
International Journal of Life Sciences Biotechnology and Pharma Research Vol. 12, No.2, April- June 2023     ISSN:   2250-3137 

450 
©2023 Int. J. Life Sci. Biotechnol. Pharma. Res. 

ORIGINAL RESEARCH 
 

Molecular Mechanism & Cytological 

Diagnosis of Thyroid Cancer and Their 

Correlation with Thyroid Hormone Profile 
 

1Dr. Anjali Yadav, 2Dr. Lubna Khan, 3Dr. Suman Lata Verma, 4Dr. Shobha Dwivedi 
 

1,2,3,4Department of Pathology, G.S.V.M Medical College, Kanpur Nagar, Uttar Pradesh, India 

 

Corresponding Author 

Dr. Shobha Dwivedi 

Department of Pathology, G.S.V.M Medical College, Kanpur Nagar, Uttar Pradesh, India 

 

Received: 24 February, 2023                 Accepted: 29 March, 2023 

 

ABSTRACT 
Thyroid cancer is the most frequently diagnosed type of endocrine cancer. Its incidence rate is rising more rapidly than that  
of any other cancer, affecting both men and women. Around 90% of thyroid cancers belong to the DTC category, with PTC 
being the most prevalent subtype, accounting for 75% of cases. The FTC subtype, on the other hand, comprises roughly 10% 
of all diagnosed thyroid cancers. The aim of this study is to analyze the cytomorphological features of various types of 
thyroid lesions and classify them according to The Bethesda System for Reporting Thyroid Cytology and to investigate the 

relationship between the thyroid hormone levels of patients and their cytomorphological characteristics. Our findings 
indicate that there is no significant correlation between the T3, T4, and TSH profile and cytological diagnosis of malignant 
thyroid lesions. Our study suggests that FNAC diagnosis and thyroid profile are independent variables.Another study, which 
involved 1500 participants, reported a noteworthy rise in the risk of malignancy among individuals with elevated TSH 
levels. The study found that malignant thyroid lesions had significantly higher TSH levels than benign ones. The likelihood 
of a thyroid lesion being malignant was 1.54 times higher in patients with elevated TSH levels. In some cases with abnormal 
T3, T4, and TSH levels, the thyroid hormone profile may be useful for symptom management.   

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution‑Non 

Commercial‑Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non‑commercially, as 

long as appropriate credit is given and the new creations are licensed under the identical terms. 

 

INTRODUCTION 

Thyroid cancer remains the most commonly 

diagnosed form of endocrine malignancy, with an 

incidence rate that is currently increasing faster than 

any other cancer type, across both genders [1, 2]. 

Recent studies indicate that the incidence of thyroid 

cancer has been rising by an average of 3.6% annually 
over the past decade [3]. In the United States, thyroid 

cancer ranks as the ninth most frequently diagnosed 

cancer, accounting for 3.8% of all malignancies, with 

an estimated 44,280 new cases reported in 2021 alone. 

Fortunately, the mortality rate for thyroid cancer is 

low, with only 0.3% of all cancer-related deaths 

attributed to this type of cancer [4, 5].  

Thyroid cancer is classified into three main types 

based on their histological features: differentiated 

thyroid cancer (DTC), which arises from the epithelial 

cells of the thyroid follicles; medullary thyroid cancer 
(MTC); and anaplastic thyroid cancer (ATC). Among 

all diagnosed thyroid cancers, approximately 90% are 

of the DTC type, with papillary (PTC) histology being 

the most common (75%), followed by follicular 

(FTC) (10%)  (Figure 1), Hurthle cells (5%), and 

poorly differentiated carcinomas (1-6%) [6, 7]. The 

incidence of MTC is relatively low, accounting for 

approximately 10% of all thyroid tumors, while ATC 

represents less than 1% of cases. Thyroid cancer is a 

relatively uncommon form of cancer, accounting for 

only 1% of all solid tumors in adults. Women are 

three times more likely than men to develop this 
disease (Figure 2), and the incidence of differentiated 

thyroid cancer (DTC) has increased by 2.4 times over 

the past 30 years. When diagnosed at an early stage, 

most DTC patients have an excellent prognosis. In 

fact, 91% of patients treated with the classical 

approach of surgery followed by radioiodine ablation 

and suppression of thyroid stimulating hormone 

(TSH) are alive 20 years after treatment. This 

highlights the importance of early detection and 

prompt treatment in achieving successful outcomes 

for patients with thyroid cancer. Unfortunately, 
patients who have differentiated thyroid cancer (DTC) 

that is resistant to radioactive iodine or those who 

have medullary thyroid cancer (MTC) or anaplastic 

thyroid cancer (ATC) face limited options for 

treatment[8-12].  
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Figure 1: Papillary and follicular thyroid cancer sub type distribution (Source with courtesy:SEER 

Explorer https://seer.cancer.gov/statistics-network/explorer/.) 

