
EXCLI Journal 2024;23:283-299 – ISSN 1611-2156 

Received: January 12, 2024, accepted: February 08, 2024, published: February 15, 2024 

 

 

283 

Review article: 

DIAGNOSTIC UTILITY OF RAS MUTATION TESTING FOR  

REFINING CYTOLOGICALLY INDETERMINATE  

THYROID NODULES 
 

Isabel R. Riccio1 , Alexandra C. LaForteza2 , Mohammad H. Hussein2 ,  

Joshua P. Linhuber1 , Peter P. Issa1 , Jonathan Staav1 , Manal S. Fawzy3* ,  

Eman A. Toraih2,4,* , Emad Kandil2  

 
1 School of Medicine, Tulane University, New Orleans, LA 70112, USA 
2 Division of Endocrine and Oncologic Surgery, Department of Surgery, School of  

Medicine, Tulane University, New Orleans, LA 70112, USA  
3 Department of Biochemistry, Faculty of Medicine, Northern Border University, Arar, 

Saudi Arabia  
4 Genetics Unit, Department of Histology and Cell Biology, Faculty of Medicine,  

Suez Canal University, Ismailia 41522, Egypt 

 

* Corresponding authors: Eman A. Toraih, Division of Endocrine and Oncologic Surgery, 

Department of Surgery, School of Medicine, Tulane University, New Orleans, LA 70112, 

USA, E-mail: etoraih@tulane.edu 

Manal S. Fawzy, Department of Biochemistry, Faculty of Medicine, Northern Border  

University, Arar, Saudi Arabia, E-mail: manal.darwish@nbu.du.sa 

 

 
https://dx.doi.org/10.17179/excli2024-6975 

 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License  
(http://creativecommons.org/licenses/by/4.0/). 
 
 

ABSTRACT 

RAS mutations are prevalent in indeterminate thyroid nodules, but their association with malignancy risk and utility 

for diagnosis remains unclear. We performed a systematic review and meta-analysis to establish the clinical value 

of RAS mutation testing for cytologically indeterminate thyroid nodules. PubMed and Embase were systematically 

searched for relevant studies. Thirty studies comprising 13,328 nodules met the inclusion criteria. Random effects 

meta-analysis synthesized pooled estimates of RAS mutation rates, risk of malignancy with RAS positivity, and 

histologic subtype outcomes. The pooled mutation rate was 31 % (95 % CI 19-44 %) among 5,307 indeterminate 

nodules. NRAS mutations predominated at 67 % compared to HRAS (24 %) and KRAS (12 %). The malignancy 

rate with RAS mutations was 58 % (95 %CI=48-68 %). RAS positivity increased malignancy risk 1.7-fold (RR 

1.68, 95 %CI=1.21-2.34, p=0.002), with significant between-study heterogeneity (I2=89 %). Excluding one out-

lier study increased the relative risk to 1.75 (95 %CI=1.54-1.98) and I2 to 14 %. Funnel plot asymmetry and Eg-

ger's test (p=0.03) indicated potential publication bias. Among RAS-positive malignant nodules, 38.6 % were fol-

licular variant papillary carcinoma, 34.1 % classical variant, and 23.2 % follicular carcinoma. No statistically sig-

nificant difference in the odds of harboring RAS mutation was found between subtypes. In conclusion, RAS muta-

tion testing demonstrates clinical utility for refining the diagnosis of cytologically indeterminate thyroid nodules. 

Positivity confers a 1.7-fold increased malignancy risk, supporting use for personalized decision-making regarding 

surgery vs. monitoring. Follicular variant papillary carcinoma constitutes the most common RAS-positive malig-

nant histological subtype. 
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Figure 1: Graphical abstract 

 

 

INTRODUCTION 

Thyroid nodules are commonly encoun-

tered in clinical practice and are detected in 

up to 65 % of the general population (Dean 

and Gharib, 2008). At the same time, most 

nodules are benign, and approximately 10-

15 % harbor malignancy (Kamran et al., 

2013). Fine needle aspiration (FNA) cytology 

is the standard diagnostic test for thyroid nod-

ules, and the “Bethesda System for Reporting 

Thyroid Cytopathology” is a widely accepted 

framework that classifies thyroid FNA biopsy 

results into six diagnostic categories, with 

each category reflecting a distinct likelihood 

of malignancy (Haugen et al., 2016). In brief, 

the categories include I) non-diagnostic or un-

satisfactory, II) benign, III) atypia of undeter-

mined significance or follicular lesion of un-

determined significance (AUS/FLUS), IV) 

follicular neoplasm or suspicious for a follic-

ular neoplasm, V) suspicious for malignancy, 

and VI) malignant. Categories III, IV, and V 

are considered indeterminate and pose chal-

lenges in clinical management because they 

do not clearly distinguish between benign and 

malignant lesions. Consequently, these cate-

gories often require further diagnostic proce-

dures, such as molecular testing, to guide clin-

ical decisions (Haugen et al., 2016). 

The risk of malignancy for Bethesda III 

nodules ranges from 6-48 %, while Bethesda 

IV carries a 16-73 % risk, and Bethesda V has 

a 60-75 % risk (Singh and Wang, 2011). Due 

to this uncertainty, most patients with indeter-

minate nodules are referred for diagnostic 

thyroid surgery; however, only 20-37 % 

prove to be malignant on final pathology 

(Yang et al., 2007). This leads to potential 

overtreatment and unnecessary surgical risks. 

Various molecular markers have been 

studied to improve the preoperative diagnosis 

of indeterminate nodules, including BRAF 

and RAS point mutations, RET/PTC rear-

rangements, and galectin-3 immunostaining 

(Bartolazzi et al., 2018; Ferrari et al., 2018; 

Lu et al., 2023; Patel et al., 2017). Studies 

have demonstrated up to 70 % of papillary 

thyroid cancer harbors a mutation (Oishi et 
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al., 2017, Prete et al., 2020). Among these, 

RAS mutations (in NRAS, HRAS, and KRAS 

genes) are found in 10-20 % of papillary thy-

roid cancers (Gilani et al., 2022). Several 

studies have evaluated RAS testing specifi-

cally in nodules with indeterminate cytology, 

with mutation rates of 8.5 %-72 % reported 

(An et al., 2015; Macerola et al., 2019; 

Marotta et al., 2021).  

