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Abstract 

Statement of the problem: The objectives of our study were to evaluate the debatable 

diagnostic role of FDG-PET/CT in predicting the risk of malignancy in follicular neoplasm 

and to build prognostic models to predict the risks of relapse and death from thyroid cancer, 

as there is no universally acceptable model valid for different histological types of thyroid 

cancers.  

 

Methods: The efficacy of FDG-PET/CT scan for predicting the risk of malignancy was 

assessed in a prospective cohort of 50 follicular neoplasms. Disease specific and relapse 

free survivals of a 2306-patient Manitoba thyroid cancer cohort were estimated by the 

Kaplan-Meier method and the independent influence of various prognostic factors was 

assessed by Cox Proportional Hazard models. Cumulative incidence of deaths and relapses 

from thyroid cancer was calculated by competing risk analysis, and was used to develop 

and validate prognostic nomograms, using R version 2.13.2 (www.r-project.org). A web-

based prognostic model was developed to predict the disease specific survival, and 

validated internally and externally on an independent patient cohort from London, Ontario. 

 

Results: FDG PET/CT had an overall accuracy of 81% in predicting risk of malignancy in 

non-Hürthle follicular cell neoplasms and 87% accuracy in distinguishing follicular and 

Hürthle cell adenomas. The age standardized incidence of thyroid cancer in Manitoba 

increased by 373% from 1970 to 2010, with the proportion of papillary cancers increasing 

from 58% to 85.9%, and that of anaplastic cancer falling from 5.7% to 2.1% (p<0.001). 
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The disease specific survival was adversely influenced by anaplastic histology, male 

gender, stage IV disease, incomplete surgical resection and age at diagnosis, during a 

median follow-up of 11.5 years. Prognostic nomograms were designed to predict the 

individualized 10-year risks of death and relapse from thyroid cancer, with their respective 

concordance indices of 0.92 and 0.76. A web-based model was successfully developed and 

externally validated with excellent discrimination. It compared favorably with the existing 

staging/risk stratification systems. 

 

Conclusions: FDGPET/CT has a very good accuracy of predicting risk of malignancy in 

non-Hürthle follicular cell neoplasms. We have successfully developed and validated 

prognostic nomograms and a web model for predicting oncological outcome of thyroid 

cancer. 
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Chapter 1 

Introduction  

 Thyroid cancers represent a conglomerate of different histological types that have 

diverse clinical behavior. According to the global cancer statistics, thyroid cancer is the 

most common malignant endocrine tumor (1). It is the fastest growing cancer in Canadian 

Cancer Statistics 2015 with an estimated age standardized incidence rate (ASIR) of 

14.9/10000 in 2015. ASIR has been increasing at the rate of 6.3% per year in males since 

2001 and by 4.4% per year in females (2005-2010) (2). Although the incidence of thyroid 

cancer has been rising, it had an excellent 5-year relative survival ratio of 98% in 2011 (3). 

Patients with well differentiated thyroid cancers (WDTC), papillary (PTC) and follicular 

(FTC), typically have an excellent survival, whereas those with poorly differentiated 

(PDTC) and anaplastic thyroid cancers (ATC) have a very poor outcome.  

 

Fine-Needle Aspiration Biopsy (FNAB) is the mainstay in diagnosis of thyroid 

cancer. The Bethesda system currently used to report thyroid cytopathology assessments 

has six diagnostic categories: (a) inadequate or non-diagnostic, (b) benign or hyperplastic, 

(c) atypia of undetermined significance/follicular lesion of undetermined significance, (d) 

follicular (FN) or Hürthle cell variant (HCN), (e) suspicious for malignancy, and (f) 

malignant (4, 5). FN and HCN are considered as an “indeterminate cytology” group in the 

Bethesda Classification (4, 6). FN represent a cluster of follicular adenoma (FA), follicular 

variant of papillary carcinoma (FVPTC), and FTC as outlined in Figure 1. Similarly, HCN 

could be benign Hürthle cell adenomas (HCA) or malignant Hürthle cell carcinoma. Both 
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HCN and FN are diagnostic challenges in the pathology assessment on frozen sections and 

FNAB, as a comprehensive assessment of capsular invasion is required. This often results 

in a second surgery (completion thyroidectomy) for the patients after the diagnosis of 

malignancy on paraffin sections.  

 

 

 

 

 

 

 

 

 

Figure 1: Classification of follicular neoplasms. 

This classification is based on capsular invasion and nuclear changes. Capsular invasion 

distinguishes malignant follicular neoplasms shown in red (carcinoma) from benign ones 

shown in green (adenoma). Nuclear changes in malignant neoplasm helps in characterizing 

them as FVPTC or FTC. 

 

The differentiation between the FN and HCN is made by identification of 

predominantly Hürthle cell populations on histopathological examination. The risk of 

malignancy in FN and HCN ranges from 15-30% with a higher risk associated with Hürthle 

cell variants (7). HCA are thought to be more aggressive than FA and may require an expert 

Capsular invasion No invasion 

FTC (9%) FVPTC (25%) 

Nuclear changes of PTC 

Present Absent 
 

Adenoma 

FN 
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thyroid pathologist for differentiating it from Hürthle cell carcinoma (8-10). If the 

malignant FN (minority) could be differentiated from benign FA (majority) by FNAB, 

these patients could directly be taken up for one-time total thyroidectomy, thereby avoiding 

a second surgery, and additional healthcare costs. [18F]-2-fluoro-2-deoxy-d-glucose 

(FDG) positron emission tomography/ computed tomography (PET/CT) scan has been 

used to discriminate benign and malignant follicular/ HCN with variable results and is not 

recommended for routine evaluation of thyroid nodules with indeterminate cytology (11, 

12) as only about 40% of FDG-PET positive FN are thought to be malignant. Pooled 

sensitivity and accuracy of FDG-PET scan are reported to be 95% (95% confidence interval 

[95% CI]: 86%-99%) and 60% (95% CI: 53%-67%), respectively (11). Oncocytic 

adenomas (HCA) can masquerade as metastatic cancers due to their increased FDG uptake 

on PET/CT (13).  

 

   Survival in thyroid cancer is significantly influenced by a variety of factors, such 

as age, gender, histological type, stage of presentation and treatment. These factors have 

been incorporated into various staging/ prognostic scoring systems (14-28) to predict the 

oncological outcome of thyroid cancer. Most of these staging/ prognostic scoring are 

applicable only to the differentiated thyroid cancers (16-28) and provide stratified group 

risks rather than individualized risks. We have earlier reported that these prognostic factors 

can be incorporated in nomograms to provide visual explanation for predicted probabilities 

of an outcome as obtained by statistical predictive models that calculate the cumulative 

effect of weighted variables on the probability of that outcome (29). A nomogram can be 
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applied across different histological types to generate a numerical probability of an 

individual’s clinical outcome, based on his/ her risk assessment. Nomograms have been 

used in prostate, lung, pancreas, breast, stomach, renal cancers and for sarcomas to predict 

treatment outcomes (30-37). Recently, a nomogram based on the Surveillance, 

Epidemiology, and End Results (SEER) database was developed to predict survival in 

thyroid cancer with inherent limitations like the lack of treatment and relapse details (38). 

In a busy clinical practice, the use of a paper nomogram to calculate the likely oncological 

outcome is both challenging and time consuming. Its reach to the global population is also 

very limited. A web-based computerized prognostic model to predict the probability of 

disease specific survival (DSS) is one such tool to overcome this limitation. This model 

can generate the numerical probability of oncological outcomes based on the cumulative 

effect of various prognostic factors (weighted by hazard ratio [HR]). It can be used for 

health care professionals anywhere in the world. 

 

Most thyroid cancers have an indolent course and many failures take place years 

after diagnosis and initial treatment. Prolonged follow-up and low attrition of cohort are 

critical for testing the validity of a prognostic model (29). For a computerized prognostic 

model to be widely applicable it should be derived ideally from population-based data or 

from multi-institutional data. The population-based thyroid cancer cohort in Manitoba 

provides us with this unique opportunity, as CancerCare Manitoba is the sole tertiary 

cancer care center in the province of Manitoba with a population of about 1.2 million. Such 
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a model will not only be applicable to the population of Manitoba but will also be available 

for external validation at different institution and different population groups (29). 

 

1.1 Goals  

 The goal of this study was to evaluate the efficacy of FDG PET/CT scan for 

predicting the risk of malignancy in indeterminate thyroid nodules, and to develop and 

validate models to predict the individualized oncological outcome of thyroid cancer. 

 

1.2 Hypotheses 

Hypothesis 1: FDG-PET /CT characteristics can be used to distinguish between benign 

and malignant indeterminate thyroid nodule.  

Hypothesis 2: Prognostic markers can be used to develop models for predicting 

oncological outcome of thyroid cancers. 

 

1.3 Specific Aims 

Aim I: To assess the diagnostic role of FDG-PET /CT in differentiating between benign 

and malignant FN/HCN. 

Aim II:  To perform epidemiological analysis of prognostic markers in thyroid cancers. 
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Chapter 2 

Literature Review 

2.1 Anatomy and physiology of the thyroid gland 

The thyroid gland is a butterfly-shaped organ that surrounds the anterior surface of 

the trachea and overlies the trachea-esophageal groove in the central compartment of the 

neck. It is made up of aggregates of colloid filled, flat -to-cuboidal follicular epithelial cells 

that line spherical follicles 50–500m in diameter (39). Para-follicular calcitonin 

producing C cells are present at the junction of the upper and middle third of both thyroid 

lobes. They are located in a para-follicular location. The main functions of the thyroid 

gland are synthesis, storage and secretion of thyroid hormones, L-tri-iodothyronine (T3) 

and L-thyroxine (T4), under the control of the hypothalamic–pituitary axis. Thyrotropin-

releasing hormone (TRH) is secreted from the hypothalamus. It stimulates the release of 

thyroid-stimulating hormone (TSH) from the anterior pituitary gland (39). Thyroglobulin 

(Tg) is synthesized and stored in the thyroid follicles as colloid providing a tyrosine-rich 

backbone for tyrosine iodination and iodotyrosyl coupling during T4 synthesis. T4 and T3 

are released into the bloodstream after endocytosis and digestion of Tg. Serum 

thyroglobulin is used as a biochemical marker to identify relapse of WDTC. There is no 

role of preoperative Tg estimation in the diagnosis of thyroid cancer as it can be elevated 

in many benign thyroid diseases (12, 40) The sodium-iodide symporter (NIS) is an intrinsic 

plasma membrane protein that mediates active transport of iodide into the follicular thyroid 

cells (41). Subsequent iodide accumulation allows for effective therapeutic application of 
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radioactive iodine (RAI) and diagnostic thyroid scintigraphy. In ATC, this diagnostic 

option is lost due to decreased expression of NIS resulting in a loss of iodide accumulation 

(41). 

 

2.2 Epidemiology of thyroid cancer 

Thyroid cancers are the most common endocrine cancer tumor (1) and accounted 

for almost 6,000 newly diagnosed cancers in Canada in 2014, thereby representing 4.9% 

of all cancers in females and 1.4% of all cancers in males (42). Palpable thyroid nodules 

are seen in about 1% of men and 5% of women living in iodine-sufficient parts of the world 

(43, 44). Thyroid cancer is seen in 7–15% of thyroid nodules depending on the age, sex, 

radiation exposure, and family history (45, 46). Thyroid cancer has the most rapidly 

increasing incidence rate amongst all major cancers, showing a rise of 6.3% per year in 

males since 2001 and 4.4% per year in females (2005-2010) (2). The estimated ASIR of 

thyroid cancer was 14.9/10000 in 2015. Overall, the ASIR of thyroid cancer has increased 

from 1.8 and 6.5 per 100,000 in 1985 in Canadian males and in females to an estimated 

ASIR of 5.3 and 22.4, respectively in 2014. One in 60 Canadian women and 1 in 193 

Canadian men will develop thyroid cancer and eventually 1 in 1351 females and 1 in 1538 

males will die because of thyroid cancer (42). Thyroid cancer is three times more common 

in females than in males (42). Although the incidence of thyroid cancer has been rising, 

this cancer had an excellent 5-year relative survival ratio of 98% in 2011 (3). However, the 

mortality rates are significantly higher in men as compared to women, largely due to late 

diagnosis and more advanced disease in men at the time of initial diagnosis (47). 
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 Primary thyroid cancers represent a conglomerate of different histological types of 

cancers arising from follicular cells (papillary, follicular and Hürthle cell cancers), 

calcitonin secreting para-follicular C cells (medullary thyroid carcinoma) and stromal 

elements (lymphoma and sarcoma) (48). Cancers arising from follicular cells can become 

de-differentiated to PDTC and ATC. Over 90% of all thyroid cancers are well-

differentiated (WDTC) with an excellent overall 10-year survival rate that exceeds 95% 

(49). MTC and ATC account for 3% and 2% of all thyroid cancers respectively, while 

primary lymphoma and sarcoma of the thyroid are very rare (50, 51). ATC is among the 

most aggressive and deadly cancers, with a median survival of less than 6 months (52).  

 

2.3 Risk factors for thyroid carcinoma 

In epidemiology, a risk factor (determinant) is a variable that is associated with an 

increased risk of disease. Any characteristic, condition, or behavior that affects a person’s 

chance of getting thyroid cancer can be considered a risk factor. It is important to 

distinguish risk factors causing thyroid cancer from those factors that are merely associated 

with this disease. According to the Bradford-Hill criteria for causal association, the 

following criteria need to be considered for cause and association (53).  

 

1. Strength of the association: For a relationship to be considered causal, a strong 

association between a risk factor and the outcome is required. 
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2. Consistency of findings: The same findings must be observed consistently across 

different population groups, in different study designs and should be reproducible at 

different times. 

3. Specificity of the association: There should be a one-to-one relationship between the 

cause and the outcome. 

4. Temporal sequence of association: The exposure to the risk factor must occur before 

the outcome under consideration. 

5. Biological gradient: There should be a dose-response relationship. The change in 

disease rates should follow from corresponding changes in the exposure. 

6. Biological plausibility: There should be a potential biological mechanism to explain the 

causation of disease by the risk factor. 

7. Coherence: The relationship should agree with the current knowledge of the natural 

history of the disease. 

8. Experiment: Introduction of exposure as well as its removal in experimental setting 

should alter the frequency of the outcome. 

9. Analogy: In some circumstances it would be fair to judge whether the association is 

causal by looking at the effect of similar factors on causality. 

  

 The risk factors for thyroid cancer could be classified as environmental risk factors 

(exposure to ionizing radiation, age at the time of irradiation, iodine content in the food), 

demographic risk factors (gender and age; geographic and ethnic variability), biomedical 

risk factors (previous history of benign thyroid disease, body mass index, and hormonal 
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factors) and genetic risk factors (familial history and associated diseases, i.e. familial 

polyposis of colon, Cowden's disease, and Carney's complex). These factors result in 

genetic alterations like the activation of oncogenes, such as serine/threonine-kinase B-type 

Raf kinase (BRAF), rat sarcoma viral oncogene (RAS), rearranged during transfection 

(RET), and neurotrophic tyrosine kinase receptor type I (NTRK1), or the silencing of tumor 

suppressor genes, i.e. phosphatase and tensin homologue (PTEN), and the tumor protein 

p53 gene (TP53).  

 

2.3.1  Environmental risk factors 

Radiation: Cancers can develop in the thyroid 3-5 years after exposure to radiation 

therapy, but most cases occur 20-40 years after exposure. The risk of developing cancer 

depends on the amount of radiation and the age of the individual. About 10% of patients 

developed thyroid cancer after childhood radiation (54) and there is a 30-50% risk of 

malignancy in thyroid nodules in patients who had radiation to the thyroid in their 

childhood (55) for diagnostic or therapeutic purposes. Usually 40-50 Gray is given for 

childhood cancers, i.e. Wilms’ tumor, neuroblastoma and lymphoma. In the past (1920-

1960), radiation treatment was used even for benign conditions, such as acne, fungal 

infections of the scalp (tinea capitis), whooping cough, an enlarged thymus gland, or 

enlarged tonsils and adenoids. The risk of radiation from diagnostic imaging in children is 

uncertain, but radiation should be avoided in children unless absolutely necessary. When 

required, the lowest possible dose of radiation should be used (56-62). 
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Accidents, like the disaster at the nuclear power plant in Chernobyl in 1986, have 

led to an increase in thyroid cancer in the population around the disaster area. Young age 

(0-5 years old) at exposure was found to be a major risk factor and iodine deficiency 

increased the risk by about 3 fold. No significant increase in the risk for thyroid cancer was 

identified for radiation doses <100 mSv. The thyroid cancers identified in the Chernobyl 

region were usually PTC. They had a short latency (4-5 years) and a higher proportion of 

RET/PTC (50-86% vs. 13-43% for sporadic PTC) and AKAP9/BRAF (11% vs. 1% for 

sporadic PTC) rearrangements (63-65). 

 

Diet: FTC is more common in areas of the world where people’s diets are deficient in 

iodine. A low iodine diet with exposure to radioactivity may also increase the risk of PTC 

(63). Cruciferous vegetables (vegetables belonging to the cabbage family, like broccoli, 

cauliflower and Brussels sprouts) may prevent dietary iodine absorption, thereby increasing 

the risk of thyroid cancer (66, 67). Diets that are high in raw vegetables other than 

cruciferous vegetables show a slightly reduced risk of thyroid cancer (68). In developed 

countries, iodine is added to table salt to make sure it is part of the diet and this reduces the 

risk of endemic goiter and thyroid cancer. Conversely, the risk of thyroid cancer is high in 

developing countries/ areas with low levels of dietary iodine or where foods are not 

fortified with iodine (68). A high consumption of cheese and butter may increase the risk 

of thyroid cancer (67). However, a review of dietary risk factors did not find any consistent 

association of thyroid cancer risk with iodine intake through fortification, fish 

consumption, or with diets high in cruciferous vegetables (69). 
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Chemical: Exposure to certain chemical elements like nitrates, bicarbonates, sulfates, 

calcium, selenium, fluoride, chloride, magnesium, boron, manganese, iron, vanadium and 

their salts as well as radon-222, that are present in high concentrations in drinking water 

from volcanic areas, have been associated with the increased risk of thyroid cancer (70). 

However, the unequivocal causal association between chemical carcinogens and thyroid 

cancer still needs to be established. 

