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A B S T R A C T   

Background: The adenoma-carcinoma sequence in thyroid nodules is an enigmatic phenomenon. Genomics is the 
only definitive modality to resolve this hypothesis. Adenomas and papillary carcinomas tend to have mutations 
in RAS and highly specific BRAF gene respectively. In this context, we set out study the prevalence and clinical 
significance of these somatic mutations in surgical tissue samples. 
Material and methods: This retrospective study was conducted on surgically managed thyroid nodule patients. 
Institutional ethical committee approval was obtained. Diagnosis was based on biochemical confirmation, im-
aging, fine needle aspiration cytology and later confirmed by histopathology. We selected 100 benign thyroid 
adenomas (BTA) and 100 papillary thyroid carcinoma (PTC) cases. Archived tumour tissue samples of selected 
cases were retrieved. After appropriate processing of samples, DNA extraction, cDNA preparation, PCR ampli-
fication, application of 4 sets of Primers were performed as part of mutational analysis of RAS (H-,K-,N-) and 
BRAF genes. 
Results: Homozygous mutations in N-RAS were found in 36/100 (36%) of BTA and 7/100 (7%) of PTC cases. No 
H-RAS or K-RAS mutations were found in both groups. Homozygous mutations were found in BRAF gene in 4/ 
100 (4%) of BTA cases and 52/100 (52%) of PTC cases. The differences were statistically significant. 
Conclusions: Similar N-RAS and BRAF mutations were prevalent in both benign and malignant thyroid nodules 
giving some evidence for linkage between them. Though not robust, we opine that there is possibility of 
adenoma-carcinoma sequence in thyroid nodules.   

1. Background 

Goiter and thyroid nodules due to benign adenomas (BTA) and 
papillary thyroid cancer (PTC) are very common endocrine surgical 
disorders [1–3]. The issue of adenoma-carcinoma sequence (ACS) is a 
well established phenomenon in colorectal adenocarcinoma [4,5]. But, 
this ACS is an enigmatic and debatable issue in thyroid nodules [6,7]. 
There are indirect evidences such as mixed simultaneous tumours, 
hostage theory, collision hypothesis etc., to justify this ACS [8–10]. 

Genomics is the only definitive modality to resolve this hypothesis of 
ACS. BTAs tend to have higher prevalence of RAS gene mutations and 
PTC tends to have higher prevalence of BRAF gene mutations, respec-
tively [11,12]. Genetic studies looking into their role in ACS are scanty, 
especially in the Indian population. In this context, we set out to study 
the prevalence and biological/clinical significance of these somatic 
mutations in our study population. 
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2. Material and methods 

This is a retrospective, multi-institutional collaborative study con-
ducted between departments of Endocrine surgery, biochemistry, genetics 
and anatomy. One hundred cases of BTA and 100 cases of PTC operated 
between 2011 and 2015 with minimum followup of 5 years, were included 
as study cohorts. All clinical, investigative, pathological, treatment and 
follow-up details were analysed systematically. Inclusion criteria was all 
BTA and PTC cases with histopathology of well differentiated papillary 
cancer and benign thyroid adenomas. Exclusion criteria are colloid nod-
ules, cysts, Hashimoto’s thyroiditis, follicular thyroid cancer, poorly 
differentiated thyroid cancer, anaplastic cancer, medullary thyroid cancer 
and Hurthle cell cancer; cases operated elsewhere; those with incomplete 
records and lost to follow-up cases. This study complied with the inter-
national ethical norms of the Helsinki Declaration — Ethical Principles for 
Medical Research Involving Human Subjects, 2004 [13]. Institutional 
ethical committee approval was obtained. This study has been reported in 
line with the STOCSS guidelines [14]. The study has been registered in 
Research Registry with UIN: researchregistry6239 (https://www.research 
registry.com/registernow#home/registrationdetails/5fa9ab4b72f9bb00 
16578a9c/). Informed consent was obtained from all the included mem-
bers of the cohort. 

2.1. Definitions and standards employed for this study  

(1) TNM staging of AJCC 6th edition was applied to stage all cases 
[15].  