While several individual studies have 

been published, the diagnostic utility and clin-

ical significance of RAS mutations in indeter-

minate nodules remain unclear. In this sense, 

we performed a systematic review and meta-

analysis to synthesize the existing evidence 

on 1) the frequency of RAS mutations in inde-

terminate thyroid nodules and 2) the associa-

tion between RAS mutation status and risk of 

malignancy. Additionally, we examined the 

relationship between RAS mutations and his-

tologic subtypes of malignancy. Our findings 

aim to clarify the diagnostic utility of RAS 

mutation testing for triaging indeterminate 

nodules. 

 

MATERIALS AND METHODS 

Search strategy 

This meta-analysis followed the Preferred 

Reporting Items for Systematic Review and 

Meta-Analyses (PRISMA) guidelines. We 

systematically searched PubMed and Embase 

to cover the published articles between 2010-

2024, using a combination of relevant key-

words related to indeterminate thyroid nod-

ules, fine needle aspiration, RAS mutations, 

and thyroid cancer. We manually screened the 

reference lists of included studies and relevant 

reviews for additional eligible studies.  

 

Selection criteria 

Studies were included if they met the fol-

lowing criteria: (1) evaluated indeterminate 

thyroid nodules (Bethesda category III, IV, or 

V) diagnosed by FNA, (2) assessed RAS mu-

tational status, (3) had surgical histopatholog-

ical confirmation of nodule diagnosis, (4) re-

ported data to calculate the proportion of RAS 

mutations and/or the association between RAS 

status and cancer risk. Case reports, 

conference abstracts, editorials, and non-Eng-

lish studies were excluded. 

Three investigators independently screen-

ed the titles, abstracts, and full texts of re-

trieved studies against the eligibility criteria. 

Disagreements were resolved by consensus or 

consultation with a fourth investigator if 

needed. 

 

Data extraction  

Three investigators used a standardized 

form to extract data from the included studies 

on study characteristics (author, year, coun-

try, design), patient characteristics (age, sex, 

nodule size), FNA details (Bethesda category, 

sample size), number of nodules tested for 

RAS, number of RAS mutations, final surgical 

pathology diagnosis, and data for 2x2 tables 

of RAS status (positive/negative) versus ma-

lignancy (positive/negative). 

 

Study outcomes 

The primary outcomes were the pooled 

proportion of RAS mutations in indeterminate 

nodules and the relative risk (RR) of malig-

nancy associated with RAS mutation positiv-

ity. Secondary outcomes included the odds ra-

tio for the histological subtype of malignancy 

(classical/follicular variant papillary thyroid 

cancer). 

 

Single proportion meta-analysis 

We calculated the pooled proportion of 1) 

Bethesda category III/IV/V nodules and 2) the 

rate of malignancy among surgically resected 

indeterminate nodules using the Freeman-

Tukey double arcsine transformation to stabi-

lize the variances and then summarized the 

proportions using a random effects meta-anal-

ysis model. For the rate of RAS mutations in 

indeterminate nodules, we used an arcsine 

square-root transformation to account for 

studies with RAS mutation rates of zero. We 

pooled the transformed proportions using a 

random effects model. 

 

Pairwise comparison meta-analysis 

We used a Mantel-Haenszel random ef-

fects model to estimate the relative risk of 
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malignancy associated with RAS mutation 

positivity (Dettori et al., 2022). The between-

study variance was estimated using the Der-

Simonian-Laird method (Bakbergenuly et al., 

2020). We added a continuity correction of 

0.5 to studies with zero events. 

For the secondary outcome of the histo-

logical subtype, we used a Mantel-Haenszel 

random effects model to calculate the odds ra-

tio of classical variant/follicular variant papil-

lary carcinoma associated with RAS muta-

tions. We used the same methods as above to 

quantify and test for heterogeneity. 

 

Heterogeneity analysis 

For all proportion meta-analyses, we 

quantified heterogeneity using the I2 statistic 

and tested for heterogeneity using Cochran's 

Q test (West et al., 2010). We used the Knapp-

Hartung modification to account for uncer-

tainty in the estimated variance of each study 

(Jackson et al., 2017). Confidence intervals 

for individual studies were calculated using 

the Clopper-Pearson method (Jackson et al., 

2017). 

 

Evaluation of publication bias 

We assessed publication bias through vis-

ual inspection of funnel plots and quantita-

tively using Egger's regression test (Egger et 

al., 1997). For estimates with evidence of 

publication bias, we performed trim-and-fill 

analysis to adjust for hypothetical missing 

studies. 

 

Sensitivity analyses and meta-regression 

analysis 

We conducted sensitivity analyses ex-

cluding studies with a high risk of bias, stud-

ies with inadequate sample size, and other 

subgroup analyses to evaluate the robustness 

of findings. All analyses were done in R ver-

sion 4.0.2 using the meta R and metafor pack-

ages. 

 

RESULTS 

Literature search 

A systematic literature search identified 

318 potentially relevant studies. After screen-

ing titles and abstracts, 52 articles were re-

trieved for full-text review. Thirty studies 

with 13,328 nodules in 12,338 patients met 

the final inclusion criteria (Figure 2).

 

Figure 2: Study selection 
by PRISMA flow diagram 
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Study characteristics 

The 30 included studies comprised 16 

prospective and 14 retrospective designs, con-

ducted across 10 countries from 2010 to 2022, 

including 10 studies from the USA (Beau-

denon-Huibregtse et al., 2014; Belovarac et 

al., 2022; Guan et al., 2020; Gupta et al., 

2013; Lupo et al., 2020; Moses et al., 2010; 

Nikiforov et al., 2011; Shrestha et al., 2016; 

Stence et al., 2015; Valderrabano et al., 2017), 

five from Italy (Cantara et al., 2010; Censi et 

al., 2017; Colombo et al., 2021; De Napoli et 

al., 2016; Macerola et al., 2019), and four 

from China (Liu et al., 2014; Lu et al., 2021; 

Song et al., 2020; Wu et al., 2019), among 

others (An et al., 2015; Bardet et al., 2015; 

Chen et al., 2020; Cho et al., 2020; Decaussin-

Petrucci et al., 2017; Eszlinger et al., 2014; 

Gill et al., 2015; Grimmichova et al., 2022; 

Ravella et al., 2020; Tolaba et al., 2021; 

Vishwanath et al., 2022). Sample sizes ranged 

from 42 to 2,306 nodules evaluated by FNA. 