 

2.3.2 Demographic risk factors  

Thyroid cancer is a cancer of young adults. According to the Canadian Cancer 

Statistics (2014), thyroid cancer is the most common cancer in the 15-29 years age group 

and the second most common cancer in the 30-49 years age group (42). It is seen more 

often in women than in men (71). Higher incidence of thyroid cancer in young females 

prompted the thought that estrogen increases the levels of thyroid-stimulating hormone 

(TSH) in the body that may result in increased thyroid growth (72-74). However, most of 

the studies show no link between thyroid cancer and the use of medications to suppress 

lactation, fertility drugs or hormonal replacement therapy. The association between 

reproductive factors, such as the number of pregnancies, age of the woman at her first child, 

abortions, use of oral contraceptives, menopause, age at menarche, menstrual cycle 

irregularity and the risk of thyroid cancer has been inconsistent (69). Similarly, higher body 

mass index (BMI) and taller height may slightly increase the risk of thyroid cancer, but the 

biological plausibility of this weak association is unexplained (69, 75, 76). 
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2.3.3  Biomedical risk factors  

  Patients with benign thyroid disease like Hashimoto thyroiditis, appear to be at 

greatest risk of thyroid cancer within 4 years of onset of disease and the risk remains high 

for up to 10 years (77). Increased TSH secretion is thought to be a promoting factor rather 

than an initiating factor, which explains why thyroid cancers are not more common in the 

hyperthyroid state, but an elevated TSH level increases the risk of thyroid cancer 

recurrence. Benign breast conditions are associated with a 50% increased risk of thyroid 

cancer (78). Acromegaly results from an over-production of growth hormone and insulin-

like growth factors, which may stimulate thyroid cells to grow and thereby increase the 

risk of thyroid cancer (79-82). Patient with a history of other cancers, like lymphoma, 

cancers of breast, oesophagus, and testes are also reported to be at a higher risk of thyroid 

cancer (83). 

 

2.3.4  Genetic risk factors 

  Patients with a history of thyroid cancer in their first degree relatives are at a higher 

risk of developing thyroid cancer. It is estimated that 3.2% to 6.2% of thyroid cancers can 

be explained by familial factors. Most of the familial thyroid carcinoma are PTC, and a 4 

to 10 fold increase in the incidence of PTC is reported in relatives of PTC patients (84). 

Familial PTC results from suspected genes on chromosomes 19 and 1. Familial PTC cases 

are known to have an early onset of disease and a more aggressive phenotype (85). Thyroid 

cancer is also known to be associated with a number of genetic conditions. Familial 

adenomatous polyposis (FAP) and Gardner syndrome is caused by a mutation of the 
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adenomatous polyposis coli (APC) gene that causes numerous polyps to develop in the 

large intestine and rectum as early as adolescence, along with tumors in the bone and soft 

tissues (in Gardner’s syndrome). These patients are at an increased risk for developing 

other types of cancer, including thyroid cancer. Similarly, Cowden syndrome (multiple 

hamartoma syndrome/ PTEN hamartoma tumor syndrome) results from a mutation in the 

tumor suppressor gene PTEN that causes hamartomas with increased risk of cancers of the 

thyroid (PTC or FTC), uterus and breast. Carney complex is a very rare genetic disorder 

that increases the risk of developing certain cancers, including WDTC resulting from 

defects in the gene PRKAR1A (on chromosome 17q23-q24) (48). In the same way, Werner 

syndrome, a very rare condition caused by a mutation in the WRN gene that causes rapid 

premature aging after puberty, is associated with high risk of thyroid cancer (86). 

 

 An inherited abnormal RET gene is detected in 10-20% of all medullary thyroid 

cancer (MTC) cases. When MTC occurs alone, with no evidence of tumors elsewhere in 

the endocrine system, it is called familial MTC. When MTC occurs along with other 

cancers in the endocrine system, it is called multiple endocrine neoplasia syndrome type 2 

(MEN2). There are 2 subtypes of MEN2: MEN2A – MTC occurs along with tumors in the 

adrenal glands (pheochromocytomas) and parathyroid gland tumors; MEN2B – MTC 

occurs along with pheochromocytomas and benign neuromas (tumors of nerve tissue). 

Neuromas in MEN2B commonly occur on the tongue, but they can also be found elsewhere 

on the body. In MEN2, MTC tends to develop at a young age, often during childhood or 

young adulthood, and is known to spread early. Somatic mutation of RET codon 918 in 
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exon 16 is seen in 40% to 50% of sporadic MTC and has been associated with lymph node 

metastases and decreased survival (87).  

  

2.4 Theories of thyroid carcinogenesis 

The mechanisms that prompt a thyroid cell to undergo malignant transformation 

are not well understood. Two theories have been proposed to explain this:  

 

2.4.1  Fetal thyroid cell carcinogenesis theory 

 Fetal cell carcinogenesis regards carcinogenesis as an abnormal development of 

fetal thyroid cells. According to this theory, thyroid tumor cells are generated from the 

three types of fetal thyroid cells (88, 89): thyroid stem cells, thyroblasts, and prothyrocytes 

as outlined in Figure 2. Undifferentiated thyroid cancers or ATC are believed to be derived 

directly from the thyroid stem cells, whereas WDTC, such as PTC and FTC, are mainly 

derived from the thyroblasts (undifferentiated progenitor). Even though, both PTC and 

FTC are derived from thyroblasts, the latter are regarded as the more differentiated variants. 

FA do not possess cancerous characteristics and are thought to arise from the prothyrocytes 

(differentiated progenitor). Any event like the RET/PTC and PAX8-PPARγ 

rearrangements and mutations in BRAF that prevent the differentiation of fetal thyroid cells 

can cause cancer. According to this theory, these oncogenes act as an initiator but not as a 

promoter of thyroid carcinogenesis. Cancer cells are generated directly from fetal cells 

which already possess cancerous characteristics, without undergoing further differentiation 

and de-differentiation processes. 
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Figure 2: Fetal thyroid cell carcinogenesis model of thyroid carcinoma.  

Black arrows indicate direct transformation of thyroid stem cells, undifferentiated 

progenitors (thyroblasts) and differentiated progenitors (prothyrocytes) to undifferentiated 

carcinoma, WDTC and FA. White arrows indicate normal maturation (pink colored cells) 

of stem cells to epithelial cells (thyrocyte). Light orange color of cell denotes benign 

neoplasm and the dark orange color represent malignant phenotypes. 
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2.4.2 Multistep carcinogenesis theory 

  The multistep carcinogenesis theory is based upon the premise of sequential events 

recorded during colon cancer pathogenesis (90) and proposes that most cancers are clonal 

in origin and arise from a single abnormal cell. Based on the multistep carcinogenesis 

theory, FTC are generated from FA and PTC are derived from precursor thyroid cells (91).  

PDTC and ATC may develop from PTC or FTC by de-differentiation or they may develop 

de novo without a pre-existing thyroid cancer (92-96). These clones progress as a result of 

number of inheritable alterations as summarized in Figure 3. 

 

Figure 3: Multistep carcinogenesis model of thyroid carcinoma. 

This model proposes a chain of sequential molecular events leading to thyroid 

carcinogenesis as indicated by the black arrows. Mutations initiating thyroid 

carcinogenesis are indicated by red arrows and the molecular changes leading to sequential 

progression are indicated by green arrows.  
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 In addition to the known driver mutations, such as BRAF and RAS, the Cancer 

Genome Atlas study identified three novel significantly mutated genes in PTC, namely, 

Eukaryotic translation initiation factor 1A- X-linked (EIF1AX), Protein phosphatase 

magnesium-dependent 1 delta (PPM1D) and Checkpoint kinase 2 (CHEK2). EIF1AX 

mutation could be mutually exclusive with these known driver mutations or cluster with 

RAS mutation whereas, mutation of PPM1D and CHEK2 (DNA repair related genes) could 

co-occur with them (93, 96). 

 

2.5 Signaling pathways in thyroid cancer 

The main signaling pathways involved in thyroid carcinogenesis are the mitogen-

activated protein kinase (MAPK) and phosphatidylinositol 3’-kinase (PI3K)/AKT 

pathways. Both signaling pathways are involved in the regulation of cellular proliferation, 

differentiation, and apoptosis. The activation of MAPK signaling pathway in thyroid 

cancer is initiated by binding of growth factors to receptor tyrosine kinases that dimerize 

to generate cell signals through transduction systems involving RAS, BRAF, mitogen-

activated protein kinase (MEK) and extracellular-signal-regulated kinase (ERK). Activated 

ERK translocates to the nucleus and activates/phosphorylates various transcription factors 

associated with cell division and differentiation, such as MYC and ELK1 (97). The MAPK 

pathway plays a major role in PTC development (98, 99).  

 

The PI3K family of related intracellular signal transducer enzymes phosphorylates 

the inositol ring of phosphatidylinositol. AKT is a serine/threonine kinase also known as 
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protein kinase B. Activation of PI3K/AKT plays a key role in cellular functions like cell 

proliferation and survival, by serial phosphorylation of a variety of substrates such as AKT 

and mTOR (100). A major consequence of activating PI3K/AKT signaling is the inhibition 

of cell cycle inhibitors. Genetic changes involving PI3K/AKT signaling pathways take 

place in various types of thyroid tumors, especially in FTC, radioactive iodine refractory 

metastatic PTC, ATC and less differentiated thyroid carcinomas at later stages of cancer 

progression (101), but they are rare in well-differentiated thyroid cancer (WDTC) (102). 

 

The Wnt signaling pathway also contributes to thyroid carcinogenesis via a 

canonical or Wnt/β catenin dependent pathway and a non-canonical/ β-catenin-

independent pathway. In the canonical pathway, Wnt signaling is activated by the binding 

of Wnt factors to the Frizzled (Fzd) receptor and LRP5/6 co-receptors. This reduces the 

proteasomal degradation of β-catenin (CTNNB1) and results in the nuclear binding of 

CTNNB1 to TCF/LEF transcription factors which causes the transcriptional activation of 

genes involved in proliferation. The CTNNB1 gene is located on chromosome 3p22-p21.3 

and has two main cellular functions as a regulator of cadherin-mediated adhesion and as a 

mediator of WNT/CTNNB1 signaling pathway. Binding of the non-canonical Wnt factors 

(Wnt4, Wnt11, or Wnt5A) to different Fzd receptors and the Ror2 co-receptor causes signal 

transduction by two different pathways. The Ca2+ pathway promotes the activation of 

protein kinase C (PKC) and modulates cell adhesion and motility by activating calcium-

calmodulin kinase (CamKII), and the phosphatase calcineurin (CaN). On the other hand, 

the planar cell polarity (PCP) pathway causes cytoskeleton rearrangements through 
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activation of the small GTPases RhoA and Rac and their downstream effectors Rock and 

JNK. This pathway is involved in the undifferentiated and anaplastic carcinoma (51). 

CTNNB1 exon 3 mutations and CTNNB1 accumulation in the nucleus can be identified in 

up to 25 % of  PDTC and 66 % of undifferentiated/ ATC (103). Once the process of thyroid 

carcinogenesis is initiated, tumor progression is promoted by other factors, including 

PPARcyclin D1 over-expression, p27 down-regulation, TP53 mutations and CTNNB1. 

RAS mutations can also lead to thyroid tumor progression (Figure 3). 

 

2.6  Molecular markers of thyroid cancer  

2.6.1 Genes involved in thyroid cancer 

2.6.1.1 Papillary thyroid carcinoma  

RET-PTC: The RET (rearranged during transfection) proto-oncogene on chromosome 

10q11.2 encodes a membrane-anchored tyrosine kinase receptor (104). Chromosomal 

rearrangements occur between the 3' portion of the RET gene and the 5' portion of an 

unrelated gene at early stages of tumor development to produce an aberrant RET-PTC 

protein which causes ligand-independent activation of its intracellular tyrosine kinase 

domain. There are at least 15 different RET-PTC rearrangements. RET-PTC1 and RET-

PTC3 are two most commonly identified rearrangements in PTC. RET-PTC1 and RET-

PTC3 are formed by the fusion with the H4 (histone 4) gene and the ELE1 (a transcriptional 

co-activator of the androgen receptor) gene, respectively (105-107). The aggressive variant 

PTC subtype is closely associated with the RET-PTC3 oncogene, whereas the classic PTC 

variant is associated with RET-PTC1 (77, 105). The reported prevalence of RET-PTC in 
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PTC varies significantly. RET-PTC1is the most common type reported, and accounts for 

60-70% of the rearrangements, whereas RET-PTC3 is responsible for 20-30% (108). RET-

PTC rearrangements were described in thyroid tumors associated with radiation exposure. 

A higher prevalence of RET-PTC1 has been observed in contaminated areas after the 

Chernobyl disaster (109). Point mutations in RET are associated with MTC and multiple 

endocrine neoplasia (MEN2A and 2B). This mutation is present in 20% of classic PTC 

(110). RET/PTC rearrangements and mutations in the BRAF gene are mutually exclusive 

and do not occur in the same tumor (110). 

 

BRAF: The serine/threonine protein kinase BRAF is located on chromosome 7q24, and 

has a critical role in cell signaling as a part of the MAPK signaling pathway. BRAF 

mutations have been implicated in approximately 40-45% of PTC, 10-15% of PDTC, and 

20-30% of ATC (105). Activated versions of BRAF are generated by intra-chromosomal 

inversions that fuse the kinase domain of BRAF to the NH2-terminal portion of AKAP9. 

This results in BRAF/AKAP9 fusion proteins, which are found in about 11% of Chernobyl 

patients (111). BRAF mutations are associated with impaired iodine trapping through the 

sodium iodine symporter (NIS), decreased thyroid hormone synthesis and increased serum 

TSH levels (98). A BRAF point mutation at codon 600 results in a valine to glutamate 

(V600E) exchange and causes continuous phosphorylation of MAPK pathway effectors. 

The BRAFV600E mutation is the most common genetic alteration found in thyroid cancer 

and is an independent predictor of treatment failure (112). It results in higher tumor 

recurrence, even in the patients with low-stage disease (113).  
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  The most extensively studied mutation in thyroid cancer, in different ethnic groups, 

is the BRAFV600E mutation. It has been reported to be associated with 29% to 83% of PTC 

and its variants, 10% of poorly-differentiated, and 15% of undifferentiated thyroid tumors 

(114-124). The BRAFV600E mutation is the most potent isoform in stimulating the MAPK 

pathway (125). The BRAFV600E mutation results in a 500-fold increase in activation of the 

MAPK pathway and is associated with the silencing of many thyroid-specific iodine 

metabolizing genes (126). Although the MAPK pathway is affected by many genetic 

alterations in PTC, the histological phenotype and expression profile is not necessarily the 

same among all, thereby suggesting that other pathways may be involved (110). The exact 

clinical implications of this mutation are debated. Some studies reported this mutation to 

be associated with persistent disease and death, extra-thyroidal extension, multifocality, 

presence of nodal metastases, advanced-stage disease, poor iodine uptake, and older age at 

initial presentation (110, 113, 127, 128). In contrast, other studies have failed to detect a 

significant relationship between clinical outcome and BRAFV600E mutation (127-129). 

Since the BRAF mutation is exclusive to PTC, or ATC originating from PTC, it can be 

used to aid in the diagnoses of PTC (130). This BRAF mutation was helpful in establishing 

the diagnosis of PTC in 72% of malignant samples and in 16% of indeterminate FNAB 

(131). In another study, a diagnosis was established for 5 of 15 indeterminate FNAB 

samples using the BRAFV600E mutation analysis (47). Since poorly-differentiated and ATC 

harbor the BRAF mutation rather than RET/PTC, it is believed that the BRAFV600E 

mutation may predispose PTC to de-differentiation (118). Targeted expression of BRAF 

in transgenic mice has been reported to result in de-differentiation of PTC (132). 
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NTRK1: The proto-oncogene Neurotrophic Tyrosine Kinase Receptor type 1 (NTRK1) is 

located on the q arm of chromosome 1 and encodes the high affinity transmembrane 

receptor for nerve growth factor. Constitutive activation of NTRK1 has been detected in 

several tumor types. The fusion of the 3’-NTRK1 tyrosine kinase domain to 5´ sequences 

of at least three different genes (TPM3, TPR and TFG) leads to oncogenic activation of 

NTRK1. Interestingly, PTC arising in patients with a history of exposure to elevated levels 

of ionizing irradiation do not carry these known abnormalities. Similarly, NTRK1 

rearrangements are rare in cases of sporadic PTC (133). The frequency of NTRK1 

rearrangements in post-Chernobyl papillary thyroid tumors was equivalent to that of 

sporadic tumors (134). 

 

PTEN: The protein tyrosine phosphatase family member phosphatase and tensin homolog 

(PTEN) was identified in 1997 as a tumor-suppressor gene located on 10q23.3 (135). PTEN 

inhibits PI3K signaling and, thus, suppresses AKT activity. The importance of the PTEN 

catalytic activity for its tumor suppressor function is highlighted by the fact that the 

majority of PTEN missense mutations detectable in tumor specimens target the 

phosphatase domain, and cause a loss in PTEN phosphatase activity (136). Genetic loss of 

PTEN is sufficient to induce thyroid cancer in vivo (137). Three to 10% of individuals with 

differentiated thyroid cancer are thought to carry a germ line PTEN mutation, whereas 

mutations or deletions in PTEN are rare events in sporadic thyroid cancer (138). Perhaps 

the strongest evidence in support of a role for PI3K signaling in the development of thyroid 

cancer is Cowden syndrome, where the thyroid cancer can be identified in approximately 
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two-thirds of affected individuals for this syndrome (139). PTEN also plays a critical role 

in DNA damage repair and response (137). Thus, the oncogenic potential of PTEN loss of 

function mutations may result in constitutive activation of the PI3K/AKT pathway and 

impaired DNA repair, which may contribute to the development of thyroid cancer.  