(2) AMES (Age, Metastasis, Extrathyroidal invasion, Tumour size) of 
Cady’s risk grouping was used [16].  

(3) WHO classification was used as a guide to define and classify 
pathological types [17].  

(4) Synchronous distant metastases was defined as either clinically 
detected metastases within 6 months of surgery, confirmed by 
ultrasonography, computerized tomography (CT scan) or diag-
nosed on post radio-iodine ablation scan and metachronous me-
tastases was defined as metastasis detected after 6 months or at 
follow-up whole body post radio-iodine scans (WBRI) 

2.2. Abbreviations used in this study 

BTA = benign thyroid adenomas; DTC = follicular cell derived 
differentiated thyroid cancer; PTC = Papillary thyroid cancer; ETI =
Extrathyroidal invasion; EFS = Event free survival; OS = Overall 
survival. 

2.3. Genetic methodology 

Archived thyroidectomy tissue samples of selected cases were 
retrieved for genetic analysis. After appropriate processing of thyroid 
tissue samples, DNA extraction and cDNA preparation was done. DNA 
quality was checked by agarose gel electrophoresis for any degradation 
or RNA contamination. DNA was quantified by spectrophotometric 
method with absorbance at 260 nm and 280 nm. The isolated DNA 
samples were stored at 4 ◦C for genetic analysis later. Polymerase chain 
reaction (PCR) was used to amplify the fragments of target genes from 
the isolated DNA. Cycling conditions were 95 ◦C for 5 min (one cycle); at 
95 ◦C for 40 s, at 55 ◦C for 40 s, at 72 ◦C for 60 s (for 35 cycles), and final 
extension at 72 ◦C for 10 min using one pair of primers annealing at 
regions of interest. We used four sets of primers depending on number of 
screened single nucleotide polymorphisms (SNPs) – 1 set for BRAF gene 
and three sets for RAS gene (N-, H-, K-). Each set consisted forward and 
reverse reading frames. Full set of primer sequences are shown in 
Table 1. The quality of PCR products was checked with agarose gel 
electrophoresis. Nucleotide sequences of all amplified PCR products 
were determined in both orientations by direct sequencing with an 
Applied Biosystems 3730XL Sequencer (Macrogen, Seoul, South Korea). 

The results were analyzed using Bio-Edit (version 7.1.3), (Ibis Bio-
sciences, Carlsbad, CA, USA for Bio-Edit Applied Biosystems Co. for 
Sequence scanner NCBI. NLM). NIH [National Library of Medicine. 
National Institute of Health] and Nucleotide database for Nucleotide 
blast program. Two types of mutations were looked for – known (mu-
tations already reported in the database of SNPs) and unknown (muta-
tions never reported before). Known mutations and single nucleotide 
polymorphisms (SNPs) were analyzed with restriction fragment length 
polymorphism analysis. Transcriptomic sequencing of exonic segments 
of above genes, are analyzed. For unknown or novel mutations, we 
planned to select hotspots on sequencing and study them. The structural 
and functional analysis of the gene segments consisting mutations, was 
performed. 

2.4. Statistical analysis 

Statistical analysis was performed using IBM SPSS software. 
Descriptive statistics were analyzed with t-test and Chi-square tests. 
Univariate and multivariate analysis were done using general linear 
model. P value of <0.05 was taken as statistically significant probability 
cutoff. 

3. Results 

Mean follow up in PTC and BTA were 62 ± 21.5 months (60–123) 
and 54.5 ± 19 months, respectively. Mean age and gender ratio were 41 
± 12 years (19–57); M:F = 1:1.3 and 43 ± 10.5 years (26–65); M:F =
1:1.6 in PTC and BTA, respectively. Total thyroidectomy was performed 
in 96% and hemithyroidectomy in 4% cases of PTC. Hemithyroidectomy 
and total thyroidectomy was performed in 80% and 20% cases of BTA, 
respectively. No cases of permanent hypoparathyroidism or recurrent 
laryngeal nerve palsy were noted in postoperative period. Frequency 
distribution and statistical significance of various clinical, investigative 
and treatment parameters are detailed in Table 2. The number of sub-
jects according to TNM group staging were 49%, 19%, 23% and 8% in 
PTC. According to AMES risk stratification, high risk to low risk cases 
ratio in PTC was 1.7:1. 

