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The significance of RAS mutations as a prognostic marker has changed in recent years. At the beginning, RAS mutations

were considered a promoter of progressive dedifferentiation in benign nodules, and as such a risk factor for evolution from

adenoma to carcinoma, therefore a marker of poorer prognosis in DTC. It is clear now that the impact of RAS mutations

on thyroid cell, normal and transformed, and the impact on the clinical behavior of thyroid neoplasms must not to be

considered by itself but rather together with other genetic abnormalities in a more complex contest.
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1. Introduction

The majority of thyroid nodules are benign and require only clinical and ultrasonographic follow up . In few cases it is a

cancer whose clinical behavior can be extremely indolent or sometime aggressive. Fine needle-aspiration cytology

(FNAC) is the gold standard for diagnosis . Unfortunately, 5–10% of FNAC are not diagnostic because of inadequate

sampling and 20% to 25% do not clearly indicate the nature of the lesion, so that these nodules are classified as

indeterminate, posing difficulties for management .

Testing for genetic mutations has been proposed for indeterminate cytology to improve FNAC accuracy and for prognostic

purpose, supporting the clinicians’ decision making process. Mutations of rat sarcoma viral oncogene homolog (RAS),

rearranged during transfection/PTC (RET/PTC) , v-Raf murine sarcoma viral oncogene homolog B1 (BRAF), telomerase

reverse transcriptase (TERT), and rearrangement of paired box gene 8-peroxisome /proliferator-activator receptor γ

(Pax8/PPARγ), are some of the genetic mutations useful to improve the diagnostic accuracy of needle biopsy when added

to cytological evaluation. For this reason, mutational analysis is recommended in the last revisions of the guidelines for

the diagnosis and management of thyroid nodules with indeterminate cytology . The most popular molecular test used

is the seven-gene panel of mutations (including RAS, BRAF, RET/PTC, and Pax8/PPARγ) with an estimated sensitivity of

57–75%, specificity of 97–100%, PPV of 87–100%, and NPV of 79–86% .

Although RAS mutations are included in these tests, they have low diagnostic sensitivity and specificity by themselves,

benign nodules harboring RAS mutations have uncertain malignant potential, and the role of mutated RAS in the clinical

outcomes of thyroid cancer is uncertain. This scenario has been further complicated by the recent introduction of a new

histology category of encapsulated follicular variant of papillary thyroid carcinoma, with highly indolent behavior. For all

these reasons, the significance of RAS mutations and how to appropriately use them to assist the management of thyroid

nodules and thyroid cancer is unclear.

2. Oncogenicity of Ras Mutants

RAS mutants have been found in 95% of pancreatic ductal adenocarcinomas, 50% of colon cancers, and 30% of non–

small cell lung cancers (NSCLC). Overall, activating mutations in RAS are found in 32% of human cancers (

https://cancer.sanger.ac.uk/cosmic , accessed on 9 June 2021).

The role of Ras in thyroid cell differentiation and tumorigenesis has been demonstrated in animal experimental models (

Figure 1 ). Only 10% percent of rats whose thyroid was injected with a retrovirus carrying mutant KRAS developed thyroid

carcinomas of very small size and with a one-year latency. Only the treatment of the animals with a goitrogenic agent

induced thyroid carcinomas within three months in 90% of the animals. Transgenic mice bearing mutated KRAS under the

control of rat thyroglobulin promoter developed only thyroid adenomas at low frequency and long latency, while the

frequency increased with a concomitant treatment with a goitrogenic agent as occurred in retrovirus-injected animals .