About 5,307 nodules were diagnosed as inde-

terminate, of which 3,327 underwent surgical 

resection with histopathological confirmation 

(Table 1). 

 
 

Table 1: Eligible article characteristics 

Author, year  
[reference] 

Country Study  
De-
sign 

Mean Age 
(SD.) 

Sex, 
Male 

Total Pa-
tients 

Total 
FNA 

Vishwanath, 2022 India P  47.86 (15.8) 19 69 53 

Grimmichova, 2022 Czech  
Republic 

P  NA 35 178 178 

Belovarac, 2022 USA  R  NA NA NA 2306 

Tolaba, 2021 Argentina P  NA NA NA 112 

Lu, 2021 China  R  NA NA 369 394 
Colombo, 2021 Italy  P  NA NA NA 2215 

Song, 2020 China P  NA NA 1055 1193 

Ravella, 2020 France  P  44.1 (14.4) 16 68 146 

Lupo, 2020 USA  R  NA NA 309 309 

Guan, 2020  USA P  NA NA 513 580 

Cho, 2020 Korea P  NA NA 430 430 

Chen, 2020 Canada P  54 (15.5) 37 50 50 

Wu, 2019 China  P  47.6 (15.5) 9 43 43 

Macerola, 2019 Italy  R  48.9 (14.3) 112 511 617 

Valderrabano, 2017 USA  R  55.7 (NA) 24 182 190 

Decaussin-Petrucci, 
2017 

France P  NA NA 326 326 

Censi, 2017 Italy R NA 44 199 199 

Shrestha, 2016 USA R 48 (15) NA 261 261 

De Napoli, 2016 Italy R 44 (NA) 68 258 258 

Stence, 2015 USA R NA NA 41 42 

Gill, 2015 Canada R NA NA 60 60 

Bardet, 2015 France  P  NA NA 131 131 

An, 2015 Korea R 50.8 (13.8) 11 65 155 

Liu, 2014 China P NA NA 310 310 

Eszlinger, 2014 Germany R NA NA 310 310 
Beaudenon- 
Huibregtse, 2014 

USA P NA NA 581 737 

Gupta, 2013 USA R NA NA 66 68 

Nikiforov, 2011 USA P NA NA 729 967 

Moses, 2010 USA P 51 (15) NA 417 453 

Cantara, 2010 Italy R 51.2 (13.8) 36 174 235 

P: Prospective; R: Retrospective; SD: Standard deviation; NA: Not applicable; FNA: Fine needle aspiration
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Pooled rates in indeterminate nodules 

The pooled proportion of Bethesda cate-

gory III/IV/V nodules was 93 % (95 % CI, 

73-99 %) (Figure 3). The frequency ranged 

from 13 % to 100 %. 

For indeterminate subtypes, atypia of un-

determined significance or follicular lesion of 

undetermined significance (AUS/FLUS) oc-

curred in 44 % (95 % CI, 31-59 %), follicular 

neoplasm (FN) in 42 % (95 % CI, 28-57 %), 

and suspicious for malignancy (SUSP) in 

18 % (95 % CI, 13-24 %) (Figure 4). 

 

Mutation rate of RAS genes in 

 indeterminate nodules 

Out of the whole population, 91 % (95 % 

CI, 76 %-97 %) of patients with indetermi-

nate nodules underwent surgery. Of these, 

29 % (95 % CI, 18 %-43 %) had positive RAS 

mutation (Figure 5). Among RAS mutations, 

NRAS mutations predominated at 67 % (95 % 

CI, 55-79 %), followed by HRAS 24 % (95 % 

CI, 19-29 %) and KRAS 12 % (95 % CI, 5-

22 %). 

 

 

 

 

Figure 3: Forest plots show a pooled proportion of indeterminate thyroid nodules across the studies 
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Figure 4: Forest plots show 
the pooled proportion of Be-
thesda III (A), IV (B), and V (C) 
subtype nodules 
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Figure 5: Rate of RAS mutation in surgically resected indeterminate nodules 

 

Rates of malignancy in RAS positive  

indeterminate nodules 

In surgically resected indeterminate nod-

ules, 31 % (95 % CI 19-44 %) harbored ma-

lignancy. Specifically, in indeterminate nod-

ules with positive RAS mutation, the malig-

nancy rate was 58 % (95 % CI, 47 %-69 %) 

(Figure 6). 

 

Risk of malignancy  

RAS mutation positivity conferred a 1.68-

fold higher risk of malignancy (RR 1.68, 

95 % CI, 1.21-2.34, p=0.002) (Figure 7). 

 

Evaluation of bias and heterogeneity  

analysis 

There was evidence of publication bias by 

Egger's test (p=0.03) and funnel plot asym-

metry (Figure 8). Sensitivity analysis and 

Baujat plot indicated that heterogeneity was 

partly explained by one outlier study 

(Nikiforov et al., 2011). This study was re-

moved in a revised analysis for the relative 

risk of malignancy in the presence of RAS mu-

tation (RR:1.75, 95 % CI 1.54-1.98) (Figure 

9). 
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Figure 7: Forest plots show the relative risk of malignancy conferred by RAS mutation positivity 

Figure 6: Rate of malignancy 

in RAS-positive surgically re-
sected indeterminate thyroid 
nodules 
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Figure 8: Funnel plot assessing publication bias in the relative risk analysis 

 

 

Histopathological subtypes 

Among RAS-positive malignant thyroid 

nodules, the meta-analysis found that the fol-

licular variant of papillary thyroid cancer 

(FV-PTC) constituted 38.60 % (95 % CI 

23.40-56.30 %) of cases. The classical variant 

of papillary thyroid cancer (CV-PTC) repre-

sented 34.10 % (95 % CI 19.50-52.40 %) of 

cases. On the other hand, follicular thyroid 

cancer (FTC) accounted for 23.20 % (95 % 

CI 14.70-34.50 %) of RAS-positive malig-

nant nodules. Significant heterogeneity was 

detected across the pooled estimates 

(I2>50 %) (Table 2). 