 

TP53: The TP53 gene is located on chromosome 17p13.1 and consists of 11 exons 

encoding for the nuclear phosphoprotein and tumor suppressor protein TP53 which can 

bind to specific DNA sequences and acts as a transcription factor. TP53 participates in cell 

cycle arrest in the G1 phase of the cell cycle in the context of DNA repair. TP53 is also 

involved in apoptosis (140). TP53 plays a central role in the response to DNA damage 

through its ability to activate DNA repair, arrest cell cycle progression and induce 

apoptosis. Thus, TP53 acts as an important guardian of genomic stability by preventing 

malignant transformation of thyroid cells. Mutations resulting in the loss of TP53 function 

can induce genomic instability and this leads to cancer progression. TP53 was reported to 

be mutated or absent in majority of ATC (141). Mutations in this gene result in 

angiogenesis, growth, and de-differentiation (41). Mutations in TP53 are recognized as late 

genetic events associated with the de-differentiation of a PTC to highly aggressive 

undifferentiated carcinomas. The TP53 mutation, mostly involving alterations in exons five 

to eight of the gene, occurs in approximately 17-38% poorly differentiated thyroid cancer 

and 67-88% of undifferentiated thyroid carcinoma as compared to only 0-9% of WDTC 

(142). About half of the patients with anaplastic cancer have a previous or coexistent 

differentiated thyroid carcinoma with evidence of de-differentiation from more 
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differentiated tumors and this is often associated with loss of TP53 tumor suppressor 

protein variants (143) . The re-introduction of the wild type p53 into ATC cell lines results 

in the re-differentiation of ATC with a markedly impaired tumorigenic potential (144).  

 

2.6.1.2 Follicular thyroid carcinoma 

PAX8-PPAR: The fusion of the PAX8 gene with the PPAR gene arises due to a 

(2;3)(q13;p25) translocation resulting in strong over-expression of the chimeric PAX8-

PPAR protein (105). The resultant fusion protein can probably function as a dominant-

negative suppressor of PPAR-induced gene transcription which confers anti-apoptotic 

properties (145). Alternatively, the fusion product can disrupt PAX8 transcriptional 

activity resulting in the deregulation of expression of its thyroid-specific target genes, like 

thyroglobulin, thyroperoxidase, and sodium-iodide symporter. PAX8-PPAR accelerates 

cell growth, reduces apoptosis and permits anchorage-independent, contact uninhibited 

growth in a thyroid cell line (146). PAX8-PPAR rearrangement has been found in 30-40% 

of FTC, 38% of FVPTC, 2-13% of follicular adenomas, and with lower prevalence in 

oncocytic carcinomas (105). Tumors expressing PAX8/PPAR rearrangements occur at a 

younger age. The resultant tumors are small in size with a solid appearance or nests and 

frequently have vascular invasion (105, 147).  

 

RAS: Members of the RAS family transmit signals originating from tyrosine kinase 

membrane receptors to a cascade of MAPK to activate the transcription of target genes 

involved in cell proliferation, survival, and apoptosis (148). RAS signaling through 
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downstream ERK and AKT pathways stimulate epithelial to mesenchymal transition in 

various cells (149). Constitutive activation of H-RAS, N-RAS, and K-RAS, as a result of 

mutations has been reported as markers for aggressive thyroid cancer behavior. The point 

mutations have been identified in codon 12, 13 or 61 for H-RAS, N-RAS and K-RAS, in 

codon 61 for N-RAS and H-RAS mutations and in codon 12/13 of K-RAS (150). RAS 

mutations occur in approximately 10-20% of papillary cancers, 25-30% of PDTC, 40-50% 

of ATC and 40-50% of FTC (105). These data suggest that RAS is involved in both thyroid 

cancer initiation and progression. The above mentioned RAS mutations are present in 20-

40% of follicular adenoma, 40-50% of FTC, and 10-20% of follicular variant PTC, and are 

associated with a reduction in local lymph node metastasis in favor of more distant 

metastases (151).  

 

2.6.1.3 Medullary thyroid carcinoma  

The receptor tyrosine kinase, encoded by RET proto oncogene, is normally 

expressed in developing neural crest derived tissues, including thyroid C cells. Germ line 

or somatic point mutations close to the transmembrane or in the tyrosine kinase (TK) region 

of RET contribute to thyroid C-cell carcinogenesis. RET interaction with members of the 

glial-derived neurotrophic factor (GDNF) family of ligands leads to dimerization of RET 

and activation of its tyrosine kinase activity. Downstream signaling events lead to growth 

and survival signals that are controlled by receptor occupancy and crosstalk with other 

ligand-receptor systems. RET mutations cause ligand-independent receptor dimerization 
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or constitutively activate kinase activity independent of RET dimerization. Germ line point 

mutations are seen in multiple endocrine neoplasia type II (MEN II). 

 

2.6.2 MicroRNAs and thyroid cancer 

   MicroRNAs represent a class of endogenous small noncoding RNAs of 20-24 

nucleotides that regulate gene expression at the post-transcriptional level, thereby 

regulating major cellular processes, including proliferation, differentiation, mobility and 

apoptosis (142). About 70 nucleotides long precursor microRNAs are further processed by 

the Dicer enzyme to produce shorter mature sequences about 21-24 nucleotides. MiR 

expression profiles were reported to have high diagnostic value in distinguishing thyroid 

cancer types. Microarray profiling is a technique that has been used to systematically detect 

the differential expression of microRNAs in cancer and control samples, but different 

melting temperatures of short-length microRNAs and the high sequence homology 

between microRNA family members can lead to false positive microarray results (152).  

 

  When compared with normal thyroid tissue, 32% of miRs were found to be 

consistently up-regulated and 38% were down-regulated in thyroid cancer (153). In PTC, 

seven miRs (miR-221, -222, -146, -21, -155, -181a, and -181b) were found to be up-

regulated compared with the normal thyroid, with the highest up-regulation of miR-221, -

222, and -181b. They were together termed as PTC-7-miR. The fact that miR-221 is also 

up-regulated in unaffected thyroid tissue of several PTC patients implicates that miR-221 

may be involved in early events of thyroid carcinogenesis (154). Up-regulation of miR-
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211 and miR-222 has been inversely correlated with the down-regulation of Kit receptor 

and CDKN1B (p27Kip1) protein, a key regulator of cell cycle progression (155). Cell lines 

transfected with miR-221, -222, and -21 are known to have lower levels of thyroid hormone 

receptor- (THRB), an important tumor suppressor gene (156). MiR-221 and miR-222 

were found at the highest levels in BRAF- and RAS-positive tumors and in tumors with no 

known mutations. Highest expression of miR-146b was detected in PTC with RAS 

mutations (153). In FTC, miR-196, -197, -328, -346 are up-regulated, whereas miR-339 is 

reported to be over-expressed in oncocytic variants of FTC (153). Down-regulation of miR-

30d, -125b, -26a, -30a-5p, -138 and up-regulation of the miR-17-92 cluster is seen in ATC 

(157). In MTC, 10 specific microRNAs (miR-9, miR-10a, miR-124a, miR-127, miR-129, 

miR-137, miR-154, miR-224, miR-323, and miR-370) have been reported to be up-

regulated (153). MiR-200, a key factor of the epithelial phenotype, is considered as a 

therapeutic target to reduce the rates of invasive and metastatic thyroid carcinomas (158). 

 

2.7  Diagnosis  

2.7.1 Clinical features  

  Almost half of all thyroid cancers present as asymptomatic thyroid nodules and less 

than 1% of them are hyperthyroid. In North America, 4-7% of all adults have palpable 

thyroid nodules. With the increasing use of high resolution ultrasound, 19-60% of the 

population have been found to have ultrasound detectable nodules (43, 159). Only 5-10% 

of all thyroid nodules are malignant (160), but as many as 30-50% of the thyroid nodules 

identified after childhood radiation are found to be malignant (55). Benign nodules are seen 
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more frequently in women in the 20-40 years age group and thyroid nodules are five times 

more common in women (160). Solitary thyroid nodules in males younger than 14 years 

or older than 65 years of age are suspicious for malignancy. 

 

Symptoms of thyroid cancer are due to local, regional or distant disease. A rapidly 

enlarging nodule could be malignant, although hemorrhage in a benign nodule can also 

present in the same way. Other local effects of expanding thyroid nodules and local 

invasion include hoarseness of voice due to pressure-mediated vocal cord palsy or 

infiltration of the recurrent laryngeal nerve, which runs in close proximity to the thyroid 

gland. Tracheal compression can result in stridor and tracheal invasion can manifest as 

hemoptysis. Dysphagia can indicate esophageal compression. Metastatic disease could 

present with cervical lymphadenopathy (regional metastasis) or distant metastases usually 

to the lungs (PTC) or bone (FTC).  

 

2.7.2  Ultrasonography  

Advances in the ultrasound technology have made it the imaging procedure of 

choice for thyroid nodules. Ultrasonography assists in discerning solid from cystic nodule 

and dominant nodules and multi-nodular goiters from solitary nodules. It also helps to 

identify features of malignancy such as micro-calcifications, hypo-echogenecity of a solid 

nodule, intra-nodular hyper-vascularity, taller than wide on transverse view and infiltrative 

margins or extra-thyroidal extensions (ETE). According to the 2015 American Thyroid 

Association (ATA) guidelines, solid hypoechoic nodules or solid hypoechoic components 
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of a partially cystic nodule with one or more features like irregular margins (infiltrative, 

micro-lobulated), micro-calcifications, taller than wide shape, rim calcifications with small 

extrusive soft tissue component or evidence of ETE are highly suspicious (>70–90% risk 

of malignancy). Hypoechoic solid nodules with smooth margins without ETE, taller than 

wide shape or micro-calcifications are intermediately suspicious (10–20% risk of 

malignancy). FNAB is recommended for nodules > 1 cm in the largest dimension that have 

high or intermediately suspicious sonographic features. An isoechoic or hyperechoic solid 

nodule, or partially cystic nodule with eccentric solid areas, without micro-calcification, 

irregular margin or ETE, or taller than wide shape have low suspicion of malignancy (5–

10% risk of malignancy) and FNAB is recommended for such nodules >1.5 cm. 

Spongiform or partially cystic nodules without any of the suspicious sonographic features 

described above have very low suspicion (<3% risk of malignancy) and FNA is considered 

at size >2 cm and observation without FNA is also a reasonable option. Purely cystic 

nodules (no solid component) are likely benign (<1% risk of malignancy) and a biopsy is 

not recommended (12). 

 

Ultrasonography can be used to identify and characterize cervical 

lymphadenopathy by their rounded shape, hypo-echogenicity, loss of fatty hilus, peripheral 

vascularity, calcification and cystic changes in a lymph node (161). Ultrasound guided 

FNAB is recommended for cervical lymph nodes that are sonographically suspicious for 

thyroid cancer. Ultrasound can also be used as a guide to localize nodule for fine-needle 

aspiration biopsy (FNAB) and for targeting the solid areas in a solid cystic nodule.  
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2.7.3  FDG-PET /CT scan  

 PET/CT scan involves the injection of a molecule containing a positron emitter 

radionuclide. These radionuclides are usually produced by a particle accelerator such as a 

cyclotron. The subsequently emitted radiation is detected by a scanner that can be 

incorporated into a CT image. Fluorine-18 (18F or 18F) with a half-life of 110 minutes is 

usually tagged to a glucose analogue (2-deoxy-d-glucose) to produce Fluorodeoxyglucose 

(FDG) or Fludeoxyglucose (18F). The uptake of FDG by tissues is an indicator of tissue 

glucose uptake and closely correlates with glucose metabolism in the tissue. The 

radioactivity uptake by tissues can be analysed semi-quantitatively and is expressed as 

Standardized Uptake Value (SUV):  

 

SUV= Radioactivity concentration (Ci/mL) / (Injected dose/ Body mass)(mCi/kg) 

 

The volume of interest in PET scan is divided into voxels and the maximum single-

voxel SUV is called SUVmax. It is important to distinguish between SUVmax and peak 

SUV that is defined as the average SUV within a 1 cm3 sphere centred in the highest uptake 

region of the tumor. Average SUV over the entire volume of interest is defined as the mean 

SUV. Metabolic tumor volume is the sum of estimated volumes of voxels with increased 

uptake (MTV; global MTV =volume of voxels with SUV > threshold SUV). Total lesion 

glycolysis (TLG) is the sum of the product of each lesion's MTV and the corresponding 

mean SUV over lesions within that MTV (TLG; global TLG = MTV x mean SUV) (162-

164). 
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Estimation of SUV has its own limitations (165). As FDG uptake by metabolically 

active tissue continues over time, tumor SUV will rise rapidly initially and continue to rise 

over at least several hours (time dependence), making it challenging to compare SUVs 

from one study to another, thereby making it difficult to assess the treatment response over 

a period of time if identical protocols are not used (166). SUVmax is more reliable and 

reproducible than mean SUV because of the challenge of contouring the tumor (167). 

Contouring of tumors is dependent on resolution of tomography (lower resolution image 

will have lower SUVmax) as well as background noise. As a bright voxel in the region of 

interest may give a spurious high SUVmax value it is less reliable in noisy images (168). 

Resolution depends primarily on the intrinsic resolution of the scanner, reconstruction 

filtering, and reconstruction matrix size. Even though intrinsic resolution is around 5 mm, 

most modern PET systems can reliably estimate SUVmax of lesions at least 10–12 mm in 

size. Smaller lesions appear less intense on PET scan than their true intensity because of 

limited resolution of the system. Recovery coefficient (RC) method can be used for partial 

volume correction of PET images, as described earlier (169). A RC of 1.0 indicates 

correctly displayed activity, whereas a value of 0.5 indicates that the displayed activity is 

only 50% of true activity.  

 

 Body habitus and high blood sugar can also influence the SUV values. As FDG 

does not distribute uniformly, especially in adipose tissue, obese patients have relatively 

more FDG available for uptake into tumors, which could give falsely high SUV values. 

FDG and glucose use the same uptake system, and consequently, high levels of glucose 
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competes and inhibits FDG uptake into tissue. Thus, SUV values tend to be lower if the 

glucose levels are higher. Correction of SUV by dividing by the glucose level was not 

found to improve diagnostic accuracy (170). As there is a high risk of missing out cancers 

if serum glucose is greater than 200 mg/dl, some centers use a small amount of IV regular 

insulin to lower glucose levels and wait at least one hour for insulin levels to drop back 

toward baseline before scanning (168). 

 

  Non-specific uptake of FDG glucose is often observed in metabolically active tissue 

such as brain, Waldeyer’s ring, heart, vocal cords, orbital muscles, brown fat etc. (171). It 

is a challenge to distinguish between the increased FDG uptake due to malignant and non-

malignant causes. Threshold concept and target to background ratios have been employed 

for this purpose. A cut off mean SUV of 2.5 was considered to have sensitivity of 92% and 

a specificity of 90% in distinguishing benign and malignant pulmonary nodules (166). It is 

imperative to emphasize that there is no abrupt change in the probability of malignancy at 

a threshold SUV; rather the probability of malignancy rises as the SUVmax exceeds the 

threshold and decreases as the SUVmax drops below the threshold (168). Inflammation 

due to treatment, infection or chronic inflammatory diseases can often cause a non-specific 

increase in FDG uptake and SUV. The FDG uptake also differs from site to site, and a 

single threshold value may not be valid for all malignancies. Lowe et al. used a visual 

guideline for comparing solitary pulmonary nodules to the mediastinum. Nodules with 

uptake greater than mediastinum (i.e., uptake ratio >1.0) were more likely to be malignant 

(172). The uptake of 18F-FDG in a normal gland is the same as the surrounding soft tissue 
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(171). FDG-PET under TSH stimulation is thought to be more accurate as TSH may 

stimulate FDG uptake by differentiated thyroid cancer (173, 174) 

 

 Incidental FDG uptake in thyroid can be either focal or diffuse and has been 

reported in 1-2% of patients undergoing FDG-PET or FDG-PET /CT for other reasons 

(175-177). Diffusely increased uptake in the thyroid has been reported in 0.6-3.3% of 

patients undergoing FDG-PET or FDG-PET /CT and commonly represents benign disease 

like thyroiditis (178-180). Focal FDG uptake within the thyroid gland can be associated 

with 24-36% risk of malignancy, most commonly PTC (181-185). Treglia et al. performed 

a meta-analysis of 34 studies evaluating incidental focal thyroid uptake detected by FDG-

PET /CT (n = 215,057) and found a pooled malignancy risk of 36.2% (95% CI: 33.8–

38.6%) (183). In a systematic review performed by Shie et al. on incidental focal thyroid 

uptake (n = 55,160), 62.1% of patients had benign disease, 33.2% had cancer, and 4.7% of 

diagnoses were indeterminate nodules (186). PTC was found to be the most prevalent 

thyroid malignancy (82.2%) among those who had cancer. Similarly, a meta-analysis for 

detecting recurrent MTC showed a pooled detection rate of 59%. The overall sensitivity 

was only 20-36.8% when the calcitonin level was lower than 1,000 pg/mL (187-189). The 

relatively low detection rate of disease in patients with low calcitonin levels is likely a 

result of a smaller tumor mass or microscopic disease (189). The sensitivity of FDG-PET 

/CT for MTC recurrence in patients with multiple endocrine neoplasia (MEN) type 2A 

syndrome was significantly lower (23%) (188). When patients with MEN type 2A 

syndrome were excluded, overall per-patient sensitivity of FDG-PET /CT for detecting 
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MTC lesions increased from 44.1-50%. 68Ga-d-Phe(1)-Tyr(3)-octreotide, a PET 

radiopharmaceutical highly specific for somatostatin receptors, and 18F-

dihydroxyphenylalanine have shown promising results in PET imaging in MTC (190, 191). 

FDG-PET /CT had a sensitivity of 92%, specificity of 80%, positive predictive value (PPV) 

of 92%, and negative predictive value (NPV) of 80% with an accuracy of 89% for the 

identification of Hürthle cell thyroid carcinoma (192). When WDTC dedifferentiate, they 

lose their ability to concentrate iodine, but their ability to concentrate FDG increases (193). 

ATC lesions, whether primary or metastatic, consistently show high FDG uptake (194).  