 

 
Figure 2: Thyroid cancer distribution among male and females (Source with courtesy:SEER Explorer 

https://seer.cancer.gov/statistics-network/explorer/.) 

 

At present, doxorubicin and cisplatin are the most 

commonly utilized chemotherapy drugs worldwide for 

thyroid cancer treatment. However, the clinical 

guidelines in this area do not always recommend 

routine administration of these agents. While a study 

conducted in the 1970s involving 92 thyroid cancer 
patients of all types demonstrated some efficacy of 

doxorubicin and cisplatin, the achieved progression-

free survival was only 3 months, and overall survival 

was 7 months post-treatment[13]. Currently, the 

application of chemotherapy for thyroid cancer is 

restricted to anaplastic thyroid cancer (ATC), patients 

with poorly differentiated histology and a high 

proliferation rate, or individuals who have severe 

symptoms and are not eligible for other systemic or 

local therapies[14].  

Over the past decade, there has been substantial 
progress in comprehending the molecular mechanisms 

underlying the development and advancement of 

thyroid tumors (Figure 3). For instance, 

RAS/RAF/MAPK intracellular signaling pathway 

mutations or gene rearrangements such as RET/PTC 

are mainly associated with differentiated thyroid 

cancer (DTC). Almost all medullary thyroid cancer 

(MTC) tumors related to hereditary syndromes and 

about 45% of sporadic MTC cases involve activating 

mutations in the RET gene [7]. 

Thyroid tumors are commonly distinguished by 
elevated levels of vascularization and the existence of 

specific growth factors, including vascular endothelial 

growth factor (VEGF), fibroblast growth factor 

(FGF), and platelet-derived growth factor (PDGF) 

[15]. The significance of angiogenesis in the 

development of these tumors was elucidated through 

studies showing a strong correlation between high 

levels of stromal VEGF and an increased likelihood of 

distant metastases and other markers of aggressive 

tumors [16]. Interestingly, blocking the VEGF 

pathway has been shown to directly inhibit the 
proliferation of thyroid tumor cells in culture, 

underscoring the potential of antiangiogenic drugs as 

a targeted therapy for thyroid cancer. Of particular 

note, VEGFR3 is involved in the process of 

lymphangiogenesis, which is of special interest in 

file:///C:/Users/user/Downloads/New%20folder/Dr%20Anjali%20Manu.docx%23_ENREF_13
file:///C:/Users/user/Downloads/New%20folder/Dr%20Anjali%20Manu.docx%23_ENREF_14
file:///C:/Users/user/Downloads/New%20folder/Dr%20Anjali%20Manu.docx%23_ENREF_7
file:///C:/Users/user/Downloads/New%20folder/Dr%20Anjali%20Manu.docx%23_ENREF_15
file:///C:/Users/user/Downloads/New%20folder/Dr%20Anjali%20Manu.docx%23_ENREF_16


International Journal of Life Sciences Biotechnology and Pharma Research Vol. 12, No.2, April- June 2023     ISSN:   2250-3137 

452 
©2023 Int. J. Life Sci. Biotechnol. Pharma. Res. 

papillary thyroid carcinomas that have a tendency to 

metastasize to regional lymph nodes [17].Tyrosine 

kinases play a crucial role in cellular control by 

transferring phosphate groups from adenosine 

triphosphate (ATP) to tyrosine residues of other 
proteins. Various tyrosine kinases have been 

identified in humans and are known to be involved in 

essential cellular processes such as differentiation, 

function, survival, proliferation, and cell motility. 

Currently, the molecular pathogenesis of different 

subtypes of thyroid cancer is better understood than 

ever before, and as a result, this area of research has 

become one of the busiest in the field of endocrine 

oncology. Translating laboratory discoveries into 

clinical practice, or the "bench-to-bed" transfer, is one 

of the greatest challenges in translational research. If 

successful, this could lead to thyroid tumors being 
utilized as a template for treatment plans based on the 

molecular characteristics that drive tumor progression 

and growth in each patient [18-21]. 

The etiology of thyroid cancer is still not well 

comprehended. Although age, female gender, a 

history of benign thyroid disease, exposure to ionizing 

radiation, and a family history of thyroid cancer are 

commonly acknowledged risk factors, recent studies 

indicate that increased body weight and height may 

also raise the risk of thyroid cancer [22]. 