Furthermore, pairwise comparisons be-

tween the subtypes revealed no statistically 

significant differences in the odds of harbor-

ing RAS mutations. Specifically, the odds ra-

tio for FV-PTC versus CV-PTC was 1.06 

(95 % CI 0.25-4.37; p=0.93). The FTC versus 

CV-PTC comparison yielded an odds ratio of 

0.64 (95 % CI 0.22-1.82; p=0.40), and the 

FTC versus FV-PTC comparison showed an 

odds ratio of 0.51 (95 % CI 0.15-1.68; 

p=0.26) (Table 3). 

 

DISCUSSION 

In this systematic review and meta-analy-

sis of 30 studies with over 13,000 thyroid 

nodules, we found that RAS mutations are 

prevalent in approximately 30 % of nodules 

with indeterminate fine needle aspiration cy-

tology. A RAS mutation was associated with 

a 1.7-fold increased risk of malignancy. 

Among RAS-positive malignant nodules, the 

odds of classical variant papillary thyroid car-

cinoma were nearly ten times higher com-

pared to follicular carcinoma. These findings 

suggest that RAS mutational testing may have 

clinical utility for refining the diagnosis of in-

determinate nodules. 

The 29  % pooled rate of RAS mutations 

we identified is within the 18-43 % generally 

reported for sporadic papillary thyroid can-

cers (Zhou et al., 2023). However, prior stud-

ies in indeterminate nodules have reported 

RAS mutation frequencies of 26-34 %, more 

concordant with our estimate (Gill et al., 

2015; Macerola et al., 2019; Song et al., 

2020). The prevalence likely reflects enrich-

ment for RAS mutations among cytologically 

indeterminate nodules. 

We found RAS positivity significantly 

predicts malignancy, conferring a 1.7-fold in-

creased risk, although the data exhibited het-

erogeneity. This aligns with recent studies 

demonstrating that molecular profiling adds 

incremental diagnostic value over clinical 

features and ultrasound for thyroid nodules 

with indeterminate cytology (Morand et al., 

2024; Stewardson et al., 2023). Specifically, a 

previous meta-analysis found that RAS-muta-
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Figure 9: Heterogeneity analysis 
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Table 2: Pooled proportion of pathological variant among RAS-positive malignant nodules 

Histological variant Proportion LL UL I2 p-value 

Classical variant PTC 34.10 % 19.50 % 52.40 % 66.20 % <0.001 

Follicular variant PTC 38.60 % 23.40 % 56.30 % 71.80 % <0.001 

Follicular thyroid cancer 23.20 % 14.70 % 34.50 % 50.50 % 0.002 

PTC: papillary thyroid cancer; LL and UL: lower and upper limits of 95 % confidence interval. The inverse variance method was 
used for meta-analytically pooling the proportions across studies. This involved weighting each study based on its precision. The 
between-study variance (tau-squared) was estimated using a restricted maximum likelihood estimator to account for heterogene-
ity. Logit transformation was applied to the individual study proportions before meta-analysis to normalize the data. The Clopper-
Pearson method was utilized to calculate confidence intervals for the individual study proportions. Finally, a continuity correction 
of 0.5 was applied in studies with zero cell frequencies. 

 
Table 3: Pairwise subtype comparison based on histopathological types 

Pairwise OR LL UL p-value 

FV-PTC vs CV-PTC 1.06 0.25 4.37 0.93 

FTC vs. CV-PTC 0.64 0.22 1.82 0.4 

FC vs. FV-PTC 0.51 0.15 1.68 0.26 

FV-PTC: follicular variant papillary thyroid carcinoma; PTC: papillary thyroid carcinoma; FTC: follicular thyroid carcinoma; OR: 
odds ratio; LL: lower limit; UL: upper limit. The Mantel-Haenszel method was utilized for pooling, the DerSimonian-Laird estimator 
for quantifying between-study variance, and continuity correction was applied in studies with zero cell frequencies. 

 
 

ted indeterminate nodules have a positive pre-

dictive value of 78 % and a positive likeli-

hood ratio of 4.23, suggesting further investi-

gation into the RAS mutation in indeterminate 

nodules for diagnostic accuracy (Clinkscales 

et al., 2017).  

A recent multicenter, multinational retro-

spective study examined thyroid nodules with 

a wider range of Bethesda III to VI cytology 

through expansive molecular profiling, in-

cluding ThyGenX/ThyGeNEXT and Thy-

roSeq V3 tests (Morand et al., 2024). Notably, 

the study identified RAS-like alterations pre-

dominantly in Bethesda III and IV nodules, 

which aligns with the focus of our meta-anal-

ysis. These RAS-like mutations were associ-

ated with a lower likelihood of extrathyroidal 

extension, nodal disease, and aggressive his-

tology, which further illuminates the diagnos-

tic subtleties that RAS mutation testing can 

bring to the clinical evaluation of indetermi-

nate thyroid nodules. However, while this 

study provides valuable insights into the po-

tential for molecular testing to predict 

malignant behavior and guide patient man-

agement, it encompasses a broader range of 

nodules than our analysis, including Bethesda 

VI and a variety of molecular alterations be-

yond those in the RAS gene family. The in-

clusion of a mix of RAS-like and non-RAS 

mutations, and especially the inclusion of Be-

thesda VI category nodules, which are known 

to have a high likelihood of malignancy, sug-

gest divergent clinical implications that are 

beyond the scope of our investigation, thus 

not meeting our eligibility criteria. Neverthe-

less, their findings complement our results by 

highlighting the importance and utility of 

RAS mutation testing among the array of mo-

lecular diagnostic tools. Future studies could 

build upon these results, examining the impli-

cations of conducting molecular profiling that 

targets specific mutation types across a tightly 

defined range of Bethesda categories, ulti-

mately contributing to a more personalized 

approach to thyroid nodule management. 