These results demonstrate a low oncogenic potential of KRas mutants in the thyroid, boosted by a cofactor as high TSH

stimulation. Similar results with the development of rare papillary thyroid carcinomas were obtained with mutant HRas

under the control of bovine thyroglobulin promoter . These results suggest that HRas and KRas mutations alone are
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not sufficient to induce thyroid carcinomas, while they could act as a predisposing factor. According to this hypothesis is

the observation that isolated expression of HRasG12V or loss of NF2 are insufficient to drive thyroid tumorigenesis, while

their coexpression in the thyroid induces large thyroid cancers, mostly poorly differentiated, with high penetrance . One

more example of cooperation among RAS mutants and other effectors was proposed by Krishnamoorthy et al. . Mice

expressing the eukaryotic initiation factor 1A hotspot splice-site mutation (EIF1AX-A113splice) developed only thyrocytes

hyperplasia with atypical features, whereas mice coexpressing EIF1AX-A113splice and HRasG12V developed Hurthle

cell adenomas, papillary thyroid carcinomas (PTC), and poorly differentiated thyroid cancer (PDTC) with high penetrance

and close phenocopy of human thyroid tumors harboring the combined genetic lesions .

Figure 1. Experimental models of mice injected with retrovirus carrying mutant RAS, or transgenic mice expressing

mutant RAS, alone or treated with goitrogenic factors increasing the THS or expressing additional factors.

Some evidences suggest that among the three isoforms, NRAS mutations are those more oncogenic in the thyroid.

Transgenic mice expressing mutated human NRAS G61 specifically in thyroid follicular cells developed progressive

lesions from follicular cell hyperplasia to adenoma and carcinoma . Thirty percent of mice developed differentiated

tumors with follicular or mixed papillary-follicular malignant features and 10% of mice developed invasive carcinomas with

large poorly differentiated areas. Furthermore, distant metastases were observed in the liver of three mice, in the lung of

two mice, and in the femur of one mouse. This striking difference between RAS isoforms might be explained with the

intrinsic tissue-specific different isoform effects and role of members of the RAS family as suggested by transgenic mice

experimental models where RAS expression was not tissue-restricted .

Overall, these experimental models demonstrate that RAS overexpression and RAS mutants represent a favorable

genetic ground in thyroid follicular cells and that the collaboration of other effectors and/or genetic events is necessary in

conferring the cancer phenotype. Among RAS isoforms, NRAS displays a stronger albeit limited oncogenic potential, a

conclusion supported also by studies in spontaneous thyroid tumors.

3. Prevalence of RAS Mutations in Thyroid Nodular Disease

Thyroid cancer is among the first tumors where activating RAS mutations were recognized . Quite soon it appeared

clear that RAS mutations were detectable at all stages of thyroid tumorigenesis, being found in 33% of adenomas, 53% of

differentiated follicular carcinomas and 60% of undifferentiated carcinomas .

Although there is a general agreement that RAS mutations are present at any stage of thyroid oncogenesis, the range of

prevalence is quite broad as a consequence of pathology classification and the sensitivity of detection method applied. In

early studies, polymerase chain reaction-single-strand conformational polymorphism (SSCP), in many cases followed by

DNA sequencing, was the most frequently used method for the detection of RAS mutations. This method yielded a lower

prevalence with respect to sequencing in all histotypes but FTC, revealing the presence of an RAS mutation in about

2.3% of nodular hyperplasia (NH) (1/43), 13% of follicular adenomas (FAD) (13/103), 10% of PTC (16/165) and 26% of

follicular thyroid carcinomas (FTC) (11/43) . Direct sequencing of PCR products resulted in a higher

percentage of RAS mutations: 9.3% in NH (11/115), 22% in FAD (56/257), 23% in PTC (115/508) and 29% in FTC

(36/125) .

Many studies on surgical samples with a definitive diagnosis have been performed to assess the prevalence of all RAS

mutations in benign and malignant thyroid nodules ( Table 1 ). In 2296 tissue samples, NRAS is the isoform most

frequently mutated (59.4% of all RAS mutations), and among all activating point mutations NRAS61 is the most frequent
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(56.9%). The prevalence of RAS mutation in tissue samples of NH, FAD, FTC, and PTC were, respectively, 8.5%, 21.0%,

29.8%, and 11.5%.

Table 1. RAS mutation studies in surgical samples that have been considered in the present review.