Thyroid cell growth and function are regulated by 
thyroid-stimulating hormone (TSH), a major growth 

factor. The production and secretion of thyroid 

hormones, such as triiodothyronine (T3) and 

thyroxine (T4), are controlled by TSH [23]. Blood 

levels of thyroid hormones have a negative feedback 

effect on TSH levels via the pituitary gland. Studies 

conducted on mice have shown that elevated TSH 

levels are linked to the development of papillary 

thyroid carcinoma (PTC) [24]. Patients with 

differentiated thyroid cancer (DTC) are currently 

recommended to have their TSH levels suppressed, 

which has been shown to improve survival [25]. 
Thyroid hormones have been linked to tumor growth 

in various types of cancers, such as breast, pancreatic, 

ovarian, and prostate cancers. However, the results of 

epidemiological studies investigating the relationship 

between thyroid hormones and TSH levels and the 

risk of thyroid cancer have been inconclusive. 

Most early studies suggested a higher risk of thyroid 

cancer with increased levels of thyroid-stimulating 

hormone (TSH), but some studies did not find a 

significant association, and one even reported a 

decreased risk [24]. However, all studies that found a 
positive link between TSH and thyroid cancer were 

either cross-sectional or case-control studies, raising 

concerns about the possibility of reverse causation or 

treatment effects, since TSH levels were measured 

after diagnosis.More recent prospective cohort studies 

have provided further insights. Three cohort studies 

have been conducted previously to investigate the 

association between TSH levels and thyroid cancer 

risk. Among them, one study found a significantly 

reduced risk of thyroid cancer with elevated TSH 

levels, while the other two smaller studies did not 

show a statistically significant difference in TSH 

levels between thyroid cancer cases and controls. The 

association between thyroid hormones and thyroid 
cancer risk is also unclear, with two studies showing a 

higher risk of thyroid cancer with lower thyroid 

hormone levels, while the remaining five studies did 

not find a significant association [26]. 

FNAC is a widely used diagnostic tool for both 

solitary and diffuse thyroid nodules. It is a rapid, 

minimally invasive, cost-effective, and easy-to-

perform screening method. The widespread use of 

FNAC has resulted in a more than 50% reduction in 

the number of patients requiring surgery. FNAC has 

not only helped to prevent unnecessary thyroid 

surgeries for benign nodules but has also increased the 
rate of detecting malignancy in resected nodules from 

14% to 50%. However, this procedure has some 

limitations, particularly in cases of suspicious 

cytology and follicular neoplasms where its accuracy 

may be lower [27, 28]. 

The thyroid cytopathology reporting system, known 

as The Bethesda System, has established a 

standardized approach for reporting thyroid 

specimens. By utilizing The Bethesda System, 

cytopathologists are able to effectively communicate 

their interpretations of thyroid FNAC to referring 
physicians, which not only aids in clinical decision-

making but also assists in determining the most 

appropriate management plan [29, 30]. 

The objective of this study is to evaluate the 

cytomorphological characteristics of different types of 

thyroid lesions and categorize them based on The 

Bethesda System of Reporting Thyroid Cytology. 

Additionally, the study aims to determine the 

correlation between the cytomorphological features 

and the thyroid hormone status of the patients. 

 

MATERIAL AND METHODS 
This study was conducted in department of pathology, 

GSVM Medical College, Kanpur Nagar, Uttar 

Pradesh, India among 11266 patients from August 

2020 to July 2022.  The patients were explained about 

the study and confidentiality of data was ensured. The 

study was conducted on patients of all ages and 

genders who presented with complaints of thyroid 

swelling at the surgery or ENT outpatient department 

(Figure 4). 
Clinical data, including age, sex, location, size, and 

duration of thyroid swelling, were documented prior 
to fine needle aspiration cytology (FNAC). In 

addition, T3, T4, and TSH hormone levels were 

evaluated for all patients. 

FNAC was carried out using a 22 gauge needle by 

non-aspiration method, in accordance with usual 

practise. A minimum of two smears from the sample 

were made, and one dry smear stained with the 

Giemsa and another wet fixed smear with H and E 

stains, respectively (Figure 5). In the case of cystic 
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lesions, fluid was aspirated first, and then the nodule 

was aspirated again. USG guided FNAC was carried 

out in non palpable lesion. The prepared smears were 

examined by a cytopathologist, and the final diagnosis 

was classified using the Bethesda system for reporting 
thyroid cytopathology. 

The Thyroid profile was done in department of 

biochemistry. Approximately 5 ml of blood was 

withdrawn and placed in a labeled plain serum tube. 