 

2.7.4 Fine-needle aspiration biopsy (FNAB)  

FNAB is the mainstay in the diagnosis of thyroid cancer and also has a role in sub-

typing thyroid malignancies. The accuracy of FNAB has increased with the use of 

ultrasound guided FNAB. An air-filled 10 cc syringe with its plunger partially retracted is 

attached to the 25-gauge needle. The nodule is immobilized with the index and middle 

fingers or thumb of the other hand and the needle is moved back & forth several times with 

a rapid, gentle, stabbing motion. The needle contents are immediately expelled onto clean 

glass slides for thin, evenly spread smears (195). At least 2, preferably, 3 punctures are 

performed to get at least six follicular cell groups; each should have 10-15 cells obtained 

from at least two aspirates of the nodule to get a diagnostic smear (161). Seven to 10% of 

FNAB are non-diagnostic and contributing factors to this rate are nodule composition, 

FNAB technique, and on-site assessment for specimen adequacy (5, 196). 
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The Bethesda system is currently used to report thyroid cytopathology assessments 

(4). The six diagnostic categories described in this system are (a) inadequate or non-

diagnostic, (b) benign or hyperplastic, (c) atypia of undetermined significance/follicular 

lesion of undetermined significance, (d) follicular or HCN, (e) suspicious for malignancy, 

and (f) malignant (4, 5). Approximately 60-70% of all thyroid FNAs reports show benign 

cytology and these carry a less than 1% risk of malignancy (5). Three to 6% of FNAB are 

reported as atypia of undetermined significance probably due to poor specimen preparation 

or the presence of minimal atypical features in a predominantly benign appearing sample 

(4, 6). Follicular or HCN on FNAB are found in 6-12% FNAB specimens (197-200), and 

carry a 20-30% risk of malignancy (6). A histological assessment of vascular and/or 

capsular invasion is required to distinguish a FTC or FVPTC from benign FA (201-203). 

This is often possible only after examination of paraffin sections post-thyroidectomy. 

Frozen section is usually inadequate to make this distinction. Specimens suspicious for 

malignancy on FNAB account for 3-5% of cases. They display some nuclear features of 

the cancer in a small number of aspirated cells but not in the majority of the sample (4, 5, 

204). Surgery is recommended in this group since the risk of malignancy is 50-75% (5). 

Finally, 3-7% of FNABs are considered malignant and require thyroidectomy, as they 

display conclusive features of malignancy with a PPV of malignancy in 100% of cases (5). 

 

FNAB samples from indeterminate thyroid nodules can be analyzed further for the 

identification of molecular markers of malignancy, like BRAF and RAS mutational status 

or by panels that include multiple genes (205, 206). As no single molecular marker can 
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definitively prove or rule out malignancy in all indeterminate thyroid nodule, Disease State 

Commentary from the AACE Thyroid Scientific Committee and a consensus statement 

from the ATA Surgical Affairs Committee recommends that molecular marker testing on 

indeterminate FNAB specimens is not intended to replace other sources of information or 

clinical judgement (12, 207, 208). A seven-gene panel of genetic mutations, miRInform 

(Asuragen), looks at 17 known genetic alterations in seven validated molecular markers 

(KRAS, BRAF, HRAS, NRAS, RET/PTC 1, RET/PTC3 and PAX8/PPAR) and 

rearrangements (BRAF, RAS, RET/PTC, PAX8/PPAR) (197, 209). Because of its high 

specificity (86%–100%) and PPV (84%–100%), it has been used as a rule-in test (197, 198, 

206, 210-212), but with a low sensitivity (44-100%) (206, 210, 212). Next-generation 

sequencing (ThyroSeq) of an expanded panel of point mutations, single base 

insertions/deletions and gene rearrangement overcomes this limitation with a reported 

sensitivity of 90% (213, 214). A next generation sequencing panel allows for simultaneous 

sequencing of 284 mutations in AKT1, BRAF, CTNNB1, GNAS (guanine nucleotide 

binding protein, alpha stimulating), HRAS, KRAS, NRAS, PIK3CA, PTEN, RET, TP53, 

andTSH receptor genes. 

 

 Use of a gene expression classifier, such as the Afirma® Thyroid FNA Analysis 

(Veracyte) (167 GEC; mRNA expression of 167 genes) categorizes thyroid nodules as 

either “benign” or “suspicious” by measuring expression of 167 genes via messenger RNA, 

thereby reducing unnecessary surgery (200, 215). Alexander et al. reported Afirma® gene 

expression classifier to have 92% sensitivity with a specificity of 52% and NPV of 93% 
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for "atypia (or follicular lesion) of undetermined clinical significance," "FN or lesion 

suspicious for FN," or "suspicious cytological findings" to be 95%, 94%, and 85%, 

respectively (216). With a high sensitivity, it has been suggested as a rule-out test to 

exclude the possibility of malignancy in indeterminate thyroid nodule.  

 

 Immunohistochemical stains, such as galectin-3, have been examined in multiple 

studies of histologically confirmed thyroid FNA samples with indeterminate cytology, with 

reports of relatively high rates of specificity (93%), but low sensitivity (78%). The 

estimated PPV and NPV for cancer detection were 82% and 91%, respectively (217). 

Nuclear Galectin-3 overexpression along with nuclear phosphoglycerate kinase 1 (PGK1) 

loss has been suggested to be a highly effective combination for distinguishing malignant 

from benign thyroid nodules on FNAB (218). Similarly, in a prospective study, 

immunohistochemical stains for Hector Battifora Mesothelia-1 (HBME-1) has shown a 

sensitivity, specificity, PPV, and NPV of 78.67%, 84.13%, 85.51%, and 76.81%, 

respectively (219). These diagnostic tests can run into thousands of dollars and thus, the 

ATA felt that until an expert consensus review of existing data can be completed, no 

evidence-based recommendation for or against their use can be made (220). 

  

2.8 Histopathology of thyroid carcinoma 

  Histology is the gold standard for diagnosis and subtyping of thyroid carcinoma. 

Diagnostic features such as the nuclear atypia, capsular and lympho-vascular invasion, 

architectural distortion, tumor embolization, and immunohistochemical profile are 
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available on histopathological examination. Histopathology also provides information on 

the prognostic features like size, ETE, lymph node positivity and completeness of resection 

(margin status). WDTC accounts for over 90% of all thyroid malignancies (221) and 

comprises of papillary, follicular, and Hürthle cell variant of follicular carcinoma in 

descending order of incidence and carries excellent prognosis (222, 223).  

 

2.8.1 Papillary thyroid carcinoma (PTC) 

PTC is the most common type of thyroid cancer. The diagnosis of PTC is based on 

the nuclear characteristics of the tumor, like having powdery to clear chromatin described 

as “Orphan Annie eye” nuclei. Cells in PTC appear to have overlapping and small nucleoli, 

nuclear grooving, an irregular “raisin-like” nuclear membrane and sometimes nuclear 

pseudo-inclusions (224). The papillary structures of the classic PTC are complex “finger-

like” projections with fibro-vascular core. There are several histological variants of classic 

PTC which include the encapsulated or the more aggressive variants, such as the tall cell, 

insular, diffuse sclerosing, columnar cell and the follicular variants (FVPTC). The 

encapsulated variant has a very low metastatic potential. The FVPTC is the most common 

variant of PTC after the classic PTC. FVPTC displays the same characteristic nuclear 

features as classic PTC, but has a follicular rather than papillary architecture (224, 225). 

FVPTC are often difficult to diagnose because of the cytological similarity to follicular 

adenoma (226). The clinical and genetic differences between classic PTC and FVPTC 

account for the more aggressive behavior of the FVPTC. It presents with a higher rate of 

central compartment lymph node metastasis and BRAF mutation (226). Encapsulated 
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FVPTC has been recently reclassified as non-invasive follicular thyroid neoplasm with 

papillary-like nuclear features (NIFTP) (227). 

 

 The more aggressive variants of PTC include tall cell, insular, diffuse sclerosing, 

and columnar cell variants. Tall cell variant is usually seen in older males and is associated 

by vascular and ETE (224). At least 50% of these PTC cells have granular eosinophilic 

cytoplasm and a height twice that of the width; they carry a poorer prognosis (224, 228, 

229). The presence of BRAF mutation in tall cell variants may account for this increased 

tumor aggressiveness (230). The diffuse sclerosing variant of PTC is usually seen in the 

young adult females, young children and adolescents who present with diffuse involvement 

of both thyroid lobes without the formation of a localized mass (231). A dominant nodule 

is present in about 50% of these cases (231). This thyroid tumor variant often coincides 

with previous or ongoing lymphocytic thyroiditis and has abundant psammoma bodies 

(circular and often micro-calcified structures), diffuse stromal fibrosis, dense lymphoid 

infiltration, extensive squamous metaplasia, and nuclei similar to classic PTC. These 

tumors appear more aggressive with higher rate of lymph node and pulmonary metastases 

but do not have increased mortality (224, 231). The columnar cell variant, an infrequent 

variant of PTC, consists of pseudo-stratified columnar cells with elongated hyper-

chromatic nuclei, as well as supra- and sub-nuclear cytoplasmic vacuoles (224). Its 

encapsulated form does not metastasize, however, the un-encapsulated form of this variant 

displays a more aggressive behavior (231).  
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 The insular variant consists of well-defined nests of tumor cells with scant 

cytoplasm and dark, round, monomorphic nuclei, cytological uniformity, hyper-cellularity, 

and scant colloid (232). These tumors are larger with higher nuclear to cytoplasmic ratio 

and lack nuclear grooving and intra-nuclear inclusions that are generally seen in classic 

PTC (232).  This is a more aggressive variant of PTC, which is considered by some as a 

poorly-differentiated form of PTC because this variant still shows radioactive iodine 

uptake, a process that does not occur in undifferentiated thyroid carcinoma. The insular 

variant is associated with aggressive features like ETE, lymph node metastasis, distant 

metastasis, and a poor prognosis (233). As their histological and biological behavior is 

intermediate between PTC and ATC in aggressiveness, they require more aggressive 

treatment involving surgery, radioactive iodine (RAI) and external beam radiation in 

selected cases for gross residual disease. 

 

2.8.2 Follicular thyroid carcinoma (FTC)  

FTC typically have micro-follicular architecture with cuboidal cells lining the 

follicles. They can be well-differentiated with normal follicles, minimal invasion and 

colloid or poorly-differentiated with solid growth pattern, no follicles, marked nuclear 

atypia, and extensive vascular and/or capsular invasion (234). The former carries excellent 

prognosis and the latter has very poor prognosis. Features consistent with PTC, such as 

psammoma bodies and nuclear changes are typically absent but they can be seen in FVPTC. 
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 FTC are more common in iodine deficient areas with underlying endemic goiters. 

Based on the extent of capsular invasion they are classified as minimally invasive follicular 

cancer with microscopic penetration of the tumor capsule without vascular invasion, while 

diffusely invasive follicular cancer extends beyond the tumor capsule into blood vessels 

and adjacent thyroid parenchyma (234, 235). Angio-invasive follicular cancer may be 

associated with distant metastases (236).  

 

2.8.3  Oncocytic (Hürthle cell) carcinoma 

  Oncocytic (Hürthle cell, or oxyphilic) variants of both papillary and FTC have been 

identified. Oncocytic variant of PTC is comprised of large polygonal cells, nuclear features 

characteristic of PTC with prominent central nucleoli and granular eosinophilic cytoplasm 

(224). The Hürthle cell type of FTC shows focal papillary architecture and presents with a 

more aggressive clinical course (235). The abundance of mitochondria within the 

cytoplasm gives it an eosinophilic granularity (224).  

 

2.8.4  Medullary thyroid carcinoma (MTC) 

Medullary thyroid carcinoma have neuroendocrine origin and arise from the para-

follicular C cells. MTC is characterized by plasmacytoid, spindle/clear cells with 

neuroendocrine nucleus arranged in organoid or trabecular (in form of rods) shape or in 

cell nests. Amyloid deposition (thyrocalcitonin) is observed in 60-80% of MTC. On 

immunohistochemistry, MTC is positive for chromogranin, calcitonin and 

carcinoembryonic antigen. 
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2.8.5   Anaplastic thyroid carcinoma (ATC) 

Anaplastic thyroid carcinoma are extensively infiltrative and characterized by 

atypical cells, either spindle, epithelioid, squamoid, giant or osteoclast-like giant cells with 

abundant atypical mitotic figures and multinucleated cells (41, 114). The spindle cell 

variants are sometimes arranged in fascicles to resemble sarcoma, while at other times they 

are arranged to resemble fibrous histiocytoma (52). The giant cell variant is more 

pleomorphic and has numerous tumor giant cells, whereas the squamoid type is 

characterized as having irregular configuration and abundant cytoplasm (52). These 

variants are described as tan white fleshy large tumors with large areas of hemorrhage, high 

mitotic activity, necrosis, marked invasiveness, and a low rate of apoptosis (237). It has 

been suggested that well-differentiated thyroid carcinoma may progress towards ATC 

through de-differentiation of insular variants of PTC or FTC and altered expression of p53 

(52). This fact is further supported by co-existing findings of differentiated thyroid cancer 

in up to 90% of ATC (52). 

 

Upon initial presentation, ATC are usually identified as rapidly growing single 

nodule or multiple nodules, often over 5 cm, with pressure symptoms and hoarseness (52). 

The diagnosis of ATC can be accurately confirmed by FNAB in 90% cases (238). Failure 

of FNAB to diagnose ATC may be due to sampling error. ATC can also be incidentally 

found in patients who have undergone surgery for a WDTC (52). For 51 ATC patients 

treated with radiotherapy for local control, the median survival was found to be 7.5 months, 

versus 1.6 months for patients without local control (239). Since many ATC patients 
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present with distant metastases, chemotherapy becomes an important player in the 

multimodal management of ATC. Regardless of the use of monotherapy (doxorubicin) or 

combination therapies (i.e. cisplatin, bleomycin, melphalan, paclitaxel), the response rates 

are very disappointing (52). Only a few patients show improvements and patients are not 

reported to have complete response, often due to development of chemoresistance (52). 

Cancer cells often utilize the oncofetal nucleoprotein high-mobility group A2 (HMGA2) 

to gain increased transformative cell plasticity, prevent apoptosis, and to enhance 

metastasis of chemoresistance (240). A combination of 8 biomarkers: thyroglobulin, bcl-

2, MIB-1, E-cadherin, p53, beta-catenin, topoisomerase II-alpha, and vascular endothelial 

growth factor are reported to successfully distinguish differentiated from anaplastic thyroid 

tumors (241). 

 

2.9   Prognostic factors in thyroid cancer 

Prognostic factors determining oncological outcome can be classified as the patient 

factors like age, gender; the tumor factors such as histology, grade, tumor size, 

multifocality, ETE, nuclear atypia, vascular invasion, tumor necrosis, DNA ploidy, lymph 

nodal and distant metastasis; and the treatment factors i.e. completeness of resection, extent 

of thyroidectomy and adjuvant RAI (15, 18, 20, 21, 27).  

 

2.9.1 Histology 

Tumor histology is one of the most important prognostic factors. Prognosis is worst 

with ATC, followed by insular carcinoma/ PDTC, and MTC. Although ATC is rare with 
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an age-adjusted annual incidence of 2 per million/year (242), its lethality is highlighted by 

the fact that out of approximately 1,200 thyroid cancer deaths in the USA in 2006, over 

50% of reported thyroid cancer deaths were due to ATC, even though ATC accounts for 

only 2% of all thyroid carcinomas (41). The aggressive variants of PTC, including tall cell, 

follicular, columnar cell, and insular variants, carry poor prognosis as compared to the 

classical PTC. Minimally invasive FTC has better outcome compared to widely invasive 

PTC. 

 

2.9.2 Age 

  Age at the onset of WDTC is a critical predictor of patient outcome (47). An age 

cut-off of 45 years is currently used by WDTC staging guidelines of UICC (18). Patients 

under this age cut-off are considered stage I, if they have no distant metastasis; and stage 

II, with distant metastasis. Any metastatic tumor in an older patient (over 45 years) is 

considered as stage IV disease. Patients above 45 years are considered to have stage III 

disease if their tumor is larger than 4 cm, has minimal ETE, or regional lymph node 

metastasis. Other studies have suggested different age cut-offs, ranging from 50 to 60 years 

(222, 243, 244). Our recent study concluded that the independent influence of age is not 

obvious until the age of 55 years (49). After the threshold age of 55 years, the DSS was 

reported to fall with increase in age. An age threshold of 55 years was found to be better 

than 45 years that is currently used in the TNM staging by us (49, 245). A large multi-

institutional study involving 9484 patients from 10 centres in the USA, Canada and Brazil 

confirmed this observation (246).  
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2.9.3 Tumor size 

The size of the tumor correlates with the prognosis for patients with thyroid 

carcinoma (18). The larger the tumor size, the more likely is the presence of loco-regional 

and distant metastases (25). Also, the risk of recurrent disease and cancer-specific mortality 

increases linearly with tumor size (47). A study by Mazzaferri et al. reported that tumors 

<1.5 cm in size had a 0.4% 30-year cancer-specific mortality rate as compared to 22% for 

tumors >4.5 cm (25). 

 

2.9.4 Gender 

  Mortality rates and recurrence rates are higher among men than women (25, 47). 

The DSS in WDTC has been reported to be independently influenced by the male gender 

(49). Males in a population cohort with WDTC had  a 50% higher risk of cancer recurrence 

and double the risk of dying of their cancer as compared to their female counterparts (49). 

 

2.9.5 Lymph node metastasis 

Thyroid cancers, especially PTC and MTC, can spread to the lymph nodes in the 

central compartment (between the two carotid arteries) and the lateral compartments of the 

neck. At the time of presentation, 15-30% of patients have clinically evident regional 

lymph node involvement. With the widespread use of ultrasonography, higher rates of 

lymph node metastasis have been reported (47, 247, 248). The clinical importance of lymph 

node metastasis is controversial with evidence showing either no difference in survival for 

patients with or without lymph node metastasis (17, 249), increased risk of recurrence (25, 
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250), or reduced survival (251). A study of the SEER database concluded that patient age 

was an important factor influencing survival for patients with lymph node metastasis. The 

patients aged < 45 years lymph node metastasis had no effect on survival as compared to a 

46% increased risk of death for patients in patients older than 45 years (p<0.001) (252).  

 

2.9.6 Extra-thyroidal extension (ETE) 

  Approximately 30% of PTC extend beyond the thyroid margins into surrounding 

musculature, recurrent laryngeal nerve, esophagus, or trachea. This is associated with high 

risk of recurrence (25, 47, 253). These tumors require aggressive surgical resection, 

radioactive iodine and possibly external beam radiotherapy (254, 255). ETE is also 

associated with an increased risk for recurrent disease, as well as higher risk of lymph node 

metastasis and a greater risk of dying of thyroid cancer (25, 256, 257). ETE is considered 

an important prognostic factor in most of the staging systems for WDTC (Table 1).  