Study Year Method Tumor Histotype N
HRAS KRAS NRAS All

RAS

All
RAS
%12/13 61 12/13 61 12/13 61

Lemoine, N.R. 1989 SB FAD 24 1 2 1 0 1 3 8 33.3

   FTC 10 1 2 0 0 0 1 4 40

Namba, H. 1990 SB PTC 14 3 0 0 0 0 0 3 21.4

   FTC 3 0 0 0 0 0 0 0 0

   NH 19 4 0 0 0 0 0 4 21.1

   FAD 24 4 0 0 0 0 2 6 25

Shi, Y. 1991 SB FTC 16 0 3 0 0 0 1 4 25

   PTC 22 0 0 0 0 0 0 0 0

   FAD 25 0 12 0 0 0 2 14 56

Yoshimoto, K. 1992 SSCP FAD 24 0 1 0 0 0 4 5 20.8

   PTC 26 0 0 0 0 0 0 0 0

Manenti, G. 1994 SEQ FTC 19 0 0 0 0 0 0 0 0

Ezzat, S. 1996 SSCP NH 18 0 0 0 0 0 0 0 0

   FAD 7 0 0 0 0 0 1 1 14.3

   PTC 16 1 0 0 0 0 1 2 12.5

   FTC 4 0 0 0 0 0 1 1 25

Naito, H. 1998 SSCP PTC 34 0 0 5 1 0 1 7 20.6

Bouras, M. 1998 SEQ FAD 35       0 22.9

   PTC 66       0 9.1

   FTC 6       0 16.7

Sugg, S.L. 1999 SSCP PTC 20 1     1 2 10

Esapa, C.T. 1999 SSCP NH 25 0 0 0 0 0 1 1 4

   FAD 41 0 0 0 2 0 5 7 18.4

   FTC 8 0 0 0 0 0 4 4 50

   PTC 12 0 0 0 0 0 1 1 8.3

   PTC 46 0     0 0 0

Motoi, N. 2000 SEQ FAD 5 0 0 0 0 0 2 2 40

   PTC 16 1 0 3 0 0 7 11 68.8

   FTC 4 0 0 0 0 0 1 1 25

Nikiforova, M.N. 2003 FMCA FAD 23  2    6 8 34.8

   FTC 33  2    12 14 42.4

   FTC 19  1 1    2 10.5

Vasko, V. 2003 SEQ FAD 46 0 0 0 0 0 7 7 15.2

   FTC 34 1 0 0 0 0 6 7 20.6

Soares, P. 2003 SSCP FAD 34       0 14.7
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Study Year Method Tumor Histotype N
HRAS KRAS NRAS All