Histopathology was classical, follicular variant and tall cell variant in 
82%, 12% and 6% of PTC cases, respectively. In BTA, all were benign 
follicular adenomas. There was a tiny subset of four cases of PTC, there 

Table 1 
Details of Primer sequences.  

Gene Primers Annealing 
Temperature 

Size of 
the PCR 
product 

BRAF FP: 5′GCTTGCTCTGATAGGAAAATGAG-3′ 56 ◦C 237 bp 
RP: 5′GATACTCAGCAGCATCTCAGG-3′

KRAS FP: 5′-GGCCTGCTGAAAATGACTGA-3′ 52 ◦C 81 bp 
RP: 5′-TAGCTGTATCGTCAAGGCAC-3′

HRAS FP: 5′-TGA GGA GCG ATG ACG GAA-3′ 52 ◦C 133 bp 
RP: 5′-GCG CTAGGC TCA CCT CTA T-3′

NRAS FP: 5′-CCT GTT TGTTGG ACA TAC TG-3 52 ◦C 143 bp 
RP: 5′-CCT GTA GAG GTT AAT ATCCG-3′

Table 2 
Comparative significance and frequency of clinical, treatment variables.  

Variable PTC BTA P value 

Age (in years) 41 ± 12 (19–57) 43 ± 10.5 (26–65) 0.115 
Sex ratio (M:F) 1:1.3 1:1.6 0.626 
Lymphadenopathy 30% NA NA 
Tumour size (in cm) 3.9 ± 0.9 4.3 ± 1.2 NA 
Total thyroidectomy 96% 80% 0.08 
Hemithyroidectomy 80% 20% 0.034 

NA = Not applicable. 
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was co-occurrence of adenoma in the excised nodular goiter. Radio- 
iodine ablation was utilized in 45% (PTC) of cases. Nodal recurrence 
(PTC = 3%) and systemic metastasis was 3% in PTC (synchronous = 3%; 
metachronous = 0%). Five year event free survival (EFS) and overall 
survival (OS) was 95% and 100% in DTC, respectively. Among AMES 
and TNM variables, only metastases affected EFS (P value =< 0.05) and 
none affected OS. As shown in Table 3 - age of the patient, presence of 
distant metastasis and tumour size, but not ETI had statistically signif-
icant effect on overall survival and recurrence free survival. 

Homozygous mutations in N-RAS gene were found in 36/100 (36%) 
of BTA and 7/100 (7%) of PTC cases. No H-RAS or K-RAS gene muta-
tions were found in both groups. Homozygous mutations were found in 
BRAF gene in 4/100 (4%) of BTA cases and 52/100 (52%) of PTC cases. 
The differences were statistically significant. In the subgroup with both 
BTA and PTC, similar type of N-RAS, BRAF gene mutations was found 
from both areas in three cases of this subgroup. As detailed in Table 4, 
the extrathyroidal invasion, lymphadenopathy rate and mean tumour 
size were more in BRAF positive > BRAF negative PTC cases, reaching 
statistical significance, suggestive of an aggressive tumour biology in 
BRAF positive PTC. Prognostic parameters such as age of the patient, 
metastasis rate, recurrence rate and survival rates were not statistically 
significant between BRAF positive and BRAF negative PTC cases. 
Representative illustrations of gene mutation sequences are shown in 
Figs. 1 and 2. No novel mutations were found in our study. 

4. Discussion 

Goiter and thyroid nodules constitute a significant epidemiological 
burden, globally [18,19]. Though, there are protean causes of nodular 
goiters such as endemic goiter, colloid nodule, Hashimoto’s thyroiditis 
(HT) etc., benign adenoma (BTA) and papillary thyroid cancer (PTC) are 
the most common endocrine surgical disorders. The social, clinical 
impact of BTA and PTC on the patient and their family are manifold. The 
treatment of BTA is either surgical thyroidectomy or conservative 
observation and followup depending on various sonographic, cytolog-
ical gradings [20]. One of the primary concern in the management of 
BTA is when and how to intervene. The main reason for surgical inter-
vention in BTA is the potential threat of its transformation/progression 
to malignancy. PTC is the commonest endocrine and thyroid malig-
nancy. The treatment of PTC is primarily surgical thyroidectomy with or 
without adjuvant radioiodine therapy, based on clinico-pathological 
stage/grade [20]. 