It is worth noting that the risk conferred 

by RAS mutations appears more modest than 
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other markers like BRAFV600E, which carry 

higher specificity for papillary thyroid cancer 

(Zou et al., 2014). 

Our study estimates the distribution of 

RAS mutation subtypes in indeterminate nod-

ules, with NRAS codominant at 67 %, fol-

lowed by HRAS and KRAS. Previous reviews 

have suggested NRAS mutations predominate 

but lacked sufficient data to quantify the rela-

tive distribution (Clinkscales et al., 2017). 

RAS subtype may have implications for prog-

nostication, as NRAS and KRAS mutations 

have been associated with less aggressive dis-

ease, whereas HRAS mutations confer a 

higher probability of carcinoma outcome risk 

(Radkay et al., 2014). 

Regarding histopathological outcomes, 

our meta-analysis found RAS-positive malig-

nant nodules harbored a distribution of 34 % 

classical variant PTC, 39 % follicular variant 

PTC, and 23 % follicular thyroid carcinoma. 

There was significant heterogeneity across 

studies for all subtype estimates. The predom-

inance of classic and follicular variant PTC 

histologies likely reflects the known associa-

tion between RAS mutations and papillary 

carcinoma, rather than follicular carcinoma, 

in thyroid malignant transformation 

(Cameselle-Teijeiro et al., 2020). The lack of 

distinction in RAS mutation prevalence be-

tween subtypes indicates that cytological phe-

notype does not necessarily confer genotype 

specificity. Overall, RAS analysis can im-

prove diagnostic accuracy without neces-

sarily providing definitive subclassification 

capacity between PTC variants. Additional 

large-scale studies are still needed to clarify if 

subtle inter-subtype differences exist in the 

likelihood of harboring RAS mutations.  

Currently, the ATA guidelines issue a 

weak recommendation for molecular testing 

to help guide the management of cytologi-

cally indeterminate thyroid nodules (Haugen, 

2017). Based on our findings, we suggest that 

RAS analysis is a useful diagnostic adjunct for 

nodules with indeterminate cytology. Testing 

can be readily performed on FNA cytology 

samples prior to surgical decision-making. 

Given that, nearly half of the indeterminate 

nodules harbor RAS mutations, which confer 

an increased risk of malignancy, a positive 

RAS test result may prompt consideration of 

surgical excision or more frequent ultRA-

Sound follow-up instead of continued obser-

vation. Negative RAS testing suggests lower 

malignancy risk, providing reassurance for 

conservative management. 

Incorporating RAS analysis into indeter-

minate thyroid nodule evaluation may reduce 

unnecessary surgeries for benign nodules and 

allow earlier diagnosis of RAS-positive clas-

sical variant papillary cancers. There is poten-

tial value for RAS subtyping as well. Addi-

tional studies are still needed to determine if 

RAS mutations can stratify malignant risk 

within the AUS/FLUS, FN, and SUSP Be-

thesda categories. Future research should also 

examine the prognostic significance and pre-

dictive value of RAS mutations regarding re-

sponse to adjuvant therapy in thyroid cancer 

patients. 

Several limitations should be considered 

when interpreting our meta-analysis. There 

was significant between-study heterogeneity, 

which may reflect differences in geographic 

cohorts, molecular methods, and histopatho-

logical classification across studies. To miti-

gate this issue, we conducted sensitivity anal-

yses, which achieved homogeneity after ex-

cluding an outlier study. Additionally, eligi-

ble studies were observational. Consequently, 

the potential for residual confounding factors 

cannot be ruled out. 

Furthermore, while focusing on RAS sta-

tus, we recognize that other germline and so-

matic mutations might coexist and influence 

the outcomes, but these factors were not ac-

counted for in our analysis due to data limita-

tions. A significant gap in our meta-analysis 

is the inability to assess the prognostic signif-

icance of RAS mutations, mainly because 

most of the included studies did not provide 

follow-up data, which limits our understand-

ing of the long-term implications of these mu-

tations in the studied population. Finally, 

providing a nuanced understanding of how 

RAS mutation status might correlate with ma-

lignancy risk across different genders could 
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have valuable implications for personalizing 

the management of thyroid nodules and is an 

essential suggestion for progressing the field. 

 

CONCLUSIONS 

Our analysis highlights that while RAS 

testing can improve diagnostic accuracy, it 

does not necessarily offer definitive subclas-

sification capacity between thyroid carci-

noma variants. Given that a significant pro-

portion of indeterminate nodules harbor RAS 

mutations with an associated increased malig-

nancy risk, a positive RAS test may influence 

management decisions, from surgical exci-

sion to more intensive monitoring, whereas 

negative results may support conservative 

management. In conclusion, incorporating 

RAS analysis in evaluating indeterminate thy-

roid nodules could reduce unnecessary sur-

geries and facilitate earlier diagnosis of cer-

tain cancers. Further studies are warranted to 

determine the prognostic significance of RAS 

mutations. 

 

Author contributions 

Conceptualization: EAT, EK; Data cura-

tion: IRR, ACL, JPL, PPI, JS; Formal analy-

sis: MHH, EAT; Funding acquisition: EAT; 

Methodology: IRR, ACL, JPL, PPI, JS, EAT; 

Software: MHH, EAT; Supervision: EAT, 

EK; Validation: MHH, MSF, EK; Writing – 

original draft: MHH, MSF, EAT; Writing – 

review & editing: IRR, ACL, MHH, JPL, PPI, 

JS, MSF, EAT, EK. All authors have read and 

agreed to the published version of the manu-

script. 

 

Funding 

The project described was supported by 

ThyCa: Thyroid Cancer Survivors' Associa-

tion, Inc. and administered by the American 

Thyroid Association through grant number 

[THYROIDGRANT2021-0000000232] and 

The School of Medicine Pilot Grant (to ET). 

Furthermore, the Deanship of Scientific Re-

search at Northern Border University, Arar, 

KSA, funded this research work through the 

project number "NBU-FFR-2024–1442-02" 

(to MSF). 

 

Conflict of interest 

The authors declare no conflict of interest. 

 

REFERENCES 

An JH, Song KH, Kim SK, Park KS, Yoo YB, Yang 

JH, et al. RAS mutations in indeterminate thyroid nod-

ules are predictive of the follicular variant of papillary 

thyroid carcinoma. Clin Endocrinol. 2015;82:760-6. 

doi: 10.1111/cen.12579. 

