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The Bethesda system of reporting thyroid cytology is being currently adopted worldwide. Rapid advances 
have been made in the understanding of the genetics of thyroid cancers.  Common genetic mutations 
include RAS, BRAF, p53, B Catenin, and PAX8/PPARγ, genes. BRAF mutations tumours are often 
aggressive. BRAF mutations commonly affect papillary carcinomas in the BRAF MEK ERF intracellular 
pathway, whereas RAS mutations commonly affect follicular carcinoma in the PL3 kinase pathway. TK 
inhibitors, RAS, RET, non RET, PL3, HDAC, DNMT etc. inhibitors are also being considered for therapy 
against these tumours.

ABSTRACT

INTRODUCTION

Historically thyroid cancers have always intrigued 
pathologists and clinicians alike by their seemingly 
unpredictable and sometimes perplexing nature.1 They have 
long known to comprise of a very heterogeneous group of 
tumours that shows marked diversity in biological behavior. 
Those active in this field have inevitably had unexpected 
surprises while dealing with them. Though they form 
a meager 1% of all cancers, they are the most common 
endocrine cancers, and the overall incidence especially that 
of papillary microcarcinomas is increasing over the last few 
decades.2 Most of the follicle derived neoplasms are low 
grade with very good 10 years survival rates. The rarer high 
grade neoplasms are some of the most aggressive tumours 
known to afflict mankind. 

REVIEW

About 5-10% of the general population has thyroid 
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nodules, many are asymptomatic or the lesions are detected 
incidentally.3 Of these nodules, however only 8-19% proves 
eventually to be malignant. These findings prompted a surge 
in preliminary assessment of thyroid nodules by fine needle 
aspiration cytology in an attempt to reduce unwarranted 
radical surgery for benign lesions. However inherent 
limitations of cytology resulted in unacceptable false 
negative or rarely false positive cases even in expert hands. 
About 20-30% of patients currently generate an “indefinite 
for malignancy” report on cytology resulting in a clinical 
management quagmire. And this fact has virtually remained 
unchanged for the last two decades. The Bethesda System 
of grading thyroid cytology has been developed to address 
some of these issues with some success (Table. 1).4 

For better clinico-pathological correlation, both the 
pathologist and clinician need to be familiar with the 
terminology, categorization and limitations of the Bethesda 
System, and the cancer risk involved for each cytology 
category. The management for each category is specified 
in the classification, and both should also be aware of 
them. For example a “benign” category still carries up to 
3% cancer risk, and hence still calls for clinical follow 
up (Table.2). A “malignant” category implies up to 3% 
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chances of a non malignant pathology. Therefore the role 
of the pathologist is limited to interpretation of the cytology 
and the decision of performing a two step thyroid surgery 
or one step total thyroidectomy in a “malignant” cytology 
category should rest with the clinician, as other variables 
need to be considered like clinical features, other laboratory 
data and imaging findings. Intraoperative frozen sections, if 
available, can solve some of these problems.

Till of late study of the pathology of thyroid tumours has 
been largely limited to morphological analysis of cytology 
and histological specimens. Efforts were made in the past to 
categorize the lesions on the basis of whether the neoplastic 
cells were derived from follicular, para-follicular or other cell 
origin. Even the differences between papillary and follicular 
carcinomas were found to be imprecise with the follicular 
variant of papillary carcinomas showing nuclear features 
of papillary carcinomas, but showing follicle formations 
and genetic changes reminiscent of follicular carcinomas 
(Table.3). And although appearing morphologically similar, 
many of these tumours seem to show different grades of 
biological behavior depending on the nature of genetic 
changes,

Interests in genetics of thyroid tumours started with low 
grade tumours like papillary carcinomas often showing 
RET/PTC gene rearrangement (fig. 1).5 More recent studies 
show mutations of the RAS gene and BRAF genes.6,7 
The higher grade tumours like undifferentiated or poorly 

differentiated carcinomas show p52 gene and B catenin 
(CTBNN1) gene mutations.8 And the distinction between 
different thyroid lesions become blurred as even some 
nodules of multinodular goiters show TSH R gsp suggesting 
clonality. Some of thyroid cancers show alterations of 
cellular key signally MAPK receptor effectors (fig.2).  
Abnormal DNA methylation histone modification and 
disorders of microRNA have also been noted. Genetic study 
has resulted in further identification of a subset of more 
aggressive papillary carcinomas: the tall cell, columnar cell, 
diffuse sclerosing, solid and follicular variants of  PTC.  The 
diffuse variant of follicular PTC has a worse prognosis than 
an encapsulated variant.