RAS

All
RAS
%12/13 61 12/13 61 12/13 61

   PTC 27       0 7.4

   FTC 12       0 33.3

Garcia-Rostan, G. 2003 SSCP PTC 30       0 6.7

   FTC 19       0 10.5

Zhu, Z. 2003 PCR PTC FV 30 3     10 13 43.3

Liu, R.T. 2004 SEQ NH 20 0 0 0 0 0 0 0 0

   FAD 17 0 0 0 0 0 1 1 5.9

   PTC 42 0 0 0 0 0 0 0 0

   FTC 8 0 1 0 1 0 1 3 37.5

Fukahori, M. 2012 LHSA FAD 40 0 4 0 0 4 4 12 30

   FTC 58 2 3 3 2 1 22 33 56.9

Park, J.Y. 2013 SEQ PTC FV 132 0 4 0 8 1 22 35 26.5

Schulten, H.J. 2013 SEQ NH 18 0 1 0 0 0 0 1 5.6

   FAD 69 0 5 0 0 0 10 15 21.7

   PTC 89 0 4 0 1 0 7 12 13.5

   FTC 17 0 1 0 0 0 1 2 11.8

Giordano, T.J. 2014 SEQ NH 27       0 3.7

   FAD 28       0 17.9

   PTC 36       0 13.9

   FTC 17       0 17.6

McFadden, D.G. 2014 SNS PTC FV 127       0 36.2

Giordano, T.J. 2014 NGS PTC 403  14 2 1  34 51 12.9

Jeong, S.H. 2018 PSEQ NH 50 0 3    6 9 18

   FAD 57 0 5 5 1 1 10 22 31.6

   FTC 39 0 4 6 3 1 7 21 48.7

Duan, H. 2019 NGS FTC 10 1 2 0 0 0 1 4 40

   FAD 48  4    3 7 14.6

Lemoine, N.R. 1989 SB FAD 24 1 2 1 0 1 3 8 33.3

   FTC 10 1 2 0 0 0 1 4 40

Namba, H. 1990 SB PTC 14 3 0 0 0 0 0 3 21.4

NGS, Next-Generation Sequencing; PCR, Polymerase chain reaction; SSCP, Single-Strand Conformation Polymorphism;

FMCA, LightCycler PCR and fluorescence melting curve analysis; SEQ, sequencing; SB, Southern blot; LHSA, PCR-

based loop-hybrid mobility shift assay; PSEQ, pyrosequencing; SNS, SNaPshot multiplexed targeted sequencing. NH,

nodular hyperplasia; FAD, follicular adenoma; FTC, follicular thyroid Cancer; PTC, papillary thyroid cancer.

In the context of differentiated thyroid cancer (DTC), representing almost the totality of follicular-cell derived thyroid

malignancies , the detection of RAS mutations is related to the follicular architecture. Indeed, mutated RAS is not only

present in a relevant portion of FTC, but among PTCs, it is more frequently detected in the follicular variant (FVPTC) 

, characterized by a nearly total follicular pattern coupled with cytological PTC features. Actually, RAS mutations are

typically present in the encapsulated FVPTC (EFVPTC), whereas the unencapsulated/infiltrative FVPTC (IFVPTC)

frequently carry the BRAFV600E mutation and are characterized by more aggressive behavior .
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4. Role of RAS Mutations in the Prognosis of Benign and Malignant
Thyroid Nodules

Although the number of studies on the evolution of benign nodules harboring RAS mutations is still very limited for patient

numerosity and follow-up duration, the stability observed so far challenges the hypothesis that RAS mutation is a risk

factor for malignant transformation. The natural history of cytologically benign thyroid nodules with unknown mutational

status argues against the role of RAS mutations as a risk factor for thyroid cancer. In a retrospective study on 330

cytologically benign nodules followed for a mean of 20 months (range 1 month–5 years), many of them re-evaluated by a

second FNAC, only one was demonstrated to be a PDTC . One hundred benign solid nodules did not display signs of

risk for thyroid cancer over a 9 to 11 years follow-up and of 21 nodules re-examined by FNAC only one case turned out to

be malignant . In a prospective study involving 992 consecutive patients with cytologically benign thyroid nodules of

unknown RAS mutational status, only five nodules proved to be malignant after 5 years of follow-up, that is, only 0.3% of

all nodules . The spare reclassified cases are compatible with a misdiagnosis and are much lower than the number of

RAS mutation-positive nodules expected, suggesting that RAS mutation is not a risk factor for the malignant evolution of

benign nodules. To date, in the absence of evidence that cytologically benign nodules bearing RAS mutations evolve

toward malignancy or have a different progression, testing the RAS mutational status is not recommended. A limit of these

studies is that the majority of them have been performed in nodules with benign cytology and these conclusions cannot be

automatically extended to nodules with indeterminate cytology, where other genetic mutations can coexist with RAS

mutations.