Bakbergenuly I, Hoaglin DC, Kulinskaya E. Methods 

for estimating between-study variance and overall ef-

fect in meta-analysis of odds ratios. Res Synthesis 

Meth. 2020;11:426-42. doi: 10.1002/jrsm.1404.  

Bardet S, Ciappuccini R, Quak E, Rame JP, Blanchard 

D, de Raucourt D, et al. Prognostic value of micro-

scopic lymph node involvement in patients with papil-

lary thyroid cancer. J Clin Endocrinol Metabol. 2015; 

100:132-40. doi: 10.1210/jc.2014-1199.  

Bartolazzi A, Sciacchitano S, D'Alessandria C. Galec-

tin-3: the impact on the clinical management of pa-

tients with thyroid nodules and future perspectives. Int 

J Mol Sci. 2018;19(2):445. doi: 

10.3390/ijms19020445.  

Beaudenon-Huibregtse S, Alexander EK, Guttler RB, 

Hershman JM, Babu V, Blevins TC, et al. Centralized 

molecular testing for oncogenic gene mutations com-

plements the local cytopathologic diagnosis of thyroid 

nodules. Thyroid. 2014;24:1479-87. doi: 

10.1089/thy.2013.0640.  

Belovarac B, Zhou F, Modi L, Sun W, Shafizadeh N, 

Negron R, et al. Evaluation of ACR TI-RADS cytolog-

ically indeterminate thyroid nodules and molecular 

profiles: a single-institutional experience. J Am Soc 

Cytopathol. 2022;11:165-72. doi: 

10.1016/j.jasc.2022.01.002.  

Cameselle-Teijeiro JM, Eloy C, Sobrinho-Simoes M. 

Pitfalls in challenging thyroid tumors: emphasis on dif-

ferential diagnosis and ancillary biomarkers. Endo-

crine Pathol. 2020;31:197-217. doi: 10.1007/s12022-

020-09638-x.  

Cantara S, Capezzone M, Marchisotta S, Capuano S, 

Busonero G, Toti P, et al. Impact of proto-oncogene 

mutation detection in cytological specimens from thy-

roid nodules improves the diagnostic accuracy of cy-

tology. J Clin Endocrinol Metabol. 2010;95:1365-9. 

doi: 10.1210/jc.2009-2103. 



EXCLI Journal 2024;23:283-299 – ISSN 1611-2156 

Received: January 12, 2024, accepted: February 08, 2024, published: February 15, 2024 

 

 

297 

Censi S, Cavedon E, Bertazza L, Galuppini F, Watu-

tantrige-Fernando S, De Lazzari P, et al. Frequency and 

significance of Ras, tert promoter, and Braf mutations 

in cytologically indeterminate thyroid nodules: a mo-

nocentric case series at a tertiary-level endocrinology 

unit. Front Endocrinol. 2017;8:273. doi: 

10.3389/fendo.2017.00273.  

Chen T, Gilfix BM, Rivera J, Sadeghi N, Richardson 

K, Hier MP, et al. The role of the thyroSeq v3 molecu-

lar test in the surgical management of thyroid nodules 

in the canadian public health care setting. Thyroid. 

2020;30:1280-7. doi: 10.1089/thy.2019.0539.  

Cho YY, Park SY, Shin JH, Oh YL, Choe JH, Kim JH, 

et al. Highly sensitive and specific molecular test for 

mutations in the diagnosis of thyroid nodules: a pro-

spective study of BRAF-prevalent population. Int J 

Mol Sci. 2020;21(16):5629. doi: 

10.3390/ijms21165629.  

Clinkscales W, Ong A, Nguyen S, Harruff EE, Gilles-

pie MB. Diagnostic value of RAS mutations in indeter-

minate thyroid nodules. Otolaryngol Head Neck Surg. 

2017;156:472-9. doi: 10.1177/0194599816685697.  

Colombo C, Muzza M, Pogliaghi G, Palazzo S, Van-

nucchi G, Vicentini L, et al. The thyroid risk score 

(TRS) for nodules with indeterminate cytology. Endocr 

Relat Cancer. 2021;28:225-35. doi: 10.1530/ERC-20-

0511.  

De Napoli L, Bakkar S, Ambrosini CE, Materazzi G, 

Proietti A, Macerola E, et al. Indeterminate single thy-

roid nodule: synergistic impact of mutational markers 

and sonographic features in triaging patients to appro-

priate surgery. Thyroid. 2016;26:390-4. doi: 

10.1089/thy.2015.0311.  

Dean DS, Gharib H. Epidemiology of thyroid nodules. 

Best Pract Res Clin Endocrinol Metab. 2008;22:901-

11. doi: 10.1016/j.beem.2008.09.019. 

Decaussin-Petrucci M, Descotes F, Depaepe L, Lapras 

V, Denier ML, Borson-Chazot F, et al. Molecular test-

ing of BRAF, RAS and TERT on thyroid FNAs with 

indeterminate cytology improves diagnostic accuracy. 

Cytopathology. 2017;28:482-7. doi: 

10.1111/cyt.12493.  

Dettori JR, Norvell DC, Chapman JR. Fixed-effect vs 

random-effects models for meta-analysis: 3 points to 

consider. Global Spine J. 2022;12:1624-6. doi: 

10.1177/21925682221110527.  

Egger M, Davey Smith G, Schneider M, Minder C. 

Bias in meta-analysis detected by a simple, graphical 

test. Bmj. 1997;315(7109):629-34. doi: 

10.1136/bmj.315.7109.629.  

Eszlinger M, Krogdahl A, Munz S, Rehfeld C, Precht 

Jensen EM, Ferraz C, et al. Impact of molecular screen-

ing for point mutations and rearrangements in routine 

air-dried fine-needle aspiration samples of thyroid nod-

ules. Thyroid. 2014;24:305-13. doi: 

10.1089/thy.2013.0278.  

Ferrari SM, Fallahi P, Ruffilli I, Elia G, Ragusa F, 

Paparo SR, et al. Molecular testing in the diagnosis of 

differentiated thyroid carcinomas. Gland Surgery. 

