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GENETIC OF THYROID CANCER

MOLECULAR ANALYSIS OF FINE NEEDLE ASPIRATION SAMPLES TO REFINE THE DIAGNOSIS OF THYROID CANCER
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Abstract. Fine Needle Aspiration Cytology (FNAC) is the “gold standard” for the differential diagnosis of thyroid nodules,
but has the limitation of inadequate sampling or indeterminate lesions. Our Unit of Endocrinology was involved in a pilot
study aimed to verify whether search of thyroid cancer-associated proto-oncogene mutations in cytological samples may im-
prove the diagnostic accuracy of FNAC. Our results demonstrated that the presence of mutations at cytology was associated
with cancer 91.1% of the times and with follicular adenoma 8.9% of the times. BRAF or RET/PTC mutations were
always associated with cancer, while RAS mutations were mainly associated with cancer (74%) but also with fol-
licular adenoma (26%). The diagnostic performance of molecular analysis was superior to that of traditional cytology,
with better sensitivity and specificity, and the combination of the two techniques further contributed to improve the total.
At the moment, we have introduced the search for the most common mutations (BRAF, 3 RAS isoforms and RET/PTC re-
arrangements) in the clinical practice especially in those FNAC which resulted indeterminate at the first cytological analysis.
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Fine needle aspiration cytology (FNAC) is the “gold
standard” for the differential diagnosis of thyroid nod-
ules (1,2). In general, in expert hands, it is associated
with good specificity and acceptable sensitivity (3).
However, this procedure have some limitations related
to inadequate sampling or to the difficulty to discrim-
inate follicular lesions. Therefore, a significant propor-
tion of patients who do not have malignant lesions are
submitted to unnecessary thyroidectomy.

The discovery of genetic alterations specific for differ-
entiated thyroid cancer may provide molecular markers
to be searched for in the material obtained by FNA,
thus increasing the diagnostic accuracy of traditional
cytology. Search of BRAF mutations in cytological ma-
terial has been reported with encouraging results (4-
10). However, BRAF mutation account for no more
than 30-40% of papillary thyroid carcinomas and can-
not cover the entire spectrum of thyroid malignancies.
The ideal tool should be to search for all, or at least the
most frequent, oncogenes involved in thyroid tumori-
genesis. This approach has been recently implemented
in some studies (11-15) which demonstrated that
screening thyroid nodules for RET, BRAF and RAS
mutations allowed to improve the diagnostic accuracy
of traditional cytology.

Our Unit of Endocrinology was involved in pilot stud-
ies aimed to evaluate the diagnostic utility of screening
cytological samples for a complete panel of mutations,
including those associated with BRAF, RET, RAS,
TRK, and PPRY proto-oncogenes. From the method-
ological point of view, our results conducted on 225
FNA and the corresponding surgical samples indicate

that the search of proto-oncogene mutations in cytolog-
ical samples is feasible and informative, although some
technical aspect remains to be improved. Indeed, in
nearly half of our cytological samples, we could not as-
sess RET/PTC rearrangements, due to low quantity of
material or bad quality of RNA. This problem can be
overcome by increasing the number of needle passes.
Nevertheless, the comparison between molecular
analysis in cytological samples and tissue samples
(where the above limitation was not present) showed
that the RNA issue only marginally affected the per-
formance of the method. As a matter of fact, the overall
concordance was satisfactory (88.2%) and the dis-
crepant results in favour of tissue samples (11.8%)
were mainly dependent from RET/PTC analysis (5
cases) but not from RAS and BRAF analysis (2 cases
each).

In our hands, molecular biology on cytological samples
correctly identified 78.2% of the thyroid cancer diag-
nosed at final histology as opposed to 58.9% identified
by traditional cytology. In other words, 15 out of 78
thyroid carcinomas were missed by cytology and were
detected by molecular biology.

As in other series, BRAF mutations (restricted to the
V600E residue) (4-10) or RET/PTC rearrangements
(11-15) were associated with thyroid cancer in 100%
of the cases and were never found in benign nodules
or follicular adenomas. In other reports, the search of
RET/PTC rearrangements has been restricted to
RET/PTC-1 and 3 (11,14,15) and in other studies to
RET/PTC-1-2-3 (12,13,16). In our series, RET/PTC mu-
tations were mainly represented by RET/PTC-1 and 3,
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but also one RET/PTCX (9.0%) was found, indicating
the need of searching for any RET/PTC rearrangement.
Our study included also the analysis of RAS mutations
that were associated with thyroid cancer in 74% of the
cases. The remaining RAS mutations (26%) were
found in follicular adenomas. This figure is very close
to that of Nikiforov et al. (15) who found that among 8
RAS positive samples, 7 (87.5%) were associated with
thyroid cancer and one with follicular adenoma. The
issue of RAS mutations deserves special discussion.
Theoretically, when the RAS mutation is found in fol-
licular adenoma, it should be considered as a false pos-
itive result. However, a follicular adenoma harbouring
a RAS mutation might be viewed as a pre-malignant
lesion (17), which deserves surgical treatment rather
than follow-up. In this view, the RAS mutation found
in follicular adenoma might be regarded as true posi-
tive (17). In the analysis of diagnostic performance, we
considered both possibilities and the result is that the
overall PPV increases from 91% to 100% when the
RAS mutation is computed as false positive or true pos-
itive, respectively.

As well known, a FNAC indicative of thyroid cancer is
very rarely falsely positive (3). In this category molec-
ular biology does not add diagnostic information, al-
though the knowledge of a mutation associated with
worst outcome (BRAF) may influence the surgical
strategy (9). The great advantage of molecular analysis
is found in the other cytological categories: indetermi-
nate, benign and inadequate lesions. In these groups
(181 FNACs), we observed 32 thyroid cancers (false
negative results). Molecular biology was able to detect
24 of them (75%): 6/9 in the benign group, 6/7 in the
indeterminate group and 12/16 in the inadequate
group. Thus, we concluded that whenever a mutation
is found in these cytological categories we recommend
total thyroidectomy. On the contrary, when no muta-
tion is found the therapeutic strategy should be dic-
tated by the clinicl picture and the results of FNAC:
follow-up for benign cytologies, repeat FNAC for in-
adequate samples and lobectomy for indeterminate le-
sions.

After these pilot studies, we introduced the search for
the most common mutations (BRAF, 3 RAS isoforms
and RET/PTC rearrangements) in the clinical practice
especially in those FNAC which resulted indetermi-
nate at the first cytological analysis. To date we have
analyzed 34 inadequate samples and 75 indeterminate
samples finding 1 and 4 mutations respectively leading
to an overall percentage of 3.5% of cancer cases which
were not correctly diagnosed by the cytological exam.
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