	 - Widely invasive

			   Cytological variants:

				    - Oncocytic variant

				    - Clear cell variant

•	Poorly differentiated carcinoma

•	Undifferentiated (anaplastic) carcinoma

•	Medullary thyroid carcinoma

•	Follicular adenoma
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