 

2.9.7 Distant metastases 

At the initial presentation, 5-10% of patients have distant metastases and an 

additional 2.5-5% of patients will be found to have distant metastases on initial RAI (47). 

Fifty percent develop distant metastases in the lungs, 25% only in the bone, 20% have 

metastases at both sites, and about 5% develop distant metastases to other sites (258, 259). 

Distant metastasis is one of the strongest determinants of  poor survival in WDTC (49). 
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  Multitudes of risk stratification systems (Table 1) have considered distant 

metastasis as an important prognostic factor for WDTC (14-19, 21, 23-28, 260, 261). 

Metastatic PTC patients have over 50% mortality (258, 259, 262). Survival is better in 

younger patients, patients with microscopic disease, and patients with iodine-avid tumors 

(258, 262, 263). An age threshold of 45 years is currently used by the American Joint 

Committee on Cancer (AJCC)/Union Internationale Contre le Cancer (UICC) system for 

stage grouping of WDTC (18). Based on the TNM staging system, WDTC patients younger 

than 45 years with distant metastasis are considered as stage II, whereas WDTC patients > 

45 years of age with distant metastasis are considered to be stage IVC. 

 

2.10 Staging/ prognostic scoring system for thyroid cancer 

  Various staging/ risk stratification systems are developed to aid in prognostication 

of thyroid cancer patients, predicting risk of death from thyroid cancer, and in making 

decisions on post thyroidectomy adjuvant therapy. For the risk of recurrence, patients are 

stratified into three categories depending on certain criteria that could account for increased 

risk of recurrence and death of disease (161). Low-risk patients have no lymph node or 

distant metastases or <5 micro-metastases; fully resected macroscopic tumors; no tumor 

invasion of loco-regional tissues or structures; no aggressive histology (i.e. tall cell or 

insular variant) or vascular invasion or; no 131I uptake outside the thyroid bed (161, 264). 

Intermediate-risk patients have microscopic invasion of tumor into the peri-thyroidal soft 

tissues at initial surgery; cervical lymph node metastases < 3 cm or >5 micro-metastases 

or 131I uptake outside the thyroid bed (265); tumor with aggressive histology (columnar, 
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tall cell or insular variants) or vascular invasion ( >4 foci in FTC) (161). High-risk patients 

have macroscopic tumor invasion, aggressive histology, incomplete tumor resection, 

lymph nodes > 3 cm in size or distant metastases, and telomerase reverse transcriptase 

(TERT) and BRAF mutation (161).  

 

2.10.1 European Organization for Research and Treatment of Cancer (EORTC)  

European Organization for Research and Treatment of Cancer (EORTC) was one 

of the earliest prognostic scoring system that was based on Weibull survival model, 

developed after a multivariable analysis of 507 patients from 23 European hospitals for 

staging all histologic types of thyroid carcinoma (14). 

Total score = Patient’s age +12 if male +10 if poorly differentiated FTC +10 if 

invasion of the thyroid capsule +15 if one distant metastasis +30 if 2 or more distant 

metastases +10 if medullary +45 if the principal or associated cell type is anaplastic. 

Risk groups: Group 1 = score < 50 Group 2 = score 50–65  Group 3 = score 66–83 

 Group 4 = score 84–108 Group 5 = score >108 

 

2.10.2 Mayo Clinic (AGES or Age, Grade, Extent, Size)  

The AGES scoring system was developed from a multivariable analysis of more 

than 14,200 patient-years' experience in 860 PTC patients at Mayo Clinic (16). 

Total score = 0.05 x age in years (if aged >40) or + 0 (if aged<40) +1 (if tumor 

grade 2) or +3 (if tumor grade 3 or 4) +1 (if ETE) +3 (if distant spread) + 0.2 x tumor size 

(maximum diameter in cm) 
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Risk groups: Group 1 = score <4.00 Group 2 = score 4.01–4.99   

  Group 3 = score 5.00–5.99 Group 4 = score > 6 

 

2.10.3 Lahey Clinic (AMES or Age, Metastases, Extent, Size) 

The AMES staging system was developed from a cohort of 814 patients with 

differentiated thyroid cancer using age and size as categorical variables. Different age cut-

off were used for risk stratification in men (41 years) and women (51 years) (19).  

Risk groups: 

Low-risk group: a) Young patients (men<41years, women<51years), no distant metastases 

b) Older patients with intra-thyroidal papillary cancer or minor tumor 

capsular involvement follicular carcinoma, tumor size < 5 cm, no distant 

metastases 

High-risk group: a) All patients with distant metastases 

b) All older patients with major capsular involvement papillary cancer or 

major capsular involvement follicular carcinoma and tumor size > 5 cm 

 

2.10.4 University of Chicago (Clinical Class) 

The Clinical Class system was developed from a cohort of 269 PTC patients with 

average follow-up period of 12 years from the time of diagnosis. It is one of the few systems 

where age is not included in the classification, despite being a significant factor in 

multivariable analysis (23) 

Classes: Class I:   Patients have disease limited to the thyroid gland 
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Class II  Patients have loco-regional lymph node involvement 

Class III:  Patients have extra-thyroidal tumor invasion 

Class IV:  Patients have distant metastases 

 

2.10.5 Karolinska Hospital and Institute (DAMES or DNA ploidy, Age, Metastases, 

Extent, Size) 

Addition of nuclear DNA content to the AMES risk-group classification for PTC 

was found to add prognostic value to the existing AMES risk-group classification. Nuclear 

DNA content was measured both on the fine needle aspiration material and the surgical 

specimen in 73 patients with primary or recurrent PTC (21). This staging system however, 

does not assign a risk group to low risk AMES group with aneuploid tumors. 

Risk groups: 

Low risk:   Patients in AMES low risk group and had euploid tumors 

Intermediate risk:  Patients in AMES high risk group and had euploid tumors 

High risk   Patients in AMES high risk group and had aneuploid tumors 

 

2.10.6 Mayo Clinic (MACIS or Metastases, Age, Complete resection, Invasion, Size) 

MACIS was developed as an alternative to AGES at the Mayo Clinic, using a cohort 

of 1779 patients of PTC because the tumor grade is not often available at most centers (17). 

Total score = 3.1 (if aged <39 years), or 0.08 x age (if aged > 40 years), + 0.3 x 

tumor size in cm, +1 (if not completely resected), +1 (if locally invasive), +3 (if distant 

metastases) 
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Risk groups: Group 1 = <6.0  Group 2 = 6.0–6.99   

   Group 3 = 7.0–7.99  Group 4 = > 8.0 

 

2.10.7 University of Bergen (SAG or Sex, Age, Grade)  

SAG staging was developed by the retrospective analysis 173 consecutive patients 

with PTC by combining sex and age of the patient and histologic grade based on nuclear 

atypia, tumor necrosis, and vascular invasion (22). 

Total score = 1 (if male) + 1 (if aged >70 years) + 1 (if any one of the 3 microscopic 

features, such as vascular invasion, marked nuclear atypia and tumor necrosis are present) 

Risk groups: SAG I = score is 1 SAG II = score is 2 SAG III = score is 3 

 

2.10.8 Ohio State University (OSU) 

The Ohio State University staging system was based on the multivariable analysis 

of tumor size, lymph node involvement, multifocality, local tumor invasion, and distant 

metastases in 1355 patients with papillary and FTC (25). 

 

Stages: Stage 1:  Primary tumor smaller than 1.5 cm in diameter 

 Stage 2:  Primary tumor 1.5–4.4 cm, or presence of cervical lymph node 

metastases, or more than 3 intra-thyroidal foci of tumor 

Stage 3: Primary tumor at least 4.5 cm or presence of ETE. 

Stage 4: Primary tumor with distant metastases 
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2.10.9 Noguchi Thyroid Clinic (Noguchi) 

Based on multivariable analysis of 2192 PTC patients with mean follow-up of 12.5 

years, patients were divided into 3 risk groups (excellent, intermediate, or poor) based on 

gender, age, tumor size, ETE, and gross lymph node metastases. The independent 

significant factors for the male sex were age and gross lymph node metastases, whereas for 

the female sex, they were age, gross lymph node metastases, tumor size, and ETE (24). 

Risk groups are described separately for men and women: 

 

Men:  

Excellent group:  All patients up to 45 years of age and patients without gross nodal 

metastasis up to 60 years of age.  

Intermediate group: Patients without gross nodal metastasis over age 60 and patients 

aged 45 to 55 with gross nodal metastasis.  

Poor group:  Patients over 55 with gross nodal metastasis.  

 

Women: 

Excellent group:  All patients up to age 50 and patients age 50 to 55 without metastasis.  

Intermediate group: Patients age 50 to 55 without gross nodal metastasis, patients over 

age 65 with primary tumor less than 30 mm in maximum diameter, 

and patients with gross nodal metastasis at 50 to 55 years of age.  

Poor group:  Remaining patients.  
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2.10.10 Memorial Sloan Kettering (Grade, Age, Metastases, Extent, Size or GAMES)  

Based on the outcome of consecutive series of 1038 previously untreated patients 

with differentiated carcinoma of thyroid treated at Memorial Sloan Kettering Cancer 

Center, an age of 45 years and tumor size of 4 cm were considered as the cut-off points for 

continuous variables for risk stratification (26). 

Risk groups: 

Low risk:   Age <45, no distant metastases, tumor size <4 cm and PTC on histology 

Intermediate risk:  Age <45, distant metastases, tumor size >4 cm or FTC on histology 

     Age > 45, no distant metastases, tumor < 4 cm and PTC on histology 

High risk:    Age > 45, distant metastases, tumor size >4 cm or FTC on histology 

 

2.10.11 University of Münster (Münster) 

This system is based on analysis of primary tumor and distant metastasis in 500 

WDTC (almost 40% patients had FTC) with median follow-up of 5.6 years (261) . 

T1: tumor size =1 cm   T2: size 1–4 cm  T3: size >4, limited to thyroid  

T4: any size beyond capsule  M0, no distant metastases M1, distant metastases 

Risk groups:  Low risk = T1–3 and M0 High risk = T4 or M1 

 

2.10.12 National Thyroid Cancer Treatment Cooperative Study (NTCTCS)  

This staging system was validated prospectively on 1607 patients recruited from 14 

U.S. institutions. For PTC, significant factors include age, size, ETE, and metastases. For 

FTC, they include age, size, metastases, and poor differentiation. Parameters selected in 
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this system were age, tumor size, tumor type, ETE, lymph node, and distant metastases. 

Several factors tended to predominate in the assignment of tumor stage for each histologic 

type (15). Stage is determined by the highest stage determined by the following clinico-

pathological factors: 

 

Factors       Histology 

   PTC     FTC 

Age    <45 years  > 45 years    <45 years  > 45 years 

Tumor size (cm) 

<1 cm  I   I   I  II 

1–4 cm I   II    I   III  

>4 cm II   III    II   III 

Tumor description 

Microscopic multifocal I   II    I   III 

Macroscopic multifocal  I  II   II   III 

Microscopic extra-thyroidal I   II    I   III 

Macroscopic extra-thyroidal II   III    II   III 

Poor differentiation  Not available  Not available    III   III 

Metastases 

Cervical lymph node   I  III    I   III 

Distant    III   IV    III   IV 

 



  
 

57 
 
 

 

MTC 

C-cell hyperplasia   I 

Tumor size < 1 cm   II 

Tumor size ≥ 1 cm or positive cervical lymph nodes   III 

Extra glandular invasion or extra cervical metastases   IV 

 

ATC    IV 

 

2.10.13 University of Alabama and M.D. Anderson (UAB &MDA) 

This risk grouping was developed using a regression model obtained from a 

retrospective study on 208 patients with WDTC from two US institutions (260). 

Risk groups: 

Low-risk = patients <50 years of age without distant metastases 

Intermediate risk = patients > 50 years of age without distant metastases 

High-risk = patients of any age with distant metastases 

The risk groups are further subdivided based on the tumor size (<3 cm and >3 cm) 

 

2.10.14 Virgen de la Arrixaca University at Murcia (Murcia) 

This system calculates prognostic index based on 4 prognostic factors obtained 

from univariate and multivariate analyses on a cohort of 200 PTC patients (27). 

Prognostic index = (3 x age score) + (2 x size score) + (6 x spread score) + (2 x 

histologic variant score) 
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Age score:  1 if aged <50 years,    2 if aged >50 years 

Size score:  1 if tumor size from 1–4 cm,   2 if tumor size >4 cm 

Spread score: 1 if intra-thyroidal,    2 if extra-thyroidal 

Histologic variant score: 1 if well-differentiated, FVPTC or diffuse sclerosis variant,  

  2 if solid or tall-cell variant PTC, 3 if poorly differentiated PTC 

Risk groups: Low risk = index <18  Medium risk = index 18–22 High risk = index >22 

 

2.10.15 Cancer Institute Hospital in Tokyo (CIH ) 

This system uses 4 prognostic parameters: age, distant metastases, ETE, and large 

nodal metastases. These parameters were derived from a multivariate analysis of 604 PTC 

patients with mean follow-up of 10.6 years for stratification into two risk groups (28). 

Risk groups: High risk: Patients of any age with distant metastasis or patients 50 years or 

older with >3 cm nodal metastasis and/or ETE 

Low risk: Those who did not meet the high-risk criteria 

 

2.10.16 Ankara Oncology Training and Research Hospital in Turkey (Ankara) 

This system classifies patients into 4 risk groups that were identified by the logistic 

regression equation, and developed from a cohort of 347 WDTC patients (20). 

Pre-treatment score: exp [(0.2 x tumor size) + (1 if age >45 years) + (0.5 if 

angioinvasion) + (1 if distant metastasis)] 
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Post-treatment score: exp [(0.2 x tumor size) + (0.8 if age >45 years) + (0.7 if 

angioinvasion) + (0.6 if distant metastasis) + (0.9 if total/near total 

thyroidectomy) + (0.7 if use of adjuvant radioiodine)] 

Pre-treatment probability of cancer-specific mortality (P) = (score)/ (1+score)  

Risk groups:  Very-low risk- P <55%    

Low risk- P from 56%- 85%  

High risk- P from 86%- 95%  

Very high risk- P > 96%  

Post-treatment risk groups were not defined 

 

2.10.17 UICC/AJCC TNM Staging (Tumor, node, metastasis) 

The TNM staging system, first described in the 1940s, takes into account the 

anatomic extent of the primary tumor (T), the involvement of regional lymph nodes (N), 

and distant metastasis (M). It allows standardized information gathering and sharing as 

well as quantification of the cancer burden and possible prediction of the oncological 

outcome. According to the current TNM classification of malignant tumors (7th Edition), 

the staging of thyroid cancer International Classification of Diseases for Oncology (ICD-

O C73) is unique as the patient’s age and histological tumor type determine the stage of 

disease in addition to the T category, N category, and M category (18).  

T-  Primary Tumor 

Tx - Primary tumor cannot be assessed  

T0 -  No evidence of primary tumor 
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T1 -  Primary tumor ≤2 cm in greatest dimension and limited to the thyroid  

  (T1a < 1cm; T1b 1-2 cm in greatest dimension, both limited to the thyroid) 

T2 -  Primary tumor >2 and <4 cm in greatest dimension and limited to the thyroid 

T3 -  Primary tumor >4 cm in greatest dimension, limited to the thyroid or any tumor 

with minimal extra-thyroid extension (sternothyroid muscle/ peri-thyroidal tissue) 

T4a-   Any tumor extending beyond the thyroid capsule to invade subcutaneous soft 

tissues, larynx, trachea, esophagus, or recurrent laryngeal nerve 

  Intra-thyroidal anaplastic thyroid carcinoma - surgically resectable 

T4b -  Any tumor invading prevertebral fascia or encasing the carotid / mediastinal vessels 

  Extra-thyroidal anaplastic thyroid carcinoma - surgically unresectable 

 

N-  Regional Lymph Nodes 

Nx -  Regional lymph nodes cannot be assessed  

N0 - No evidence of regional lymph nodes  

N1a -  Metastasis to level VI nodes (pretracheal, paratracheal, and prelaryngeal/ 

Delphian) 

N1b -  Metastasis to unilateral, bilateral or contralateral cervical, retropharyngeal or 

superior mediastinal nodes 

 

M-  Distant Metastasis 

M0 - No distant metastasis       

M1 -  Distant metastasis 



  
 

61 
 
 

 

Stage Groupings 

Papillary or Follicular 

Stage      Patient age <45y      Patient age ≥45y 

I     Any T, Any N, M0     T1, N0, M0  

II     Any T, Any N, M1    T2, N0, M0  

III         T3, N0, M0  

         T1-3, N1a, M0  

IVA         T4a, Any N, M0 

T1-3, N1b, M0 

IVB          T4b, Any N, M0  

IVC         Any T, Any N, M1 

 

Medullary (Any age) 

Stage  

I   T1, N0, M0    

II   T2-3, N0, M0  

III    T1-3, N1a, M0  

IVA  T4a, Any N, M0  

 T1-3, N1b, M0 

IVB   T4b, Any N, M0  

IVC   Any T, Any N, M1 
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Anaplastic (Any age) 

Stage  

IVA    T4a, Any N, M0  

IVB   T4b, Any N, M0  

IVC  Any T, Any N, M1 

 

The existence of multiple risk stratification systems for predicting outcome of 

thyroid cancer indicates that none is universally acceptable, and a prognostic system to 

predict individualized patient’s risk rather than the stratified group risk is required. 

 

2.11  Treatment  

Most thyroid cancers are treated with radical intent and carry excellent prognosis 

after appropriate treatment. Surgery, either hemi or total thyroidectomy with or without 

lymph node dissection is the mainstay of treatment for most thyroid cancer. Radioactive 

iodine is an effective adjuvant treatment for high risk WDTC. 