The clinicians, endocrinologists, oncologists, surgeons, pathologists 
and endocrine surgeons are intrigued with the comparative tumour 
biology between BTA and PTC. Evolution of genetic studies and ready 
availability of targeted genetic analysis opened up a new avenue to plug 
the lacunae in cancer tumour biology [21]. Genomics is one of the 
definitive modalities to resolve this conundrum [21,22]. Moreover, 
poorly differentiated cancer (PDC) and anaplastic cancer (ATC) are 
thought to arise from preexisting PTCs based on their frequent 
co-occurrence in the same tumour specimen, where they consistently 
share a driver mutations in BRAF and RAS genes [23,24]. Thyroid dif-
ferentiation score studies showed thatATC had profoundly lower mRNA 
levels of genes involved in iodine metabolism, justifying the hypothesis 
of progressive tumour biology [25,26]. 

The transformation and progression of BTA in to PTC is an enigmatic 
and debatable issue. The phenomenon of Adenoma-to-carcinoma 
sequence (ACS) in thyroid, has been speculated and investigated, since 
a long time [6,7,22]. The phenomenon of ACS is a well established 
theory in colonic adenocarcinoma. This is proven by the genetic analysis 
and in relation with familial colonic cancer syndromes such as Gardner, 
Cowden, Turcot syndromes etc., [4,5]. For instance, adenomatous pol-
yposis coli (APC) gene mutation confirmed this ACS in colonic cancer 
related to familial adenomatous polyposis [27]. But, there is dearth of 
robust evidence about ACS in thyroid tumour biology. There are indirect 
evidences of ACS operating in thyroid such as presence of mixed 
simultaneous tumours, common stem cell theory, hostage theory, 
collision hypothesis etc., [6,7]. Collision theory postulates that simul-
taneous multifocal origin from different cell clones, or hostage theory 
which states that adenomatous areas are sequestrated by another 
tumour type, though the exact etiology is elusive [8,9]. 

Genetic studies looking into their role in ACS are scanty, especially in 
the Indian population [28]. In this context, we set out to study the 
prevalence and biological/clinical significance of these somatic muta-
tions in our study population. BTAs tend to have higher prevalence of 
RAS gene mutations and PTC tends to have higher prevalence of BRAF 
gene mutations, respectively. RAS gene mutations are relatively rare 
(0–8%) in PTC [29], though very few studies showed a higher incidence 
of up to 45%. But, this higher frequency of RAS gene mutations were 
found only follicular variant of PTC [29,30]. In our study, we have not 
evaluated mutation frequency in various subtypes of PTC. Eighty two 
percent of our PTC cases belonged to classical variant in our cohort. The 
most common subtype of RAS gene mutation in the literature was NRAS, 
though KRAS and HRAS are found with variable frequency [29,30]. In 
our study, only NRAS gene mutation was found in all positive cases. The 
reported frequency of BRAF gene mutations in PTC was 27–65%, mak-
ing it the most common mutation [31,32]. Our study cohort had 52% 
frequency of BRAF mutation. The frequency of BRAF gene mutations is 
lower in BTA and it is proven to be specific for PTC. This fact was 
confirmed in our study, as shown by the statistically significant differ-
ences in RAS, BRAF gene mutation frequencies in BTA and PTC. We 
opine that one of main reasons for wide variations in frequency and 
pattern of mutations is the geographical and ethnic factors, apart from 
study design, genetic methodology and study cohort etc., We opine that 
BRAF gene mutation portends an aggressive tumour biology and worser 
prognosis in PTC. Further, the significant difference in tumour size, ETI, 
metastases rate, lymphadenopathy rates between BRAF positive and 
BRAF negative PTC cases shows that they are biologically different. 
Exisiting literature also supports the phenomenon, that the BRAF posi-
tive PTC are more aggressive with higher recurrence rates [33,34]. 
Strengthening this speculation is also the extrapolative evidence of ge-
netic studies suggestive of transition from DTC to PDC. They show 
increasing mutation rates of RAS, BRAF, RET-PTC, PPAR/PAX8, WNT/B 
catenin genes [35–37]. Several additional studies concluded that, RAS 
was a marker of poor prognosis, although sample size in each study was 
small and mutation testing was performed in selected patients. Another 
reason for aggressive impact of RAS in those studies was selection of 
already biologically aggressive PDC and anaplastic cancers. We cannot 