The sample collected from patients was assayed using 

ELISA kits from Human Gesellschaft fur biochemica 
und Diagnostic Mbh Max -Planck-Ring 21, D - 6205 

Wiesbadan, Germany serozyme ELISA. 

 
Figure 3: Molecular signalling pathways of thyroid cancer 

 

 
Figure 4: Images of thyroid cancer patients investigated during present study. 

 
(a)                                             (b)                                           (c) 

(b) Figure 5: Thyroid cancer specimenstained with the Giemsa 

 

RESULTS 

11266 FNAC were done from all sites during study 

period, out of which 388 patients were from thyroid 

comprising of 3.44% of all lesions.  The most 
common age group affected was 31-40 years (27.8 %) 

followed by 21-30 with frequency of 22.6%. The least 

affected age groups were first and over sixth decade 

each comprised 5% and 7.4% respectively. Female 

preponderance was noted with M:F ratio of 1:3.4. 

Majority of cases reported in present study were in 
benign consist of 82.21% and only 3.35 % cases were 
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malignant. Case distribution as per TBSRTC was summarised in table 1. 

Table 1: Diagnosis categorization based on the Bethesda system for thyroid cytopathology (TBSRTC) 

reporting 

S No Cytological Diagnosis Percentage 

1 Non diagnostic 6.70% 

2 Benign 82.21% 

3 AUS/FLUS 3.09% 

4 SFN/FN 3.86% 

5 Suspicious for malignancy 1.28% 

6 Malignant 3.35% 

Table 2:  Thyroid function level in various pathological conditions 

 

Euthyroid condition was most commonly seen in both 

benign and malignant lesion. Majority of patients had 

benign lesion including colloid goitre, Lymphocytic 

thyroiditis, Hashimoto’s thyroiditis, of which 86.8% 

were euthyroid, 3.5% were hyperthyroid, and 9.5% 
were hypothyroid. It was noted that 86.6% cases were 

euthyroid in non-diagnostic while 80% cases were 

euthyroid in Follicular neoplasm or suspicious for 

follicular neoplasm, 85.71% cases were euthyroid in 

atypia of undetermined significance and out of 13 

cases of thyroid malignant lesion, 75% cases were 

euthyroid and 25% were hyperthyroid. 

 

DISCUSSION 

Thyroid nodules are a common issue in India, and 

there is a concern about the possibility of malignancy 
[31]. Numerous studies have examined clinical and 

biochemical factors that may be associated with 

thyroid cancer. However, the majority of thyroid 

nodules are benign and confined to a particular area. 

Only a small percentage, approximately 1%, are 

malignant, although the incidence is reportedly 

increasing each year. As a result, diagnosing thyroid 

nodules can be a challenging task. Fine needle 

aspiration cytology of the thyroid gland is now well 

established and regarded as the first line diagnostic 

tool for the assessment of diffuse and nodular thyroid 

lesions. Diagnosis categorization based on the 
Bethesda system for thyroid cytopathology reporting 

helps in the reduction of unnecessary procedures and 

is a standardized reporting approach for identifying 

diagnoseson aspirated materials[32-34]. 

Majority of the aspirations in present study resulted in 

good diagnostic yield and only 6.70 % of total thyroid 
aspirates were non diagnostic. However percentage is 

higher in comparison to the other studies. This could 

have been due to the fact that aspirations were 

performed by junior residents with lesser experience. 

Repeat aspirations can reduce the percentage of non-

diagnostic yields[35]. 

The age group with the highest number of cases was 

between 31 to 40 years, accounting for 27.83% of 

cases, while the 21 to 30-year-old age group 

accounted for 22.68% of cases. Female preponderance 

was noted with M :F ratio of 1:3.4. Geographically 
thyroid lesions are more common in Himalayan belt 

and regions consuming goitrogenic diet. Increased 

physiological demand in females makes them more 

prone to develop goitre and other thyroid lesions[36, 

37]. Therefore, much higher incidence in females with 

M:F ratio 1:8 was noted in Nepalese population. 