Prognostic studies of RAS mutational status in thyroid cancer generated conflicting results. Earlier studies have reported

the association between RAS mutations and a more aggressive phenotype of thyroid cancer . In a series of 88

carcinomas, an NRAS mutation was present in 13.9% of well-differentiated carcinomas (WDTC), in 18.2% of PDTC and

37.5% of undifferentiated carcinomas . In the study by Garcia-Rostan et al. a RAS mutation was found in 8.2% of

WDTC, in 55.2% PDTC, and in 51.7% of undifferentiated or anaplastic carcinomas (UTC) . A cumulative analysis of

834 thyroid cancers including 492 WDTC, 173 PDTC and 169 UTC thyroid cancers, displayed a RAS mutation in 151

tumors ( Table 2 ). RAS mutations were more frequent in PDTC (27.7%) then in WDTC (14.8%) and UTC (17.7%),

confirming the hypothesis that RAS is involved in thyroid cancer progression or it is simply associated with it, whereas the

undifferentiated/anaplastic thyroid carcinoma does not necessarily arise from a WDTC and it is more linked to other

genetic alterations. However, the dilemma whether de-differentiation of WDTC is accompanied by RAS mutations or RAS

promotes the de-differentiation in spontaneous thyroid cancer is unsolved.

Table 2. Distribution of RAS mutations in thyroid cancer of different differentiation level.

 Year WDTC
n/Total

WDTC
%

PDTC
n/Total

PDTC
%

UTC
n/Tot

UTC
%

Lemoine, N.R. 1989 8/15 53.3 6/10 60.0 - -

Suarez, H.G. 1988 8/13 61.5 1/10 10.0 - -

Du Villard, J.A. 1995 1/6 16.7 6/14 42.8 1/1 100

Bouras, M. 1998 6/66 9.0 - - 0/8 0.0

Ricarte-Filho, J.C. 2009 1/11 9.0 8/55 14.5 0/2 0.0

Liu, Z. 2008 13/64 20.3 - - 4/51 7.8

Santarpia, L. 2008 0/8 0.0 - - 2/15 13.3

Manenti, G. 1994 5/52 9.6 3/11 27.3 1/5 20.0

Garcia-Rostan, G. 2003 4/49 8.2 16/29 55.2 15/29 51.7

Hou, P. 2008 22/172 12.8 - - 4/50 8.0

Basolo, F. 2000 5/36 13.9 8/44 18.2 3/8 37.5

Total  73/492 14.8 48/173 27.7 30/169 17.7

Some studies have reported the association between RAS mutations and more aggressive behavior of thyroid cancer and

a higher frequency of distant metastases. Five (33%) of 15 patients who died of PTC exhibited an RAS mutation, whereas

this mutation was present in only eight (10.5%) of the 76 patients still alive after a 35 year follow-up . In a 2012 study

focused on 58 FTC, Fukahori et al.  found RAS mutations associated with distant metastases and poor overall survival.
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More recently, a study of 56 FTC, half of which with distant metastases, found an independent relationship between

mutations at codon 61 of NRAS and distant metastases . However, a limit of all mentioned studies is the low

numerosity of the samples.

A large retrospective study including 1510 PTC followed for a mean of 33 months demonstrated less aggressive

histological features, lower rates of extrathyroidal extension, and lower stage for RAS positive tumors, as compared to

those with BRAF V600E or RET/PTC . However, TERT promoter mutations, which were recently demonstrated to be of

strong prognostic significance , were not included in the analysis, and this represents a crucial limitation. The

analysis of the impact of RAS mutation on clinicopathological outcome in 162 BRAF mutation-negative PTC patients

unveiled that RAS mutation alone had no adverse effects . The patients harboring an RAS mutation alone did not

display a more frequent tumor recurrence or higher mortality rate when compared with patients with no RAS, BRAF or

TERT promoter mutation, suggesting that RAS mutation alone is not associated with aggressive behavior. Notably, the

coexistence of RAS mutations with TERT promoter mutations was strongly associated with late disease stages, distant

metastasis, and recurrence, as compared with the group of PTC negative for either mutation. These data, in addition with

the finding that RAS mutations is more frequent in NIFTP than in other differentiated thyroid carcinomas, support the

notion that RAS mutation alone is not a risk factor for a worse prognosis, whereas its coexistence with additional

mutations is associated with a poorer outcome.
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