Table 3 
Analysis of prognostic factors in PTC.  

Variable UVA MVA 

Age 0.04 0.08 
Sex 0.913 0.755 
Tumour size 0.01 0.08 
ETI 0.07 0.978 
Metastases 0.009 0.01 
Lymphadenopathy 0.387 0.623 

UVA = Univariate analysis; MVA = Multivariate analysis. 

Table 4 
Prognostic significance of BRAF gene mutations in PTC.  

Variable BRAF positive PTC BRAF negative PTC P value 

Age (in years) 39 ± 10 (19–57) 42 ± 9.5 (20–58) 0.109 
Sex ratio (M:F) 1:1.3 1:1.35 0.933 
Lymphadenopathy 37% 22% 0.04 
Tumour size (in cm) 4.1 ± 0.8 2.9 ± 1.3 0.03 
ETI 41% 19% 0.02 
Metastasis rate 9.6% 6.2% 0.262 
RFS 4% 2% NA 
OS 100% 100% NA 

NA = Not applicable; RFS = recurrence survival rate; OS = overall survival rate. 
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comment on the prognostic impact of RAS, because of its low frequency, 
selection of only PTC cases and shorter followup of cases in our study. 

Inspite of various surrogate markers such as age, ETI, immunohis-
tochemistry, thyroglobulin and radioiodine avidity, we opine that the 
ultimate marker of prognostic outcome is tumour biology dictated by 
rapidity of growth, presence of distant metastasis and response to 
treatment. Few studies showed that BRAF mutations had larger tumour 
size, lymph node metastasis and poor prognosis, but RAS mutations had 
no statistically significant on prognostic outcome in PTC. Detailed 
prognostic influence of mutations was not studied in this paper, because 
the primary focus of our study is ACS and not genotype-phenotype 
correlations. However, BRAF positivity had better RFS and OS than 
RAS, but this difference was statistically not significant in this study. Our 
study, shows that specific oncoprints correlated with tumour biology 
and may in future help in predicting the phenotypes of BTA, which may 
progress to PTC through ACS pathway. 

Thus studying the relevant gene mutations in BTA and PTC, might 
help in better inter-institutional comparision of data, auditing and 
prognostication. Clear prognostic grading based on targeted genetic 
information can also lead to optimal management and follow-up pro-
tocols. The key take away messages of this study are targeted genetic 
analysis of BRAF and RAS genes, genetic analysis in histopathologically 
confirmed tissues rather than cytology specimen, simultaneous similar 
mutations in BTA and PTC areas in mixed tumours, comparision of 
various clinical parameters, emphasis on possible ACS, first of its kind 
study from India. The challenges encountered in this study are retro-
spective design, shorter follow-up, no reliable preoperative prognostic 
markers necessitating individualized treatment on case to case basis. 
But, these drawbacks are ubiquitous with any thyroid nodule/cancer 

studies. We tried to minimise their impact by performing targeted gene 
analysis in histopathologically confirmed tissues with specific emphasis 
on ACS. Thus we need larger studies (preferably prospective randomised 
controlled trials) with longer follow-up from widely different 
geographical areas to establish and utilize our findings. Though, the 
confirmation of progressive ACS is sub-optimal through this study, our 
genetic data provisionally hints at continuous ACS operating in trans-
formation of BTA to PTC, coded by these chronologically accumulating 
molecular signatures. 