Variation in male-female ratio has been reported from 

different parts of India, especially in the state of 

Karnataka (M:F ratio 1:20)  due to consumption of 

non-iodised salt and sale of iodised salt having less 

quantity of iodine than stipulated. Above study was 

done on 350 cases out of which 334 (95.5%) were 
females and 16 (4.6%) were male. In concordance 

Category Number 

of cases 

Hormone 

profile 

available 

Euthyroid Hyperthyroid Hypothyroid Calcitonin 

level 

Non-diagnostic 26 15 13 (86.6%) 0 (0%) 2(13.3%) 0 

Benign lesion 319 282 245 (86.8%) 10 (3.5%) 27(9.5%) 0 

AUS 12 7 6 (85.71%) 0 (0%) 1(14.29%) 0 

SFN/FN 15 10 8 (80%) 1 (10%) 1(10%) 0 

Suspicious for 

malignancy 

5 3 3 (100%) 0 (0%) 0(0%) 0 

Papillary thyroid 

carcinoma 

6 5 4 (80%) 1(20%) 0(0%) 0 

Follicular thyroid 

caricoma 

4 4 3 (75%) 1 (25%) 0(0%) 0 

Medullary thyroid 

carcinoma 

2 2 2 (100%) 0 (0%) 0(0%) 2 

Anaplastic 

carcinoma 

1 1 0 (0%) 1 (100%) 0(0%) 0 
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with present study majority of lesions were in the age 

group of 21- 40 years.  

The conventional methods of reporting thyroid FNAC 

had some notable drawbacks owing to its variable 

standards adopted by different laboratories, creating 
confusion in some instances and hindering the sharing 

of data among multiple institutions. Adoption of 

TBSRTC by us helped to compare data with other 

studies. 

Papillary thyroid carcinoma is the commonest thyroid 

malignancy which presents as solitary thyroid nodule 

or lateral neck lymphnode. This occult malignancy is 

sometimes discovered as incidental finding during 

investigations. This calls for development of none or 

minimally invasive methods for diagnosis of thyroid 

malignancies[38].  The levels of T3, T4 and TSH 

were assessed and thyroid lesions were categorized as 
euthyroid, hyperthyroid, or hypothyroid conditions 

accordingly [39]. Euthyroid condition was most 

commonly seen in both benign and malignant lesion. 

Majority of patients had benign lesion of which 86.8% 

were euthyroid, 3.5% were hyperthyroid, 9.5% were 

hypothyroid. It was noted that 80% cases were 

euthyroid in Follicular neoplasm or suspicious for 

follicular neoplasm, while Out of 5 cases of 

suspicious for malignancy, hormone profile was 

available in 3 cases and all were euthyroid. Hormone 

profile was available in 5 out of 6 cases of Papillary 
thyroid carcinoma, in which 4 were euthyroid and 1 

were hyperthyroid, there were 4 cases of Follicular 

thyroid carcinoma, in which 3 cases were euthyroid 

and 1 case was hyperthyroid while 2 cases of 

Medullary thyroid carcinomawereeuthyroid with 

raised calcitonin level, only one case of anaplastic 

thyroid carcinoma was hyperthyroid. So out of 13 

cases of thyroid malignant lesions, 9 were euthyroid, 

3 were hyperthyroid. It was noted that 75 % of cases 

were euthyroid and only 25% of cases were 

hyperthyroid. 

In context of T3, T4 and TSH profile and cytological 
diagnosis of thyroid malignant lesions did not show 

any significant correlation.We observed that FNAC 

diagnosis and thyroid profile are two independent 

variables .The thyroid profile hormone may play role 

in symptomatic treatment modality in selective cases 

with deranged T3, T4 and TSH. 

Attempts to study correlation between thyroid 

hormones and thyroid malignancies were first 

conducted in 1999 on 1005 thyroid aspirations and no 

correlation was noted. A similar study on 117 cases, 

observed that most of the benign and malignant lesion 
including benign follicular nodule, Follicular 

neoplasm/suspicious for follicular neoplasm and 

papillary thyroid carcinoma were euthyroid. The study 

showed that there is no significant difference between 

mean T3, T4 and TSH profile and various groups of 

FNAC diagnosis.  

A study was conducted on a group of 42 patients to 

evaluate the correlation between thyroid profiles and 

FNA diagnosis. The majority of patients (83.3%) had 

nodular goitre, of which 47.6% were euthyroid. 

Among the patients with FNA diagnosis of non-

diagnostic sample, three patients (7.1%) were 

euthyroid, while 2.4% each of patients with papillary 

carcinoma and atypia were also euthyroid. However, 
the study found no significant correlation between T3, 

T4, TSH and FNA cytological diagnosis. 

Nodular goitre develops thyroid autonomy during its 

progression i.e thyroid hormone secretion becomes 

independent of levels of TSH. TSH decreases with 

age in nodular goitre due to thyroid autonomy but not 

in papillary thyroid carcinoma. The data was given by 

National Health and Nutrition Examination Survey III 

suggested that the development of thyroid autonomy 

reduces TSH levels which reduce the probability of 

mutated oncogenes, which may cause cancer that is 

clinically detectable. Comparison of the TSH levels 
between patients with papillary thyroid 

microcarcinomas and medullary cancer revealed that 

TSH is not likely involved in the oncogenesis of 

papillary thyroid cancer. We also observed that most 

of the cases (75%) of papillary thyroid cancer had 

TSH levels within normal range [40-42]. 