2018;7(Suppl 1):S19-29. doi: 10.21037/gs.2017.11.07.  

Gilani SM, Abi-Raad R, Garritano J, Cai G, Prasad 

ML, Adeniran AJ. RAS mutation and associated risk 

of malignancy in the thyroid gland: An FNA study with 

cytology-histology correlation. Cancer Cytopathol. 

2022;130:284-93. doi: 10.1002/cncy.22537. 

Gill MS, Nayan S, Kocovski L, Cutz JC, Archibald SD, 

Jackson BS, et al. Local molecular analysis of indeter-

minate thyroid nodules. J Otolaryngol Head Neck 

Surg. 2015;44:52. doi: 10.1186/s40463-015-0106-2. 

Grimmichova T, Pacesova P, Hill M, Pekova B, 

Vankova M, Moravcova J, et al. Thyroid cancer detec-

tion in a routine clinical setting: performance of ACR 

TI-RADS, FNAC, and molecular testing in prospective 

cohort study. Biomedicines. 2022;10(5):954. doi: 

10.3390/biomedicines10050954. 

Guan H, Toraldo G, Cerda S, Godley FA, Rao SR, 

McAneny D, et al. Utilities of RAS mutations in pre-

operative fine needle biopsies for decision making for 

thyroid nodule management: results from a single-cen-

ter prospective cohort. Thyroid. 2020;30:536-47. doi: 

10.1089/thy.2019.0116.  

Gupta N, Dasyam AK, Carty SE, Nikiforova MN, 

Ohori NP, Armstrong M, et al. RAS mutations in thy-

roid FNA specimens are highly predictive of predomi-

nantly low-risk follicular-pattern cancers. J Clin Endo-

crinol Metabol. 2013;98:E914-22. doi: 

10.1210/jc.2012-3396.  

Haugen BR. 2015 American Thyroid Association 

Management Guidelines for Adult Patients with thy-

roid nodules and differentiated thyroid cancer: What is 

new and what has changed? Cancer. 2017;123:372-81. 

doi: 10.1002/cncr.30360.  

Haugen BR, Alexander EK, Bible KC, Doherty GM, 

Mandel SJ, Nikiforov YE, et al. 2015 American Thy-

roid Association Management Guidelines for adult pa-

tients with thyroid nodules and differentiated thyroid 

Cancer: The American Thyroid Association Guidelines 

Task Force on Thyroid Nodules and Differentiated 

Thyroid Cancer. Thyroid. 2016;26(1):1-133. doi: 

10.1089/thy.2015.0020.  



EXCLI Journal 2024;23:283-299 – ISSN 1611-2156 

Received: January 12, 2024, accepted: February 08, 2024, published: February 15, 2024 

 

 

298 

Jackson D, Law M, Rucker G, Schwarzer G. The 

Hartung-Knapp modification for random-effects meta-

analysis: A useful refinement but are there any residual 

concerns? Statistics Med. 2017;36:3923-34. doi: 

10.1002/sim.7411.  

Kamran SC, Marqusee E, Kim MI, Frates MC, Ritner 

J, Peters H, et al. Thyroid nodule size and prediction of 

cancer. J Clin Endocrinol Metabol. 2013;98:564-70. 

doi: 10.1210/jc.2012-2968. 

Liu S, Gao A, Zhang B, Zhang Z, Zhao Y, Chen P, et 

al. Assessment of molecular testing in fine-needle as-

piration biopsy samples: an experience in a Chinese 

population. Exp Mol Pathol. 2014;97:292-7. doi: 

10.1016/j.yexmp.2014.08.005.  

Lu SY, Chen YC, Zhu CF, Chen J, Zhou QY, Zhang 

MM, et al. A five-gene panel refines differential diag-

nosis of thyroid nodules. J Clin Lab Anal. 2021;35(9): 

e23920. doi: 10.1002/jcla.23920.  

Lu Y, Guo X, Yang M, Wang K, Cao G, Liu Y, et al. 

BRAF(V600E) genetic testing should be recom-

mended for Bethesda III or V thyroid nodules based on 

fine-needle aspiration. Sci Rep. 2023;13(1):17129. doi: 

10.1038/s41598-023-44464-1.  

Lupo MA, Walts AE, Sistrunk JW, Giordano TJ, Sa-

dow PM, Massoll N, et al. Multiplatform molecular test 

performance in indeterminate thyroid nodules. Diagn 

Cytopathol. 2020;48:1254-64. doi: 10.1002/dc.24564.  

Macerola E, Rago T, Proietti A, Basolo F, Vitti P. The 

mutational analysis in the diagnostic work-up of thy-

roid nodules: the real impact in a center with large ex-

perience in thyroid cytopathology. J Endocrinol Invest. 

2019;42:157-66. doi: 10.1007/s40618-018-0895-z.  

Marotta V, Bifulco M, Vitale M. Significance of RAS 

mutations in thyroid benign nodules and non-medul-

lary thyroid cancer. Cancers. 2021;13(15):3785. doi: 

10.3390/cancers13153785.  

Morand GB, Tessler I, Noik M, Krasner J, Yamin T, 

Pusztaszeri MP, et al. Molecular profiling for Bethesda 

III to VI nodules: results of a multicenter international 

retrospective study. Endocri Pract. 2024 Jan 5:S1530-

891X(24)00014-4, epub ahead of print. doi: 

10.1016/j.eprac.2024.01.002.  

Moses W, Weng J, Sansano I, Peng M, Khanafshar E, 

Ljung BM, et al. Molecular testing for somatic muta-

tions improves the accuracy of thyroid fine-needle as-

piration biopsy. World J Surg. 2010;34:2589-94. doi: 

10.1007/s00268-010-0720-0.  

Nikiforov YE, Ohori NP, Hodak SP, Carty SE, LeBeau 

SO, Ferris RL, et al. Impact of mutational testing on 

the diagnosis and management of patients with cyto-

logically indeterminate thyroid nodules: a prospective 

analysis of 1056 FNA samples. J Clin Endocrinol 

Metabol. 2011;96:3390-7. doi: 10.1210/jc.2011-1469.  