5. Conclusions 

Similar N-RAS and BRAF gene mutations were prevalent in both 
benign and malignant thyroid nodules giving some evidence for linkage 
between them. K-RAS and H-RAS gene mutations were not found in both 
the groups. Thus, we opine that there is possibility of a potential 
adenoma-carcinoma sequence in thyroid nodules. 
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Fig. 1. BRAF gene mutation found in our study - upper panel shows normal sequence; lower panel shows mutant sequence.  
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Appendix A. Supplementary data 

Supplementary data related to this article can be found at https://do 
i.org/10.1016/j.amsu.2020.11.069. 

References 

[1] Y.S. Song, J.A. Lim, Y.J. Park, Mutation profile of well-differentiated thyroid 
cancer in asians, Endocrinol. Metab. (Seoul). 30 (2015) 252–262. 

[2] N. Al-Zaher, S. Al-Salam, H. El Teraifi, Thyroid carcinoma in the United Arab 
Emirates: perspectives and experience of a tertiary care hospital, Hematol. Oncol. 
Stem. Cell. Ther. 1 (2008) 14–21. 

[3] G. Popoveniuc, J. Jonklaas, Thyroid nodules, Med. Clin. 96 (2012) 329–349. 
[4] J.H. Bortz, H. Friedrich-Nel, The adenoma–carcinoma sequence, management and 

treatment of colon cancer, in: J. Bortz, A. Ramlaul, L. Munro (Eds.), CT 
Colonography for Radiographers, Springer., Cham, 2009, https://doi.org/10.1007/ 
978-3-319-29379-0_15. 

[5] H.T. Nguyen, H. Duong, The molecular characteristics of colorectal cancer: 
implications for diagnosis and therapy (Review), Oncology. Letters 16 (2018) 
9–18. 

[6] P.R.K. Bhargav, Enigma of adenoma-carcinoma sequence in thyroid gland: an 
interesting case report of multiple pathologies with literature review, World J. 
Endocr. Surg. 8 (2016) 172–174. 

[7] P. Bhargav, K.B. Gayathri, Synchronous occurrence of anaplastic, follicular and 
papillary carcinomas with follicular adenoma in thyroid gland, Indian J. Pathol. 
Microbiol. 54 (2011) 41. 

[8] X. Matias- Guiu, Compound medullary-papillary carcinoma of the thyroid: ture 
mixed versus collision tumour, Histopathology 25 (1994) 183–185. 

[9] Y. Mizukami, T. Michigishi, A. Nonomura, S. Nakamura, M. Noguchi, 
T. Hashimoto, et al., Mixed medullary-follicular carcinoma of the thyroid occurring 
in familial form, Histopathology 22 (1993) 284–287. 

[10] M. Volante, M. Papotti, J. Roth, P. Saremasiani, E.J. Speel, R.V. Lloyd, et al., Mixed 
medullary-follicular thyroid carcinoma,Molecular evidence for a dual origin of 
tumor components, Am. J. Pathol. 155 (1999) 1499–1509. 

[11] C.K. Jung, M.P. Little, J.H. Lubin, A.V. Brenner, S.A. Wells Jr., A.J. Sigurdson, et 
al., The increase in thyroid cancer incidence during the last four decades is 

accompanied by a high frequency of BRAF mutations and a sharp increase in RAS 
mutations, J. Clin. Endocrinol. Metab. 99 (2014) E276–E285. 

[12] S. Censi, E. Cavedon, L. Bertazza, F. Galuppini, S. Watutantrige-Fernando, P. De 
Lazzari, et al., Frequency and significance of ras, tert promoter, and braf mutations 
in cytologically indeterminate thyroid nodules: a monocentric case series at a 
tertiary-level endocrinology unit, Front. Endocrinol. 8 (2017) 273. 

[13] World Medical Organization, Declaration of Helsinki, B. M. J. 313 (2004) 
1448–1449. 

[14] R. Agha, A. Abdall-Razak, E. Crossley, N. Dowlut, C. Iosifidis, G. Mathew, For the 
STROCSS group. The STROCSS 2019 guideline: strengthening the reporting of 
cohort studies in surgery, international, Journal. Of. Surgery. 72 (2019) 156–165. 
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