A similar small cohort study on 150 aspirations out of 

which 142 were females and 8 males. Majority of 

patients were in the range of 21 to 40 years (49.3%). 

141 cases were non neoplastic and only 9 cases were 

neoplastic. Maximum number of patients (92 cases) 
was found to be Euthyroid, 17 cases were 

hyperthyroid, 4 cases were hypothyroid, 23 cases had 

subclinical hyperthyroidism and 14 cases were of 

subclinical hypothyroidism.  

Studies have shown that high levels of serum TSH are 

associated with an increased risk of thyroid 

malignancy. On the other hand, treatment with 

thyroxine has been found to reduce this risk. In 

addition, higher TSH values have been linked to more 

advanced stages of thyroid cancer. Moreover, lower 

TSH levels have been associated with a reduced 

likelihood of papillary thyroid cancer. Taken together, 
these findings suggest that TSH plays a crucial role in 

the development of clinically detectable thyroid 

cancer and that levothyroxine treatment can decrease 

the risk of thyroid malignancy in patients with nodular 

thyroid disease. 

Similar study also reported significant increase in risk 

of malignancy with higher TSH levels where 1500 

patients were included. TSH levels found to be 

significantly higher in malignant lesions as compared 

to benign ones. It was 1.54 times more likely for 

thyroid lesion to be malignant when TSH levels were 
higher.  

 

CONCLUSION 

Present study noted that there is no any diagnostic role 

of T3, T4 and TSH level in association with 

cytological diagnosis of thyroid malignant lesions. We 

observed that FNAC diagnosis and thyroid profile are 

two independent variables. The thyroid profile 

hormone may play role in symptomatic treatment 
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modality in selective cases with deranged T3, T4 and 

TSH. Small sample size is a limitation of this study, 

larger studies are required. Future studies to elucidate 

the role of thyroid profile as a prognostic factor will 

be beneficial to patients. Further, Advances in 
diagnosis and treatment are contributing to better 

outcomes for patients, making it crucial to raise 

awareness of the importance of early detection and 

treatment. 

 

ACKNOWLEDGEMENT 
I acknowledge to Dr. Pravesh Verma and Dr. Navneet 

Yadav to help in referencing of manuscript.  

 

CONFLICT OF INTEREST 

"All the authors declare that they have no conflict of 

interest."  

 

References 
1. Pellegriti G, Frasca F, Regalbuto C, Squatrito S, 

Vigneri R. Worldwide increasing incidence of thyroid 

cancer: update on epidemiology and risk factors. J 
Cancer Epidemiol. 2013;2013:965212. 

2. Kim J, Gosnell JE, Roman SA. Geographic influences 
in the global rise of thyroid cancer. Nature reviews 
Endocrinology. 2020;16(1):17-29. 

3. Lim H, Devesa SS, Sosa JA, Check D, Kitahara CM. 
Trends in Thyroid Cancer Incidence and Mortality in 
the United States, 1974-2013. Jama. 

2017;317(13):1338-48. 
4. Blomain E, Berta S, Hug N, Giao D, Meola A, Binkley 

M, et al. Radiotherapy for Brain Metastases from 
Thyroid Cancer: An Institutional and National 
Retrospective Cohort Study. Thyroid : official journal 
of the American Thyroid Association. 2022;32(7):781-
8. 

5. Rivkees SA, Mazzaferri EL, Verburg FA, Reiners C, 

Luster M, Breuer CK, et al. The treatment of 
differentiated thyroid cancer in children: emphasis on 
surgical approach and radioactive iodine therapy. 
Endocrine reviews. 2011;32(6):798-826. 

6. Lang BH, Lo CY, Chan WF, Lam KY, Wan KY. 
Prognostic factors in papillary and follicular thyroid 
carcinoma: their implications for cancer staging. 
Annals of surgical oncology. 2007;14(2):730-8. 

7. Grande E, Diez JJ, Zafon C, Capdevila J. Thyroid 

cancer: molecular aspects and new therapeutic 
strategies. Journal of thyroid research. 
2012;2012:847108. 

8. Brown RL, de Souza JA, Cohen EE. Thyroid cancer: 
burden of illness and management of disease. Journal 
of Cancer. 2011;2:193-9. 

9. Miller KD, Fidler-Benaoudia M, Keegan TH, Hipp HS, 
Jemal A, Siegel RL. Cancer statistics for adolescents 

and young adults, 2020. CA Cancer J Clin. 
2020;70(6):443-59. 