 

2.11.1 Thyroidectomy 

  Surgery in the form of either a hemi-thyroidectomy or a total thyroidectomy, with 

or without adjuvant radioactive iodine, is the treatment of choice for most thyroid 

carcinoma. For low risk WDTC that are intra-thyroidal, micro-invasive, unifocal, and less 

than 1 cm in size (micro-carcinoma), hemi-thyroidectomy is a safe option. For node 

negative WDTC, 1-4 cm in size, options of both hemi-thyroidectomy and total 
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thyroidectomy exist. For WDTC > 4cm, with ETE or bilateral disease, with cervical lymph 

node or distant metastasis, lympho-vascular invasion, prior irradiation to head and neck, 

familial thyroid cancer, a total thyroidectomy is usually recommended (12). Advocates of 

total thyroidectomy cite the incidence of 30-87.5% of occult papillary carcinomas in the 

contralateral lobe (266, 267) and 7-10% chance of recurrence in the opposite lobe (268) as 

evidences to support the recommendation of total thyroidectomy. Lower recurrence rates 

and possibly increased survival after total thyroidectomy (269), facilitation of earlier 

detection of recurrent or metastatic carcinoma with radio-iodine & thyroglobulin and the 

possibility of treatment of recurrent or metastatic carcinoma with radio-iodine (268) are 

the other considerations to recommend total thyroidectomy. Surgical complications after 

thyroid cancer surgery include hemorrhage, wound infection, superior or recurrent 

laryngeal nerve palsy resulting in vocal cord malfunction (unilateral or bilateral in 1-2% 

cases), hypocalcaemia (transient or permanent in 3-5% patients) and rarely pneumothorax. 

Therapeutic level VI neck dissection or central compartment lymph node dissection 

(CCND) is indicated for patients with clinical or radiological evidence of central or lateral 

neck lymph nodes. Prophylactic CCND (unilateral or bilateral) may be done in PTC with 

no clinical evidence of lymph node metastasis in the central compartment of the neck, 

especially for T3/ T4 cancers. CCND is not indicated for small (T1 or T2), non-invasive, 

clinically node-negative PTC and most follicular cancers. MTC is treated with total 

thyroidectomy and elective CCND. A formal therapeutic neck dissection is recommended 

for all node positive (N1b) thyroid cancer. The majority of patients with ATC are 

unsuitable for surgery at the time of diagnosis due to significant extension of the tumor 
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beyond the thyroid gland, thereby making any meaningful resection impossible and 

dangerous (52). However, some patients with localized disease not affecting surrounding 

vital structures, where complete resection of the ATC is possible, can have prolonged 

survival after surgery and adjuvant treatment (52).  

 

TSH suppression results in a 27% reduction in risk of adverse outcome in WDTC. 

Total TSH suppression (TSH level= 0.1-0.5 mU/L) is recommended for high risk patients, 

whereas low risk patients need only partial TSH suppression (TSH level= 0.5-2.0 mU/L). 

Careful monitoring of TSH levels is essential especially in post-menopausal females and 

elderly with pre-existing cardiac ailment. A starting dose of levothyroxine is 2 µg/ kg / day 

(age <60 years) or 1.6-1.8 µg/ kg / day (age > 60 years), which is adjusted based on TSH 

level on follow-up.  

 

2.11.2 Adjuvant treatment 

After surgical removal of the thyroid in patients with WDTC, RAI (in the form of 

131I) is administered to destroy any residual thyroid tissue and for subsequent detection of 

loco-regional and/or metastatic disease (270). As adjuvant therapy, radioactive iodine helps 

to decrease the risk of recurrence and mortality by destroying suspected metastatic disease. 

It is also used for salvage treatment of any persistent or recurrent disease as therapeutic 

RAI therapy (161). Indications of RAI treatment include advanced TNM stage, presence 

of lymph node metastasis, ETE, and incomplete resection (271). Unstimulated 

thyroglobulin measurement performed after total thyroidectomy can be used to assess the 
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need for adjuvant RAI in WDTC, thereby sparing some patients from potential side effects 

of RAI, such as sialadenitis, lacrimal gland injury, and infertility (12, 272-274). For a low 

risk or low to intermediate risk patient, 30 milliCurie (mCi) is adequate, for intermediate 

risk patients an additional 150 mCi is recommended and for known structural residual 

disease 150-200 mCi (100-150 mCi for patients >70 years) is used (12).  

 

External beam radiotherapy (XRT) has a limited role in the treatment of WDTC. 

The sequence of external beam XRT and RAI therapy depends on the volume of gross 

residual disease and RAI uptake. Patients with localized residual disease or with non-

radioiodine concentrating de-differentiated carcinoma are candidates for adjuvant 

radiation. In ATC, external beam XRT is used either in an adjuvant or palliative setting for 

loco-regional control of the disease. Surgery followed by combined chemo-radiation is 

recommended for ATC patients with localized disease. Radiation is used as a palliative 

measure to prevent death by asphyxiation and possibly to increase survival by a few months 

(52). Radiotherapy alone is also sometimes used as a palliative measure to increase local 

control and short-term patient survival (239). In MTC, radiation treatment is of limited use 

and is restricted to patients with residual disease or in a palliative setting.  

 

2.11.3 Targeted therapy 

Targeted therapies are emerging treatment modalities for thyroid cancer. A 

common feature of many thyroid cancers is increased vascularization with elevated 

expression of VEGF as compared to the normal tissue. Drugs with anti-angiogenic 
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properties (Sorafenib, Sunitinib, Axitinib, and Pazopanib) are chosen for targeting the 

vascular endothelial growth factor tyrosine kinase receptors (VEGFRs). The response rate 

to targeted inhibition has been reported to be low and it is attributed to compensatory 

signaling pathways that can rescue tumor growth (275). Other molecular targets in thyroid 

cancer include the epidermal growth factor receptor (EGFR) that is targeted by Gefitinib, 

the platelet-derived growth factor receptor (PDGFR) targeted by Pazopanib and Axitinib, 

c-Kit targeted by Axitinib, or RAF and RET that are targeted by Sorafenib. Gene therapy, 

aimed at transcription factors TTF-1 and PAX8 (involved in the transcriptional activation 

of thyroid-specific genes, such as Tg and NIS), can improve the ability of ATC cells to 

uptake radioiodine (41, 114). PDGFRhas been reported to mediate nodal metastases in 

papillary thyroid cancer by driving the epithelial-mesenchymal transition (276). Recently 

published results of the DECISION trial showed significant improvement (p<0.001) in 

progression-free survival with Sorafenib (10.8 months) as compared with placebo (5.8 

months) in patients with progressive radioactive iodine-refractory differentiated thyroid 

cancer (277). Our recent work identified the receptor of advanced glycation end products 

(RAGE)/Dia-1 signaling system as a mediator for the pro-migratory response of 

extracellular S100A4 in human thyroid cancer which may become a suitable therapeutic 

target to reduce local invasion and metastasis (278).  

 

2.12 Follow-up  

The efficacy of treatments is assessed by measuring serum Tg levels. Tg is a 

prohormone of T4 and T3 and is synthesized by follicular cells of the thyroid and stored in 
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colloid. Small amounts of Tg are released into the serum with the release of T4 and T3. Tg 

is used as a marker for WDTC management and for the detection of residual/recurrent 

disease. Residual Tg after 131I therapy may be indicative of persistent malignancy (270). 

Determinants of serum Tg concentrations are the mass of residual thyroid tissue; the 

presence of thyroid injury either due to thyroiditis or interventions such as FNAB, 

thyroidectomy or RAI therapy; and magnitude of TSH receptor stimulation (i.e. 

endogenous TSH, recombinant human TSH, serum human chorionic gonadotropin, TSH 

receptor antibodies associated with autoimmune thyroid disease) (279). Anti-Tg antibodies 

may also interfere with the detection of serum Tg level and result in falsely low levels, 

thereby limiting the accuracy of this assay. This is especially true for patients with 

autoimmune diseases where levels of anti-Tg antibodies may be higher than normal (280). 

Approximately 10% of the general population have anti-Tg antibodies compared to 20% 

for WDTC patients (281).  

 

Serum Tg levels prior to surgery are not a reliable indicator of thyroid cancer 

because both normal and malignant thyroid cells release Tg. Since serum Tg is cleared with 

a half-life of 30 hours, it is expected to be undetectable if the patient is cured after total 

thyroidectomy and RAI ablation (279). However, it may take up to one year or longer for 

the levels to fall below the detection threshold (282). The detection threshold of most serum 

Tg assays was 0.8 ng/mL earlier. This has improved to 0.1 ng/mL or less with the newer 

available assays (283, 284). The sensitivity of Tg assay improves when Tg levels are 

measured after TSH stimulation either after thyroid hormone withdrawal or administration 
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of recombinant human TSH (rhTSH). Suppressed Tg <0.2 ng/ml, stimulated Tg <1 ng/ml 

and negative scanning qualify as excellent treatment response with 1-4% chance of 

recurrence and <1% risk of disease specific death. Suppressed Tg 0.2-1ng/ml, stimulated 

Tg <10 ng/ml with non-specific imaging and stable /declining anti-Tg Ab is considered 

indeterminate response with 15-20% chance of identification of structural disease on 

follow-up and <1% risk of disease specific death. Suppressed Tg >1ng/ml, stimulated Tg 

<10ng/ml, negative imaging and rising anti-Tg antibody titer is labelled as biochemical 

incomplete response with 20% chance of identification of structural disease on follow-up 

and <1% risk of disease specific death. At least 30% of biochemical incomplete responses 

resolve spontaneously and 20% achieve this after additional therapy. Structural/ functional 

evidence of disease at any Tg level with or without anti-Tg antibody is taken as structural 

incomplete response with 50-85% of the patients continuing to have persistent disease 

despite treatment. The risk of disease specific death is 11% with lymph node metastasis 

and 50% with distant metastasis. The target TSH level for patients with excellent or 

indeterminate response is 0.5-2mU/L (low-intermediate risk group) and 0.1-0.5mU/L (high 

risk patient). For patients with biochemical incomplete response TSH target is 0.1-

0.5mU/L and TSH<0mU/L for those with structural incomplete response (12). The benefits 

of TSH suppression should be weighed against the risk of atrial fibrillation or tachycardia, 

osteoporosis or osteopenia, especially in post-menopausal women > 60 years of age. 

 

Serum Tg is an important indicator for the requirement of radioactive remnant 

ablation (RRA) therapy after total thyroidectomy for patients with well-differentiated 
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thyroid carcinoma. The need for RRA therapy post total thyroidectomy is highly debatable. 

The ATA, the European Thyroid Association, and the British Thyroid Association have set 

different guidelines as to which PTC patients should receive residual remnant ablation 

therapy based on the risk of persistent disease or for developing recurrent disease (161, 

264, 285). Thyroglobulin has no role in follow-up of ATC and MTC. Serum calcitonin is 

a good tumor marker for follow-up of MTC. 

 

2.13 Summary of literature and objectives of this study 

To summarize, thyroid cancer represents a group of different histological types with 

diverse clinical behaviour. Most thyroid cancers arise from follicular cells. The process of 

carcinogenesis is associated with a number of genetic alterations. Fine needle aspiration 

biopsy (FNAB) and ultrasonography play pivotal roles in the diagnosis of thyroid cancer. 

However, the sub-classification of a FN/HCN on FNAB remains a challenge. FDG-PET 

/CT scan of FN/HCN have been used for this purpose with variable success. Predicting the 

oncological outcome of thyroid cancer is an exciting field of research but developing a 

model that fits the different histological types and incorporates the patient, tumor and 

treatment variables remains a daunting task. 

 

  The objectives of this study were to evaluate the efficacy of FDG-PET/CT in 

predicting the risk of malignancy in FN/HCN and to perform an epidemiological analysis 

of prognostic markers in thyroid cancers for developing prognostic models to predict 

oncological outcome of thyroid cancer based on the individual’s prognostic factors.  
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Chapter III 

Materials and Methods  

3.1 Assessment of the diagnostic role of FDG-PET /CT  

3.1.1 Study group 

The prospective arm of this study, approved by the Research Ethics Board at the 

University of Manitoba (Ethics reference number: H2010:056), included 47 consecutive 

consenting patients with 50 FN/HCN, >5mm in size, seen in the Thyroid clinic, CancerCare 

Manitoba from July 2013 to December 2015. The minimum sample size (N=44) was 

calculated for a power of 0.80 with alpha of 0.05, based on 20% risk of malignancy in 

FN/HCN nodules and 39% risk of malignancy in FDG-PET positive indeterminate nodules 

(7, 11). All patients had a prior ultrasonography and ultrasound guided FNAB showing 

FN/HCN. Histopathology results were considered as the gold standard for diagnosis(286). 

 

3.1.2 FDG-PET/CT : Technique and calculations 

A FDG-PET/CT scan was performed pre-operatively. All patients were asked to 

fast for 4 to 6 hours prior to the administration of F-18 FDG injection. To minimize the 

examination time and substantially reduce the radiation exposure, only a half-dose of FDG 

(185 MBq) was administered and patients were scanned in two bed positions (neck and 

superior mediastinum). The acquisition time was increased from 3 to 5 minutes per bed 

position. A standard acquisition protocol for the 3D-mode Biograph-16 (Siemens; 

Malvern, PA) PET/CT scanner was used for all patients. Helical CT was acquired with 3 

to 5mm section thickness, as described earlier (287). All scans were reported by a single 
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observer blinded to the surgical and pathologic findings. Tumor diameter, as reported on 

histopathology, was used as a guide to contour the region of interest on FDG- PET/CT. 

FDG uptake by the thyroid nodules were expressed as SUVmax. As the background FDG 

uptake by the non-nodular thyroid was about 2.5, MTV and TLG were calculated for 30 

lesions with SUVmax >2.5. MTV is defined as total tumor volume with an SUV of 2.5 or 

greater. TLG was calculated as (mean SUV) × (MTV). 

 

The RC method for partial volume correction of PET images was used, as described 

earlier (169). To generate a correction curve, the NEMA/IEC body phantom was imaged 

(http://www.spect.com/pub/NEMA_IEC_Body_Phantom_Set.pdf), which has 6 spherical 

inserts ranging in diameter from10-37 mm. The contrast between the spheres and the 

background region was 3.93. This phantom was imaged 5 times using the thyroid protocol. 

For each scan, SUVmax was measured in the spherical lesion and the average of the 5 

values for each sphere was taken. The ratio of the difference of the average SUVmax for 

each sphere and its background activity to the difference of the average SUVmax for the 

largest sphere (37 mm) and its background activity was plotted against the sphere size. An 

exponential curve was fitted to the data to calculate the RC for the sphere diameter. This 

method assumes that the thyroid nodule of interest is a perfect sphere.  

𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 − 𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦

𝐾𝑛𝑜𝑤𝑛 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 − 𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦
 

𝑃𝑎𝑟𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 = (𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 −

𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦)/(𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡) + 𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦  
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3.1.3 Statistical methods  

The demographic and FDG-PET/CT characteristics of FA and HCA were recorded. 

The data were managed and analyzed using SPSS for Windows version 23·0 (SPSS Inc., 

Chicago, IL). After checking for normality assumption, the mean and standard deviation 

were used to express normally distributed data (such as the size of nodule), which were 

compared by analysis of variance (ANOVA). The median with interquartile range (IQR) 

was used for non-normally distributed data (i.e. the SUV). Inter-group comparison of non-

normally distributed data was made by Mann-Whitney nonparametric analysis. test with 

Yates’ correction was used to compare categorical variables. A p-value <0.05 (two-sided) 

was considered to indicate statistical significance and 95% CI were used to express 

reliability in the estimates.  

 

Receiver operating characteristic (ROC) curve analysis of SUVmax and the area 

under the curve (AUROC) were used to assess discrimination between follicular and HCA. 

Youden index was used to identify the optimal cut-off SUVmax for the purpose (288). 

Sensitivity, specificity, PPV, NPV and test efficiency (accuracy) were used as measures to 

describe the effectiveness of FDG-PET /CT. A true positive was defined as the instance 

where the FDG-PET /CT made a positive prediction and this coincided with a positive 

histopathology. A false positive was an event where FDG-PET /CT made a positive 

prediction and the subject had a negative result on histopathology. A true negative was 

defined as the occurrence where the FDG-PET /CT gave a negative prediction and the 

subject had a negative result in the histopathology. A false negative represented a situation 
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where FDG-PET /CT made a negative prediction but the histopathology showed a positive 

result. 

 

Sensitivity: Sensitivity of a FDG-PET /CT is the percentage of all patients with thyroid 

cancer present who have a positive FDG-PET /CT. 

         __True positive_        __ X 100%  

True positive + False negative 

 

Specificity: Specificity of a FDG-PET /CT is the percentage of all patients without 

thyroid cancer who have a negative FDG-PET /CT. 

       __True negative__          _ X 100% 

False positive + True negative 

 

Positive Predictive Value (PPV): The percent of all positive FDG-PET /CTs that are 

true positives. 

_          _True positive_       __ X 100% 

True positive + False positive 

 

Negative Predictive Value (NPV): The percent of all negative FDG-PET /CTs that are 

true negatives. 

__          True negative_       __ X 100% 

False negative + True negative 

 

Test Efficiency: The efficiency of a test is the percentage of times that a test gives the 

correct answer compared to the total number of tests. 

_                 ___True positive + True negative______                  X 100% 

True positive + True negative + False positive + False negative 
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3.2 Epidemiological analysis of prognostic markers in thyroid cancer 

3.2.1 Establishment of the Manitoba thyroid cancer cohort 

This study involved a review of electronic and paper records of a population-based 

cohort (the Manitoba thyroid cancer cohort) of all 2306 consecutive thyroid cancers 

diagnosed in 2296 patients in Manitoba, Canada from January 1, 1970 to December 31, 

2010 and identified from the Manitoba Cancer Registry. The Manitoba Cancer Registry is 

a member of the North American Association of Central Cancer Registries. Ethics approval 

for this study was obtained from the Research Ethics Board at the University of Manitoba 

(Ethics reference number: H2008:057). Individual electronic and paper records of 

diagnosis and treatment of this cohort were reviewed at CancerCare Manitoba. CancerCare 

Manitoba is the tertiary cancer care center for the province of Manitoba with a catchment 

population of about 1.2 million and Manitoba Cancer Registry as a part of it. The primary 

source of diagnostic information included 2148 pathology reports, 80 discharge 

summaries, 56 autopsy records, 18 operative reports, and 4 death certificates.  