Oishi N, Kondo T, Ebina A, Sato Y, Akaishi J, Hino R, 

et al. Molecular alterations of coexisting thyroid papil-

lary carcinoma and anaplastic carcinoma: identifica-

tion of TERT mutation as an independent risk factor 

for transformation. Mod Pathol. 2017;30:1527-37. doi: 

10.1038/modpathol.2017.75.  

Patel SG, Carty SE, McCoy KL, Ohori NP, LeBeau 

SO, Seethala RR, et al. Preoperative detection of RAS 

mutation may guide extent of thyroidectomy. Surgery. 

2017;161(1):168-75. doi: 10.1016/j.surg.2016.04.054.  

Prete A, Borges de Souza P, Censi S, Muzza M, Nucci 

N, Sponziello M. Update on fundamental mechanisms 

of thyroid cancer. Front Endocrinol. 2020;11:102. doi: 

10.3389/fendo.2020.00102.  

Radkay LA, Chiosea SI, Seethala RR, Hodak SP, 

LeBeau SO, Yip L, et al. Thyroid nodules with KRAS 

mutations are different from nodules with NRAS and 

HRAS mutations with regard to cytopathologic and 

histopathologic outcome characteristics. Cancer Cyto-

pathol. 2014;122:873-82. doi: 10.1002/cncy.21474.  

Ravella L, Lopez J, Descotes F, Giai J, Lapras V, De-

nier ML, et al. Preoperative role of RAS or BRAF 

K601E in the guidance of surgery for indeterminate 

thyroid nodules. World J Surg. 2020;44:2264-71. doi: 

10.1007/s00268-020-05487-1.  

Shrestha RT, Evasovich MR, Amin K, Radulescu A, 

Sanghvi TS, Nelson AC, et al. Correlation between his-

tological diagnosis and mutational panel testing of thy-

roid nodules: a two-year institutional experience. Thy-

roid. 2016;26:1068-76. doi: 10.1089/thy.2016.0048.  

Singh RS, Wang HH. Eliminating the "Atypia of Un-

determined Significance/Follicular Lesion of Undeter-

mined Significance" category from the Bethesda Sys-

tem for Reporting Thyroid Cytopathology. Am J Clin 

Pathol. 2011;136:896-902. doi: 

10.1309/AJCPIX52MBOKTICP.  

Song Y, Xu G, Ma T, Zhu Y, Yu H, Yu W, et al. Utility 

of a multigene testing for preoperative evaluation of in-

determinate thyroid nodules: A prospective blinded 

single center study in China. Cancer Med. 2020;9: 

8397-405. doi: 10.1002/cam4.3450.  



EXCLI Journal 2024;23:283-299 – ISSN 1611-2156 

Received: January 12, 2024, accepted: February 08, 2024, published: February 15, 2024 

 

 

299 

Stence AA, Gailey MP, Robinson RA, Jensen CS, Ma 

D. Simultaneously detection of 50 mutations at 20 sites 

in the BRAF and RAS genes by multiplexed single-nu-

cleotide primer extension assay using fine-needle aspi-

rates of thyroid nodules. Yale J Biol Med. 2015;88: 

351-8.  

Stewardson P, Eszlinger M, Wu J, Khalil M, Box A, 

Perizzolo M, et al. Prospective validation of thyrospec 

molecular testing of indeterminate thyroid nodule cy-

tology following diagnostic pathway optimization. 

Thyroid. 2023;33:1423-33. doi: 

10.1089/thy.2023.0255.  

Tolaba N, Spedaletti Y, Bazzoni P, Galindez M, Ceri-

oni V, Santillan C, et al. Testing of mutations on thy-

roid nodules with indeterminate cytology: A prospec-

tive study of 112 patients in Argentina. Endocrinol Di-

abetes Nutr (Engl Ed). 2021;Jun 22:S2530-

0164(21)00143-9. doi: 10.1016/j.endinu.2021.02.009. 

Epub ahead of print. 

Valderrabano P, Khazai L, Leon ME, Thompson ZJ, 

Ma Z, Chung CH, et al. Evaluation of ThyroSeq v2 per-

formance in thyroid nodules with indeterminate cytol-

ogy. Endocr Relat Cancer. 2017;24:127-36. doi: 

10.1530/ERC-16-0512. 

Vishwanath D, Shanmugam A, Sundaresh M, Hari-

haran A, Saraf S, Bahadur U, et al. Development of a 

low-cost NGS test for the evaluation of thyroid nod-

ules. Indian J Surg Oncol. 2022;13(1):17-22. doi: 

10.1007/s13193-019-01000-w. 

West SL, Gartlehner G, Mansfield AJ. Table 7 Sum-

mary of common statistical approaches to test for het-

erogeneity. In: West SL, Gartlehner G, Mansfield AJ, 

et al. Comparative effectiveness review methods: clin-

ical heterogeneity [Internet]. Rockville (MD): Agency 

for Healthcare Research and Quality (US), 2010. 

Wu H, Zhang B, Cai G, Li J, Gu X. American College 

of Radiology thyroid imaging report and data system 

combined with K-RAS mutation improves the manage-

ment of cytologically indeterminate thyroid nodules. 

PloS One. 2019;14(7):e0219383. doi: 10.1371/jour-

nal.pone.0219383.  

Yang J, Schnadig V, Logrono R, Wasserman PG. Fine-

needle aspiration of thyroid nodules: a study of 4703 

patients with histologic and clinical correlations. Can-

cer. 2007;111:306-15. doi: 10.1002/cncr.22955.  

Zhou J, Wang WR, Zhang HF, Gao QQ, Wang WB, 

Zhu JH, et al. Molecular and clinical features of papil-

lary thyroid cancer in adult patients with a non-classi-

cal phenotype. Front Endocrinol. 2023;14:1138100. 

doi: 10.3389/fendo.2023.1138100.  

Zou M, Baitei EY, Alzahrani AS, BinHumaid FS, 

Alkhafaji D, Al-Rijjal RA, et al. Concomitant RAS, 

RET/PTC, or BRAF mutations in advanced stage of 

papillary thyroid carcinoma. Thyroid. 2014;24:1256-

66. doi: 10.1089/thy.2013.0610.

 