10. Mazzaferri EL, Massoll N. Management of papillary 
and follicular (differentiated) thyroid cancer: new 
paradigms using recombinant human thyrotropin. 
Endocrine-related cancer. 2002;9(4):227-47. 

11. Sakorafas GH, Giotakis J, Stafyla V. Papillary thyroid 
microcarcinoma: a surgical perspective. Cancer 

treatment reviews. 2005;31(6):423-38. 
12. Correction to: 2021 American Thyroid Association 

Guidelines for Management of Patients with Anaplastic 

Thyroid Cancer: American Thyroid Association 
Anaplastic Thyroid Cancer Guidelines Task Force by 
Bible et al. Thyroid 2021;31(3):337-386; DOI: 
10.1089/thy.2020.0944. Thyroid : official journal of 
the American Thyroid Association. 2021;31(10):1606-

7. 
13. Nagaiah G, Hossain A, Mooney CJ, Parmentier J, 

Remick SC. Anaplastic thyroid cancer: a review of 
epidemiology, pathogenesis, and treatment. Journal of 
oncology. 2011;2011:542358. 

14. Green LD, Mack L, Pasieka JL. Anaplastic thyroid 
cancer and primary thyroid lymphoma: a review of 
these rare thyroid malignancies. Journal of surgical 

oncology. 2006;94(8):725-36. 
15. Ozgurtas T, Aydin I, Turan O, Koc E, Hirfanoglu IM, 

Acikel CH, et al. Vascular endothelial growth factor, 
basic fibroblast growth factor, insulin-like growth 
factor-I and platelet-derived growth factor levels in 
human milk of mothers with term and preterm 
neonates. Cytokine. 2010;50(2):192-4. 

16. Szarvas T, Reis H, Kramer G, Shariat SF, Vom Dorp 

F, Tschirdewahn S, et al. Enhanced stromal syndecan-1 
expression is an independent risk factor for poor 
survival in bladder cancer. Human pathology. 
2014;45(4):674-82. 

17. Ferrara N, Adamis AP. Ten years of anti-vascular 
endothelial growth factor therapy. Nature reviews Drug 
discovery. 2016;15(6):385-403. 

18. Cocco E, Scaltriti M, Drilon A. NTRK fusion-positive 

cancers and TRK inhibitor therapy. Nature reviews 
Clinical oncology. 2018;15(12):731-47. 

19. Yarden Y. The EGFR family and its ligands in human 
cancer. signalling mechanisms and therapeutic 
opportunities. European journal of cancer. 2001;37 
Suppl 4:S3-8. 

20. Shonka DC, Jr., Ho A, Chintakuntlawar AV, Geiger 
JL, Park JC, Seetharamu N, et al. American Head and 
Neck Society Endocrine Surgery Section and 

International Thyroid Oncology Group consensus 
statement on mutational testing in thyroid cancer: 
Defining advanced thyroid cancer and its targeted 
treatment. Head Neck. 2022;44(6):1277-300. 

21. Seibold M, Spirig JM, Esfandiari H, Farshad M, 
Furnstahl P. Translation of Medical AR Research into 
Clinical Practice. Journal of imaging. 2023;9(2). 

22. Berinde GM, Socaciu AI, Socaciu MA, Cozma A, 

Rajnoveanu AG, Petre GE, et al. Thyroid Cancer 
Diagnostics Related to Occupational and 
Environmental Risk Factors: An Integrated Risk 
Assessment Approach. Diagnostics. 2022;12(2). 

23. Fisher DA. Physiological variations in thyroid 
hormones: physiological and pathophysiological 
considerations. Clinical chemistry. 1996;42(1):135-9. 

24. Huang H, Rusiecki J, Zhao N, Chen Y, Ma S, Yu H, et 

al. Thyroid-Stimulating Hormone, Thyroid Hormones, 
and Risk of Papillary Thyroid Cancer: A Nested Case-
Control Study. Cancer epidemiology, biomarkers & 
prevention : a publication of the American Association 
for Cancer Research, cosponsored by the American 
Society of Preventive Oncology. 2017;26(8):1209-18. 

25. Wang LY, Smith AW, Palmer FL, Tuttle RM, Mahrous 
A, Nixon IJ, et al. Thyrotropin suppression increases 

the risk of osteoporosis without decreasing recurrence 
in ATA low- and intermediate-risk patients with 
differentiated thyroid carcinoma. Thyroid : official 
journal of the American Thyroid Association. 
2015;25(3):300-7. 



International Journal of Life Sciences Biotechnology and Pharma Research Vol. 12, No.2, April- June 2023     ISSN:   2250-3137 

457 
©2023 Int. J. Life Sci. Biotechnol. Pharma. Res. 