 

Patient demographics, extent of disease at initial presentation, the treatment 

modalities employed, pathology details, cancer recurrences during the follow-up, and the 

final oncological status as of January 1, 2015, were recorded. All patients, who migrated 

out of province (considered lost to follow-up) during the study period, were censored at 

that point in time. Patients that were initially diagnosed by autopsy or death certificate were 

excluded from survival analyses. All cases were re-staged according to the AJCC/ UICC 

staging for thyroid cancer (7th edition, 2009) (18). The topography and histology were re-
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coded by WHO International Classification of Diseases for Oncology (3rd Edition) codes 

and the disease, signs and symptoms were re-coded by International Classification of 

Diseases (10th Edition) codes to ensure uniformity. The pathology and treatment details of 

683 (29.6%) were independently reviewed for accuracy as a part of a collaborative staging 

project. 

 

3.2.2 Epidemiological analysis of oncological outcomes 

 The data were managed and analyzed using SPSS for Windows version 23·0 (SPSS 

Inc., Chicago, IL). ANOVA was used to compare group means and categorical data were 

compared using the Pearson chi-square test with continuity correction as appropriate. A p-

value <0.05 (two-sided) was considered to indicate statistical significance and 95% CI were 

used to express reliability in the estimates. Bonferroni correction was used to reduce the 

chances of obtaining false-positive results (type I errors) when multiple pair wise tests were 

performed on a single set of data. The patient characteristics, the extent of disease at 

presentation and the tumor histology were recorded along with the treatment modalities, 

the patterns of failure and the final oncological outcome. Age standardized incidence rate 

was calculated by direct method (289). Age specific incidence rates were initially 

calculated by using the age distributions of the newly diagnosed thyroid cancers cases in 

the Province of Manitoba and that of the provincial population for each year obtained from 

the Manitoba Health's Population Registry, Manitoba Bureau of Statistics and Statistics 

Canada. Age-specific mortality rates calculated above were then multiplied with the 

number of persons in each age group of the 1991 standard Canadian population to get the 
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expected deaths for each age group. The number of expected deaths from all age groups 

were added together to obtain the total number of expected deaths. Finally the age-adjusted 

mortality rates were calculated by dividing with the total number of expected deaths with 

the standard population.  

 

Relapse free survival (RFS) and DSS were estimated by the Kaplan-Meier product 

limit method and the effect of individual prognostic factors on survival was assessed by 

using the log rank test. After checking for normality assumption, the mean and standard 

deviation were used to express normally distributed data (such as age of the patients) and 

median with inter-quartile range (IQR) were used for non-normally distributed data (i.e. 

tumor size and follow-up). Multivariable analyses were performed with Cox Proportional 

Hazards models to assess the independent effect of prognostic factors on DSS after testing 

for the proportional hazard assumption. The effects of age at diagnosis, gender, tumor size, 

ETE, lymph node metastasis, distant metastasis, the histological type, treatment modalities 

and the presence of post-treatment gross residual disease on the ten year probability of 

relapse and death by disease were evaluated by competing risk regression analysis to assess 

the competing influence of other causes of mortality, such as the deaths due to a second 

primary tumor or non-cancer deaths, using STATA version 12 (StataCorp. TX, USA). 

(290). Cumulative incidence function (CIF) was used to describe the probability of relapse 

and death using a proportional hazards regression model to directly model the sub-

distribution of a competing risk (291). After excluding 60 thyroid cancers that were 

detected either at autopsy (56 patients) or by death certificate (4 patients) and 10 patients 
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with familial MTC, 2226 patients were included in the proportional hazards regression 

model for competing risks analysis for deaths due to thyroid cancer. Similarly, 1977 

patients who had complete resection of their thyroid cancer without any macroscopic post-

treatment residual disease were included in the proportional hazards regression model for 

competing risks analysis of relapse of thyroid cancer.  

 

3.2.3 Development and validation of the Manitoba thyroid prognostic nomogram 

The data from the Manitoba thyroid cancer cohort were used to develop prognostic 

nomograms. Based on the weighted relative importance of individual prognostic factors on 

the 10 year risk of relapse and death from disease, prognostic nomograms were developed 

as described earlier (292). The period of diagnosis was also included to produce estimates 

for the nomograms based on a more recent cohort. Analyses were conducted using R 

version 2.13.2 (www.r-project.org). The R packages cmprsk10, Design, and QHScrnomo 

were used for modeling and developing the nomograms. Restricted cubic splines were used 

for the continuous variable of age. The default setting for 4 knots was used for RFS, and 

the default setting for 3 knots was used for DSS. Twenty imputations were produced with 

the multivariable imputation by chained equations (mice) package for missing values 

among predictor variables. The models were internally cross-validated by calibration 

(calibration curve) and discrimination (c-index or AUROC) using QHScrnomo. 

Calibration curves and concordance indexes were produced using only one of the 20 

complete datasets after multiple imputations. Discrimination is the ability of a model to 

separate subject outcomes between the predicted probability and the response. The 
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response is defined as the proportion of all evaluable ordered patient pairs for which 

predictions and outcomes are concordant (293, 294). If there is complete concordance 

between the predicted probability and the actual response, c-index is 1 (ideal). 

 

3.2.4 Comparison with existing staging/risk stratification systems for thyroid cancer 

The strength of our thyroid prognostic nomogram was compared with 12 other 

commonly used staging/risk stratification systems, to predict the risk of death from thyroid 

cancer in a population-based thyroid cancer cohort. For this purpose, 60 patients who were 

initially diagnosed by autopsy or death certificate, 76 patients with ATC with extremely 

high case fatality rate (CFR), and 10 familial medullary thyroid cancers (MTC) where the 

oncological outcome is largely determined by their specific gene mutations, were excluded 

from this study. One hundred and twenty three patients who did not have treatment with 

radical intent and 38 patients who were followed up in the Manitoba health care system for 

less than a year were also excluded. Individual electronic and paper records of the 

remaining 1989 patients from the Manitoba thyroid cancer cohort were reviewed and 1900 

patients were selected for this study on whom there was adequate information on patient 

demographics, tumor characteristics and completeness of tumor resection required for 

staging by 12 commonly used staging/risk stratification systems (222).  

 

R version 3.2.2 was used to analyze the data, using the packages of Hmisc to 

construct restricted cubic splines, and the packages of riskRegression and prodlim to run 

competing risk models. Restricted cubic splines were used to account for the non-linear 
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relationship between age and the outcomes, using the default 3 knots. The discrimination 

capability of the models were evaluated by c-index at 10 years. C-indices were produced 

using only one of the 20 complete datasets after multiple imputations. Akaike information 

criterion (AIC) was used to compare different prognostic models that are used for stage 

grouping/risk stratification of thyroid cancer. AIC is defined as 𝐴𝐼𝐶 = −2𝐿𝐿 + 2𝑚, where 

LL is the maximized log-likelihood and m is the number of parameters in the model 

(degrees of freedom) (295, 296). Delta AIC was calculated to compare the models. It is 

defined as 𝐷𝑒𝑙𝑡𝑎 𝐴𝐼𝐶(∆𝑖) = 𝐴𝐼𝐶𝑖 − 𝑚𝑖𝑛𝐴𝐼𝐶, where AICi is the AIC value for model i and 

min AIC is the AIC value of the best model identified by the lowest AIC (297). The model 

with smallest AIC value is considered the best amongst the compared models. 

 

3.2.5 Development and validation of web-based computerized prognostic model 

In order to establish a web-based computerized prognostic model, a 50% random 

sample was drawn from the study population to be used for the model development 

(N=1161) and the model was validated on the remaining patients (N=1135). The prognostic 

factors (covariates) were tested for confounders/ multi-collinearity, interactions and 

transformations. Cox proportional hazard model was used to develop the model using the 

development sample. The ROC curves were used to evaluate the accuracy of the developed 

Cox proportional hazard model in predicting the long-term DSS beyond the first year. The 

AUROC curves of both the development and the validation samples were compared to 

assess the accuracy of the model. 
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3.2.6 External validation of the Manitoba prognostic model 

The electronic and paper records of 1454 patients with differentiated thyroid 

cancers treated and followed up at the London Health Sciences Centre, London, Ontario, 

Canada for a median follow-up of 7.0 years (IQR= 4.8-10.7) were analyzed after obtaining 

the ethics approval for this study from the Research Ethics Boards and completion of Data 

sharing agreement between CancerCare Manitoba and London Health Sciences Centre. 

Patient demographics, extent of disease at initial presentation, the treatment modalities 

employed, pathology details, cancer recurrences during the follow-up, and the final 

oncological status as of March 1, 2016 were recorded. To circumvent the challenge of 

changes in staging system over the study time period, uniform restaging of all cancers was 

done according to the UICC staging for thyroid cancer (7th edition, 2010) (18). The 

topography and histology were re-coded by WHO International Classification of Diseases 

for Oncology (3rd Edition) codes and the disease, signs and symptoms were re-coded by 

International Classification of Diseases (10th Edition) codes to ensure uniformity. DSS 

was estimated by the Kaplan-Meier product limit method. The validation analysis was 

based on contrasting these survival probabilities against the true state of DSS, employing 

ROC curve analysis.  

 

3.2.7 Prognostic importance of distant metastasis in TNM staging  

In order to analyse the prognostic importance of distant metastasis in stage grouping 

by the TNM classification, 2018 electronic and paper charts, including pathology and 

operative reports, 56 discharge summaries, and 44 autopsy records, were reviewed and 215 
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patients with Stage II WDTC and 61 patients with distant metastasis (M1) were identified. 

Details involving patient demographics, extent of disease at presentation, treatment, 

pathology, recurrences of cancer, and the final outcome status as of July 1, 2015, were 

recorded. As the TNM staging system has evolved over time, all cases were restaged using 

the TNM criteria of AJCC/ UICC staging for thyroid cancer (7th Edition, 2009) to ensure 

uniformity.  

 

Recurrences were defined as the presence of clinical and/or 

radiological/biochemical evidence of disease. The Kaplan-Meier product limit method was 

used to estimate RFS and DSS and log rank test was used to compare survival between 

groups. Multivariable analyses were performed with Cox proportional hazard models to 

evaluate the independent impact of various prognostic factors on the DSS and RFS of our 

population-based cohort, after confirming the proportional hazard assumption.  
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Chapter IV 

Results 

4.1 Assessment of the diagnostic role of FDG-PET /CT  

Forty seven consecutive, consenting, patients with 50 FN/HCN, diagnosed by 

FNAB, were recruited in the prospective arm of this study. The mean age of patients in this 

group was 58.7+12.8 years and 72% of the patients were females. On final histopathology, 

there were 23 follicular adenoma, 8 HCA, 11 papillary carcinomas, 6 follicular variant of 

papillary carcinomas and 2 follicular carcinomas. In all, 19 (38%) nodules were malignant. 

HCN were identifiable by pre-operative FNAB in 6 (75%) cases. The mean size of the 

thyroid nodule was 2.6+1.3 cm with 4 micro-carcinomas (tumor size=7.0-8.5 mm). 

 

4.1.1 Diagnostic role of FDG-PET /CT 

The median SUVmax value of all thyroid nodules in the study group was 3.45 

(IQR= 0-7.58). The patients’ age (p=0.14) and gender (p=0.43) as well as the median 

SUVmax (p= 0.10) of benign and malignant nodules were not significantly different. 

However, the malignant nodules were significantly smaller (p= 0.01) than the benign ones 

(Table 2). All 31 benign thyroid nodule measured >10 mm in size. Median MTV was 4.70 

(IQR=1.71-19.95) and median TLG was 20.75 (IQR=4.87-FF101.03) for lesions with 

SUV>3.0. There was insignificant difference in MTV (p=0.116) and TLG (p=0.187) of 

benign and malignant follicular neoplasms. All 4 micro-carcinomas in this cohort had 

SUVmax over 3.5 (range=3.6-5.9). 
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Table 2: Patient demographics and characteristics of benign and malignant follicular / 

Hürthle cell neoplasms. 

 Benign (N=31) Malignant(N=19) p-value 

Mean age 60.9+12.8 55.3+12.3 0.13 

Gender (Male: Female) 9:22 4:15 0.74 

Mean size of the nodule 2.9+1.3 cm 2.0+1.1 cm 0.01 

Median SUVmax 2.60; IQR= 0-7.60 4.60; IQR= 3.40-7.65 0.10 

 

Of 31 benign follicular neoplasms, all HCA and 12 (52%) FA showed increased 

focal FDG uptake. SUVmax of HCA was significantly higher (p<0.001) than that of FA. 

All HCA showed focally increased FDG uptake with median SUVmax of 9.3 (IQR= 6.9-

19.9). No significant difference was observed in the age (p=0.48) and gender (p=0.52) of 

the patients, and in the size of FA and HCA (p=0.79) (Table 3).  

Table 3: Characteristics of follicular and Hürthle cell adenomas.  

 FA (N=23) HCA (N=8) p-value 

Mean age 59.8+13.6 63.5+9.4 0.48 

Gender (Male : Female) 8:14 1:6 0.52 

Mean size of the nodule 2.8+1.3 cm 3.2+1.2 cm 0.79 

Median SUVmax 2.2; IQR= 0-3.0 9.3; IQR= 6.9-19.9 <0.001 

 

Increased focal FDG uptake had 100% (95% CI: 56-100%) sensitivity, specificity 

of 49% (95% CI: 27-69%), PPV of 37% (95% CI: 17-61%), and NPV of 100% (95% CI: 
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80-100%) for identifying HCA, with a low overall accuracy of 60%. Youden index 

indicated SUVmax of 5 to be the best cut-off for discriminating between FA and HCA, 

with AUROC of 0.90 (95% CI: 0.79-1.00; p=0.001). With this cut-off, FDG-PET /CT had 

a sensitivity of 88% (95% CI: 47-99%), specificity of 87% (95% CI: 65-97%), PPV of 70% 

(95% CI: 35-92%), and NPV of 95% (95% CI: 74-99%), with an overall accuracy of 87% 

(Table 4). 

Table 4: FDG-PET/CT findings in follicular and Hürthle cell adenomas (SUVmax cut-

off for FDG-PET positivity =5). 

 

Similarly, focally increased FDG uptake by thyroid nodule had a sensitivity of 89% 

(95% CI: 65-98%), specificity of 35% (95% CI: 19-54%), PPV of 46% (95% CI: 30-63%), 

and NPV of 85% (95% CI: 54-97%) for diagnosing malignant FN/HCN. With this criteria, 

the overall accuracy of FDG-PET /CT was low at 56%. As all HCA were observed to show 

high SUV, we excluded them from further analysis. After excluding HCA, the AUROC for 

discriminating benign from malignant nodules was 0.79 (95% CI: 0.63-0.94; p=0.002), 

with 3.25 as the best SUVmax cut-off for the purpose (Table 5). FDG-PET /CT had a 

sensitivity of 79% (95% CI: 54-93%), specificity of 83% (95% CI: 60-94%), PPV of 79% 

(95% CI: 54-93%), and NPV of 83% (95% CI: 60-94%), with an improved overall 

 HCA  FA Total 

FDG-PET positive 7 3 10 

FDG-PET negative 1 20 21 

Total 8 23 31 
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accuracy was 81% with this SUVmax cut-off. Figure 4 highlights the difference between 

the SUVmax of benign and malignant non-Hürthle cell FN expressed as (p=0.003).  

Table 5: FDG-PET/CT findings in benign and malignant thyroid nodules (SUVmax cut-

off for FDG-PET positivity =3.25). 

* Includes 8 HCA  

  

Figure 4: Scatter plot of SUVmax in benign and malignant non-Hürthle cell FN.  

Y-axis shows the SUVmax on a logarithmic scale with the reference line indicating 

SUVmax = 3.25. SUVmax was undetectable (SUVmax= 0) in 2 malignant and 11 benign 

neoplasms. 

a  Two benign FN were outliers with SUVmax of 54.0 and 65.0 

 Carcinoma positive Carcinoma negative Total 

FDG-PET positive 15 12* 27 

FDG-PET negative 4 19 23 

Total 19 31 50 

a 
a 
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Smaller lesions appear less intense on PET scan than their true intensity because of 

limited resolution of the system. As 4 nodules were < 1cm in their maximum diameter, 

partial volume correction by RC method was applied to minimize the risk of 

underestimating their SUVmax. Assuming that the thyroid nodule of interest is a perfect 

sphere, the NEMA/IEC body phantom, with 6 spherical inserts ranging in diameter 

from10-37 mm, was imaged 5 times using the thyroid protocol. The difference between 

the SUVmax and the background for each scan was recorded and the mean of these values 

for each of the spheres was calculated (Table 6).  

Table 6: Calculation of recovery coefficient (RC)  

Diameter Scan 1 Scan 2 Scan 3 Scan 4 Scan 5 Mean RC 

37 mm 4.29 4.15 4.26 4.32 4.28 4.26 1 

28 mm 4.32 4.14 4.36 4.29 4.27 4.276 1.004 

22 mm 3.74 4.09 4.28 4.09 3.87 4.014 0.942 

17 mm 3.83 3.65 3.66 3.7 3.41 3.65 0.857 

13 mm 2.45 3.58 2.56 2.44 2.72 2.75 0.646 

10 mm 1.48 1.64 1.55 1.92 1.9 1.698 0.398 

 

The ratio of the average difference of the SUVmax for each sphere and its 

background activity to the difference of the average SUVmax for the largest sphere (37 

mm) and its background activity was then computed (RC). An exponential curve was fitted 

to the data (Figure 5). It was used to calculate RC for the thyroid nodules using their size 

(diameter) assuming that the nodules are perfect spheres.  
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Figure 5: Exponential curve fit to the data for calculation of recovery coefficient. 

A recovery coefficient of 1.0, indicates correctly displayed activity, whereas a value of 0.5 

indicates that the displayed activity is only 50% of true activity. As the curve shows a sharp 

decline towards 0 for spheres (lesions) < 10 mm, less than 40% of the true activity of these 

lesions is displayed. 

 

When the recovery coefficient was plotted against the sphere diameter, it showed a 

sharp decline towards 0 for lesions < 10 mm (Figure 5). Consequently the partial volume 

correction for lesions was reliable only between 10 and 25 mm. As all 4 PTC with diameter 

< 10 mm had SUVmax >3.25, partial volume corrected SUVmax did not change the 

classification of these lesions. Partial volume correction of SUVmax did have any 

significant influence on the characterization of benign and malignant follicular neoplasms 

by FDG-PET/CT 
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4.2 Epidemiological analysis of prognostic markers in thyroid cancer  

4.2.1 The Manitoba thyroid cancer cohort 

In total, 2306 thyroid cancers were observed in Manitoba in 2296 patients from 

1970-2010. Nine patients had a synchronous second primary tumor of a different histology 

along with PTC (follicular-3, Hürthle cell-3, medullary-2, poorly differentiated-1), while 

one patient had a metachronous second papillary carcinoma in the contra-lateral thyroid 

lobe 25 years after initial management. The Manitoba thyroid cancer cohort includes 570 

(24.8%) males and 1726 (75.2%) females with a mean age (+ standard deviation) of 49+18 

years.  