Papillary microcarcinomas are frequently seen in up to 37% 
of autopsy specimens.9 They are being increasingly picked 
up due to better thyroid imaging techniques, and the use 
of USG guided FNAC. They are usually incidentolomas 
and mostly of little clinical significance. They usually show 
more than 99% 10-15 years survival rates. Risk factors of 
mortality from microcarcinomas include: age older than 
45 years, male sex, minority racial group, lymph node 
metastases, extra thyroidal extension or superficial location, 
intra glandular spread or multifocality, peritumoral fibrosis, 
and BRAF positivity. 

BRAF V600E mutation correlates with tumours showing 
aggressive characteristics, extra thyroidal extension, 
advanced stage at presentation, lymph node or distant 

Table 1: The Bethesda System of reporting thyroid cytology with the implied cancer risk for each category

S.N. Category Implied 
cancer risk Management

1 Non-diagnostic or Unsatisfactory - Repeat FNAC under USG guidance

2. Benign 0-3% Clinical follow up

3 Atypia of Undetermined Significance or Follicular Lesion of Undetermined 
Significance 5-15% Repeat FNAC

4 Follicular Neoplasm or Suspicious for a Follicular Neoplasm 15-30% Lobectomy

5 Suspicious for Malignancy 60-75% Lobectomy +/- frozen section, total thyroid-
ectomy

6 Malignant 97-99% Total thyroidectomy

*Lobectomy can also be considered on the basis of clinical or USG findings.

Table 2: Common thyroid tumours and their behavior Table 3: Genetic mutations in common thyroid tumours
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metastases, increased tumor recurrence and tumor-related 
mortality. BRAF mutation is also a useful prognostic 
indicator.10-13 The presence of a BRAF mutation in an FNA 
sample indicates more than 99% probability of thyroid 
cancer, and it serves as a marker of aggressive behavior.  
Thus preoperatively detected BRAF positive nodules should 
be extensively excised with more aggressive treatment and 
follow-up.

RAS (NRAS, HRAS, KRAS) point mutations are found in 
the follicular variant of papillary carcinomas14, follicular 
carcinomas, and follicular adenomas. Papillary carcinomas 
with RAS mutations are usually encapsulated with a low 
rate of lymph node metastases. The presence of RAS 
mutations in cold adenomatous nodules and goiter nodules 
suggests that these lesions are likely true neoplasms, 
and they should be categorized as follicular adenomas. 
Follicular and oncocytic carcinomas also show PAX8/
PPARγ rearrangement (fig.3).15 The tumours in these 
cases are small, occur in younger people and tend to show 
vascular invasion.

Genetics in the management of thyroid neoplasm:

Conventional therapy for thyroid cancer at present include 
total thyroidectomy, ablative radioactive iodine use, TSH 
suppression, follow up with thyroglobulin levels and 
treatment of recurrent disease with radiation. Phase I and II 
clinical trials are underway to evaluate the role of tyrosine 
kinase inhibitors for thyroid cancers.16 Sorafenib and 
vandetenib are some of the newer drugs undergoing trials. 
There are a host of other potential RET and non RET tyrosine 
kinase inhibitors, RAS, RAF, and MEK inhibitors,17 PL3, 
ATK, mTOR inhibitors, and DNMT and HDAC inhibitors 
all awaiting future usage. Understanding the molecular 
biology of these tumours could mean improvement in 
our understanding of the disease process and help better 
diagnose, prognosticate and manage them.

CONCLUSION 

As with many other cancers recent genetic research 
has vastly improved our understanding of these once 
mystifying tumours. At present this knowledge is helping 
in our understanding of their behavior. This could translate 
in better diagnoses, categorization into meaningful groups, 
and help manage even advanced stage or resistant disease 
by therapy based on genetic lines in the future.

REFERENCES

1. Rosai J, Carcangiu ML, DeLellis RA: Tumors of the Thyroid 
Gland, Atlas of Tumor Pathology, Third series, fascicle 5, Armed 
Forces Institute of Pathology, Universities Associated for Research 
and Education in Pathology Inc. 1990. 19pp.