26. Bach L, Kostev K, Schiffmann L, Kalder M. 
Association between thyroid gland diseases and breast 
cancer: a case-control study. Breast cancer research 
and treatment. 2020;182(1):207-13. 

27. Brito JP, Gionfriddo MR, Al Nofal A, Boehmer KR, 

Leppin AL, Reading C, et al. The accuracy of thyroid 
nodule ultrasound to predict thyroid cancer: systematic 
review and meta-analysis. The Journal of clinical 
endocrinology and metabolism. 2014;99(4):1253-63. 

28. Sakorafas GH, Peros G, Farley DR. Thyroid nodules: 
does the suspicion for malignancy really justify the 
increased thyroidectomy rates? Surgical oncology. 
2006;15(1):43-55. 

29. Jo VY, Stelow EB, Dustin SM, Hanley KZ. 
Malignancy risk for fine-needle aspiration of thyroid 
lesions according to the Bethesda System for Reporting 
Thyroid Cytopathology. American journal of clinical 
pathology. 2010;134(3):450-6. 

30. Haugen BR, Alexander EK, Bible KC, Doherty GM, 
Mandel SJ, Nikiforov YE, et al. 2015 American 
Thyroid Association Management Guidelines for Adult 

Patients with Thyroid Nodules and Differentiated 
Thyroid Cancer: The American Thyroid Association 
Guidelines Task Force on Thyroid Nodules and 
Differentiated Thyroid Cancer. Thyroid : official 
journal of the American Thyroid Association. 
2016;26(1):1-133. 

31. Jena A, Patnayak R, Prakash J, Sachan A, Suresh V, 
Lakshmi AY. Malignancy in solitary thyroid nodule: A 

clinicoradiopathological evaluation. Indian journal of 
endocrinology and metabolism. 2015;19(4):498-503. 

32. Filetti S, Durante C, Torlontano M. Nonsurgical 
approaches to the management of thyroid nodules. 
Nature clinical practice Endocrinology & metabolism. 
2006;2(7):384-94. 

33. Sinna EA, Ezzat N. Diagnostic accuracy of fine needle 
aspiration cytology in thyroid lesions. Journal of the 
Egyptian National Cancer Institute. 2012;24(2):63-70. 

34. Cibas ES, Ali SZ. The 2017 Bethesda System for 
Reporting Thyroid Cytopathology. Thyroid : official 
journal of the American Thyroid Association. 
2017;27(11):1341-6. 

35. Yang X, Xu J, Sun J, Yin L, Guo R, Yan Z. Clinical 

value of color Doppler ultrasound combined with 
serum tumor markers for the diagnosis of medullary 
thyroid carcinoma. Oncology letters. 2021;22(1):561. 

36. Kelly FC, Snedden WW. Prevalence and geographical 
distribution of endemic goitre. Monograph series 
World Health Organization. 1960;44:27-233. 

37. Knudsen N, Laurberg P, Perrild H, Bulow I, Ovesen L, 
Jorgensen T. Risk factors for goiter and thyroid 

nodules. Thyroid : official journal of the American 
Thyroid Association. 2002;12(10):879-88. 

38. Iqbal M, Subhan A, Aslam A. Papillary thyroid 
carcinoma with tuberculous cervical lymphadenopathy 
mimicking metastasis. Journal of the College of 
Physicians and Surgeons--Pakistan : JCPSP. 
2011;21(4):207-9. 

39. Mizukami Y, Michigishi T, Kawato M, Sato T, 

Nonomura A, Hashimoto T, et al. Chronic thyroiditis: 
thyroid function and histologic correlations in 601 
cases. Human pathology. 1992;23(9):980-8. 

40. Fiore E, Vitti P. Serum TSH and risk of papillary 
thyroid cancer in nodular thyroid disease. The Journal 
of clinical endocrinology and metabolism. 
2012;97(4):1134-45. 

41. Fiore E, Rago T, Provenzale MA, Scutari M, Ugolini 

C, Basolo F, et al. Lower levels of TSH are associated 
with a lower risk of papillary thyroid cancer in patients 
with thyroid nodular disease: thyroid autonomy may 
play a protective role. Endocrine-related cancer. 
2009;16(4):1251-60. 

42. Fiore E, Rago T, Latrofa F, Provenzale MA, Piaggi P, 
Delitala A, et al. Hashimoto's thyroiditis is associated 
with papillary thyroid carcinoma: role of TSH and of 
treatment with L-thyroxine. Endocrine-related cancer. 

2011;18(4):429-37. 
 

 