2. Davies L, Welch HG: Increasing incidence of thyroid cancer in the 
United States, 1973-2002. JAMA 2006;21:64-67. CrossRef

3. Mazzaferri El. Management of a solitary thyroid nodule. New Engl. 
J. Med 1993;328:553-9. CrossRef

4. Syed ZA, Cibas ES: The Bethesda System for Reporting Thyroid 
Cytopathology, definitions, criteria and explanatory notes, Springer 
2010;2pp

5. Lam AK, Montone KT, Nolan KA, Livolsi VA.  Ret oncogene 
activation in papillary thyroid carcinoma prevalence and implication 
on the histological parameters Hum. Pathol 1998;29:565-8. CrossRef

6. 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 papillary thyroid carcinoma. Oncogene 
2003;22:4578-80. CrossRef

7. Xing M BRAF mutation in thyroid cancer. Endocr. Relat. Cancer 
2005;12:24562.  CrossRef

8. Ho YS, Tseng SC, Chin TY, Hsieh LL, Lin JD p53 gene mutation in 

Figure 1: Cellular pathways of papillary and 
follicular thyroid tumours.

Figures 2: Early and late genetic changes in 
thyroid tumours.

Figure 3: The spectrum of genetic changes in 
thyroid tumours.

http://dx.doi.org/10.1001/jama.295.18.2164
http://dx.doi.org/10.1056/NEJM199302253280807
http://dx.doi.org/10.1016/S0046-8177(98)80004-X
http://dx.doi.org/10.1038/sj.onc.1206706
http://dx.doi.org/10.1677/erc.1.0978


583

thyroid carcinoma. Cancer Lett 1996;103:57-63. CrossRef

9. Roti E, degli Uberti EC, Bondanelli M, Braverman LE. Thyroid 
papillary microcarcinoma: a descriptive and metaanalysis study. 
Eur. J. Endocrinol 2008;159:659-73. CrossRef

10. Rowe LR, Bentz Bg, Bentz JS. Utility of BRAF V600E mutation 
detection in cytologically indeterminate thyroid nodules. Cyto 
journal 2006;3:10. CrossRef

11. Riesco-Eizaguirre G, Gutierrez-Martinez P, Gracia-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 impairment Na+/I- targeting to the 
membrane. Endocr. Relat. Cancer 2006;13:257-69. CrossRef

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

13. Henderson YC, Shellenberger TD, Williams MD, El-Naggar AK, 
Fredric MJ, Cieply KM, Clayman GL. High rate of BRAF and RET/
PTC dual mutations associated with recurrent papillary thyroid 
carcinoma. Clin. Cancer Res. 2009;15:485-91. CrossRef

14. Gupta S, Ajise O, Dultz L, Wang B, Nonaka D, Ogilvie J, Heller 
KS, Patel KN. Follicular variant of papillary thyroid cancer: 
encapsulated, nonencapsulated and diffuse: distinct biologic 
and clinical entities, Arch, Otolaryngol. Head and Neck Surg 
2012;138:227-33. CrossRef

15. Nikiforova MN, Biddinger PW, Caudill CM, Kroll TG, Nikiforova 
YE. PAX8-PPARG rearrangement in thyroid tumors RT-PCR and 
immunohistochemical analyses, Am. J. Surg. Pathol 2002;26:1016-
23. CrossRef

16. Krause DS, Van Etten RA. Tyrosine kinases as targets for cancer 
therapy, New Engl. J. Med. 2005;353:172-87. CrossRef

17. Liu D, Liu Z, jiang D, Dackiw AP, Xing M. Inhibitary effects of 
the MEK inhibitor CI-1040 on the proliferation and tumor growth 
of thyroid cancer cells with BRAF or RAS mutations. J. Clin. 
Endocerinol. Metab 2007;92:4686-95. CrossRef

Thapa J.B et al.

http://dx.doi.org/10.1016/0304-3835(96)04196-1
http://dx.doi.org/10.1530/EJE-07-0896
http://dx.doi.org/10.1186/1742-6413-3-10
http://dx.doi.org/10.1677/erc.1.01119
http://dx.doi.org/10.1002/cncr.22754
http://dx.doi.org/10.1158/1078-0432.CCR-08-0933
http://dx.doi.org/10.1001/archoto.2011.1466
http://dx.doi.org/10.1097/00000478-200208000-00006
http://dx.doi.org/10.1056/NEJMra044389
http://dx.doi.org/10.1210/jc.2007-0097