 

According to the 2011 census, the population of Manitoba was recorded at 

1,208,268.  There was an average population increase of 0.56%/ year from 1970 level of 

988,245. The number of newly diagnosed thyroid cancers increased from 22 in 1970 to 122 

in 2010, and the ASIR per 100,000 for thyroid cancer from 2.52 ( 95% CI: 1.57-3.83) in 

1970 to 9.37 ( 95% CI:7.65-11.08) in 2010 (Figure 6). The ASIR per 100,000 rose from 

0.72 (95% CI: 1.57-3.83) in 1970 to 4.94 (95% CI: 3.35-7.03) in 2010 for males and the 

respective rates for females went up from 4.28 (95% CI: 2.56-6.71) to 13.75 (95% CI: 

10.96-17.04). The ASIR per 100,000 for ATC fell from 0.11 (95% CI: 0.05-0.19) during 

1970-1980 to 0.05 (95% CI: 0.02-0.11) in 2001-2010 for both sexes and the respective 

rates for PTC went up from 0.93 (95% CI: 0.75-1.15) to 6.64 (95% CI: 6.17-7.11). The 

mean age of patients at the time of diagnosis, median tumor size and the tumor stage at 

presentation showed statistically non-significant change (p>0.05, NS) over the past four 
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decades (Table 7). Thyroid cancers < 10mm (micro-carcinoma) represented 23.4% of all 

thyroid cancers and this proportion did not change significantly (p=0.87) during the study 

period. In all, T1 tumors were seen in 978 (32.6%) patients, T2 in 597 (26%), T3 in 468 

(20.4%) and T4 in 246 (10.7%) patients. In 7 (0.3%) patients a primary tumor was either 

not identified or could not be staged. 

 

 

Figure 6: Trend of newly diagnosed thyroid cancers in Manitoba, Canada  

Age standardized incidence rate per 100,000 (ASIR) and actual number of new cancers 

have steadily increased over past 4 decades (1970-2010). The curves appear parallel to 

each other as the population of the Province of Manitoba has not changed very substantially 

over this time period. Y-axis shows numbers on a logarithmic scale. 
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 Table 7: Clinical characteristics of thyroid cancer by decade of presentation. 

 
1970-1980 

 ( N=331) 

1981-1990 

 ( N=410) 

1991-2000 

 ( N=594) 

2001-2010 

 ( N=971) 
p-value 

Mean age in years  49.3+18.4 47.5+18.6 48.0+18.7 49.1+17.0 0.14(NS) 

Gender ratio (Female : Male) 2.5:1 2.8:1 3.6:1 3:1 0.45(NS) 

Median tumor size (IQR) 19.9 (15-22)mm 20 (20-25)mm 21 (20-24)mm 20 (19-22)mm 0.44(NS) 

Tumor size 

distribution 

<1cm 75 (22.6%) 117 (28.5%) 153 (25.8%) 242 (24.9%) 0.54(NS) 

1-2cm 110 (33.2%) 93 (22.7%) 143 (24.1%) 247 (25.5%) 0.47(NS) 

2-4cm 108 (32.6%) 152 (37.0%) 197 (33.1%) 310 (31.9%) 0.63(NS) 

> 4cm 38 (11.6%) 48 (11.8%) 101 (17.0%) 172 (17.7%) 0.53(NS) 

 TNM stage 

I 207 (62.6%) 280 (68.4%) 380 (64.0%) 610 (62.8%) 0.82(NS) 

II 23 (6.9%) 34 (8.3%) 62 (10.4%) 120 (12.4%) 0.61(NS) 

III 32 (9.7%) 52 (12.6%) 62 (10.4%) 125 (12.9%) 0.38(NS) 

IV 69 (20.8%) 44 (10.7%) 90 (15.2%) 116 (11.9%) 0.24(NS)  

Total thyroidectomy  94 (28.4%) 159 (38.9%) 293 (49.3%) 691 (71.2%) <0.001 

Adjuvant radioactive iodine  36 (10.9%) 79 (19.3%) 177 (29.8%) 603 (62.1%) 0.004 

Histology  

 Papillary 192 (58.0%) 278 (67.8%) 459 (77.3%) 834 (85.9%) <0.001 

Follicular  86 (26.0%) 70 (17.1%) 62 (10.4%) 50 (5.1%) <0.001 

Hürthle Cell  3 (0.9%) 24 (5.9%) 22 (3.7%) 36 (3.7%) 0.008 

 Poorly differentiated  9 (2.7%) 1 (0.2%) 3 (0.5%) 3 (0.3%) <0.001 

Medullary  17 (5.1%) 24 (5.9%) 17 (2.9%) 21 (2.2%) 0.003 

Anaplastic  19 (5.7%) 9 (2.2%) 24 (4.0%) 20 (2.1%) 0.046 

 Unspecified*  5 (1.5%) 4 (1%) 7 (1.2%) 7 (0.7%) 0.62(NS) 

Median follow up in months (95% C.I) 419.4 (409.9-428.9) 304.9(296.2-313.7) 188.4(182.5-194.3) 68.5 (65.4-71.6) <0.001 

10 year DSS (N=2296) 85.4 (82.9-90.0)% 92.2 (89.1-94.5)% 89.3(86.5-91.6)% 95.6 (90.5-96.6)% <0.001 

Post treatment 10 year RFS (N=2065) 86.6 (81.1-90.6)% 88.9 (85.1-91.8)% 88.1(84.7-90.6)% 91.9 (89.2-94.1)% 0.18(NS) 

*Carcinoma not otherwise specified 
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At the time of diagnosis, 544 (23.7%) patients had lymph node involvement in the 

neck and 90 (3.9%) patients had evidence of distant metastasis. Multifocal thyroid cancers 

were observed in 742 (32.3%) patients and gross ETE of tumor in 480 (20.9%) cases. Total 

thyroidectomy was performed in 55.1% of all patients and in 54.3% of patients with 

WDTC. In all, 34.8% patients had adjuvant radioactive iodine and 73% of the patients with 

WDTC who had total thyroidectomy received adjuvant RAI. Most patients with 

unresectable macroscopic residual disease in the neck at the time of surgery following total 

thyroidectomy or those at a high risk of disease recurrence, such as patients with T3/T4 

tumors, regional and distant metastasis, received radioactive iodine for differentiated 

thyroid cancer. Complete surgical excision of gross tumor was achieved in 96.1% cases. 

Use of external beam radiation therapy was limited to unresectable macroscopic residual 

disease. The distribution of T stage (p=0.50), N stage (p=0.27) and M stage (p=0.61) and 

the proportion of patients with multifocal disease (p=0.26), gross ETE of tumor (p=0.66) 

or with complete excision of tumor (p=0.40) remained unchanged during the study period. 

 

PTC was the most common histological type and the proportion of PTC steadily 

increased from 58.0% (1970-1980) to 85.9% (2000-2010). Most of the thyroid cancers 

were classical PTC (46.9%), followed by follicular variant (24.2%), encapsulated (2.3%), 

and micro-invasive (1.6%) variants. Sclerosing, solid, tall cell and columnar cell variants 

together accounted for only 1.9% of all thyroid cancers. During the same period, the 

proportion of all thyroid cancers that were diagnosed as FVPTC increased from 12.4% to 
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32.9% (Table 7), whereas the proportion of FTC fell from 26% to 5.1% (p<0.001) and 

anaplastic carcinoma from 5.7% to 2.1% (p<0.001) (Figure 7). 

 

Figure 7: Changing patterns of histopathology of thyroid cancer in Manitoba. 

 The chart shows a steady increase in the proportion of PTC and a decline in the proportion 

of FTC to ATC. Unclassified differentiated carcinoma represents the top light blue portion. 

The actual number of PTC also rose from 86 (1970-1975) to 516 (2006-2010), whereas 

that of FTC decreased from 37 to 28 and ATC from 18 to 12 during the same time period. 

 

The proportion of MTC has remained nearly unchanged over this period. The 

proportion of the patients undergoing total thyroidectomy increased by two and a half times 

between 1970-1980 and 2001-2010 (p<0.001), while those receiving adjuvant radioactive 

iodine increased by over five times (p=0.004).  
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4.2.2 Epidemiological analysis of oncological outcomes  

Oncological outcomes of treatment with curative intent were assessed in the 2065 

patients who underwent primary surgical treatment after excluding cases that were 

diagnosed only on autopsy or death report (n=60), those who died before surgery (n=64), 

and non-surgical candidates (n=35). Those who refused treatment (n=24) or had their 

primary surgery or follow-up performed in another province/country (n=48) were also 

excluded. Seventy eight (3.8%) patients had post-surgery macroscopic residual disease and 

they were excluded from the model to predict the risk of relapse. During the median follow-

up of 10.5 years (IQR=4.8-18.8 years), 200 (9.7%) patients had clinical/radiological 

evidence of recurrent disease after at least 6 months following an initial successful 

treatment. The recurrences were in the residual thyroid lobe or thyroid bed in 23 (11.5%) 

cases, in the central compartment of neck in 64 (32%), in the lateral compartment of neck 

in 44 (22%), at a distant metastatic site in 54 (27%), and at multiple sites in 15 (7.5%) 

cases. RFS after 10 years of radical treatment was 89.3% (95% CI: 87.7-90.8%) and 90.5% 

of all recurrences were observed during this period (69.5% within first 5 years). Ten year 

RFS has not changed significantly over the last four decades (Table 7). 

 

In all, 201 patients died from thyroid cancer (CFR -8.8%) and 76% of all thyroid 

cancer related deaths were observed within 10 years (54.9% within first 5 years). The CFR 

for different histological types of thyroid cancer is summarized in Table 8. Of all deaths 

due to thyroid cancer, 63 (31.3%) had papillary carcinoma, 60 (29.9%) anaplastic, 24 
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(11.9%) follicular, 21 (10.4%) medullary, 15 (7.5%) Hürthle cell, 8 (4%) poorly 

differentiated, and 10 (5%) had unspecified thyroid carcinoma.  

 

Table 8: Case fatality rate and survival by histological types of thyroid cancers. 

 

Tumor histology had a very significant impact on the DSS and RFS (Table 8). PTC 

had the best DSS rates (96.8% at 10 years and 94.6% at 20 years), whereas only 7.3% with 

anaplastic cancer survived for 10 years. The DSS of the Manitoba thyroid cancer cohort by 

Kaplan-Meier product limit method, over the last four decades, is shown in Figure 8. The 

10 year thyroid cancer specific survival (DSS) of the Manitoba thyroid cancer cohort 

(N=2296) was 91.8% (95% CI: 90.5-92.9%) which improved significantly from 85.4% 

(1970-1980) to 95.6% (2001-2010) (Table 7). The factors responsible for this improvement 

in DSS were investigated by a multivariable analysis by competing risk hazard model. 

Histological Type CFR 10 year DSS (95% CI) 10 year RFS (95% CI) 

Papillary (N=1763) 3.6% 96.8 (95.7-97.7)% 87.7 (85.9-89.4)% 

Follicular (N=268) 9.0% 91.5 (87.0-94.5)% 87.3 (82.4-91.0)% 

Hürthle Cell (N=85) 17.6% 81.4 (69.7-89.0)% 69.8 (57.9-79.0)% 

Medullary (N=79) 26.6% 77.6 (65.4-85.9)% 27.3 (6.5-53.9)% 

Poorly differentiated (N=39) 31.2% 74.1 (28.9-93.0)% 52.0 (38.5-63.9)% 

Anaplastic (N=72) 83.3% 7.3 (2.4-15.9)% 1.4 (0.1-6.7)% 
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Figure 8: The disease specific survival of the Manitoba thyroid cancer cohort. 

Ten-year DSS as calculated by Kaplan-Meier method shows a steady improvement from 

85.4% to 95.6% from 1971-1980 to 2001-2010. Y-axis shows proportion of patients 

surviving at any point in time. 

 

In view of a lengthy follow-up of over 40 years and low disease specific mortality 

of thyroid cancer, CIF by competing risk regression analysis was performed. Figure 9 

shows an 8.1% reduction (from 12.6 to 4.5%) in death due to thyroid cancer after 5 years 

of follow-up. It is evident that there was a statistically significant difference between the 

risk of dying from thyroid cancer between the decades of 1970s and 1980s, and this 

remained statistically unchanged between the 1980s and the 1990s. There was a further 

reduction in thyroid cancer related mortality in the 2000s.  
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Figure 9: Cumulative incidence of death from thyroid cancer over 10 years after diagnosis. 

Cumulative incidence of death has been calculated by competing risk analysis. Values of 

proportional cumulative hazard of along the Y-axis shows the total number of deaths from 

thyroid cancer at any point in time after treatment. Vertical line at 60 months shows a 

reduction in death due to thyroid cancer after 5 years of follow-up, from 12.6% (1970-

1980) to 4.5% (2001-2010). 

 

Multivariable analysis by Cox proportional hazard model is shown in Table 9. The 

DSS was adversely influenced independently by non-papillary histology, especially 

anaplastic histology (HR=8.7; 95% CI:5.2-14.5; p< 0.001), male gender (HR=1.8;95% 

CI:1.3-2.5; p= 0.001), TNM stage III (HR=2.30; 95% CI:1.00-5.29, p= 0.05), and stage IV 

(HR=8.37; 3.99-17.54, p< 0.001), incomplete surgical resection (HR=2.4; 95% CI:1.4-4.2, 

p= 0.002) and age at diagnosis (HR=1.05 per year; 95% CI:1.03-1.06; p< 0.001).  
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Table 9: Multivariable analysis by Cox proportional hazard models for independent influence 

of prognostic factors on disease specific survival. 

Prognostic Factor Hazard Ratio (95% CI) 

Age at the time of diagnosis (per year) 1.05 (1.03-1.06), p<0.001 

Gender (Male versus Female) 1.79 (1.28-2.51), p=0.001 

Extent of Thyroidectomy (Hemi versus Total ) 0.991 (0.60-1.64), p=0.971 (NS) 

Completeness of resection (Incomplete versus complete) 2.40 (1.37-4.19), p=0.002 

Adjuvant Radioactive iodine (RAI versus no RAI) 1.59 (0.91-2.79), p=0.101 (NS) 

AJCC TNM stage grouping 

Stage I 1.00 (reference) 

Stage II 1.94 (0.78-4.84), p=0.155 (NS) 

Stage III 2.30 (1.00-5.29), p= 0.05 

Stage IV 8.37 (3.99-17.54), p< 0.001 

Histology 

Papillary 1.00 (reference) 

Anaplastic 8.66 (5.18-14.49), p< 0.001 

Medullary 2.62 (1.48-4.66), p= 0.001 

Hürthle 2.23 (1.21-4.14), p= 0.010 

Follicular 1.76 (1.01-3.09), p=0.047 

Decade of diagnosis 

1970-1980 1.00 (reference) 

1981-1990 0.92 (0.56-1.53), p=0.753 (NS) 

1991-2000 1.40 (0.91-2.17), p=0.126 (NS) 

2001-2010 0.65 (0.40-1.08), p=0.096 (NS) 
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 Each of these factors, except for the histology, has remained unchanged during the 

study period (Table 7). The extent of thyroidectomy, use of adjuvant RAI, or the decade of 

diagnosis did not have any significant independent influence on DSS in multivariable 

analysis (Table 9).  

 

4.2.3 Development and validation of the Manitoba thyroid prognostic nomogram 

 As the CFR of ATC was extremely high and the 10 year DSS and RFS were very 

poor (Table 8), the multivariable analyses for competing risks of death and relapse was 

performed again, but restricted to non-ATC. The behavior of familial MTC is largely 

determined by their specific gene mutations. Therefore, the familial MTC (N=10) were 

excluded from multivariable analysis. On multivariable analysis, the patient’s  age and 

gender; T,N and M stages; histological type; presence of distant metastasis; and post-

treatment macroscopic residual disease were important determinants of cumulative 

incidence of death due to thyroid cancer (Table 10). The competing risk sub-hazard model 

confirmed these observations of Cox regression analysis (Table 9).  

 

 Lymph node positivity had a very significant impact (p<0.001) on the cumulative 

incidence of relapses after complete resection of macroscopic disease (Table 11) but not 

on the incidence of deaths from thyroid cancer (p=0.063) (Table 10). The extent of 

thyroidectomy did not have any independent impact on the risk of dying from cancer and 

adjuvant radioactive iodine showed collinearity with total thyroidectomy. Consequently, 

both of these parameters were not included in the nomogram. Age showed a very 
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interesting non-monotonic relationship of age with relapse of thyroid cancer but a linear 

relation with the risk of deaths from thyroid cancer. After controlling for other factors, the 

risk of thyroid cancer relapse was found to be at minimum at 40 years. It showed a trend 

to increase from this base line in both younger and older patients.  

Table 10:  Prognostic factors influencing cumulative incidence of death from thyroid 

cancer in proportional hazards regression for sub-distribution of competing risks 

(N= 2226). 

 

Prognostic factors 

 

Sub-hazard 

ratio (SHR) 
95% C.I p-value 

Age (10-year increments) 1.67 1.47 - 1.91 p<0.001 

Gender (Male Vs Female) 2.195 1.49 - 3.24 p<0.001 

Histology    

Histology (Medullary Vs Papillary) 4.219 2.40 - 7.42 p<0.001 

Histology (Follicular Vs Papillary) 1.122 0.67 - 1.89 p=0.664 

Distant Metastasis 8.462 4.86 - 14.75 p<0.001 

T Stage    

T4Vs T1 3.439 1.73 - 6.83 p<0.001 

T3 Vs T1 2.580 1.30 - 5.04 p=0.007 

T2 Vs T1 1.519 0.74 - 3.13 p=0.257 

Post-treatment Residual Disease 2.412 1.40 - 4.15 p=0.001 

Regional lymph node involvement 2.212 0.97-5.03 p=0.063 

Extent of thyroidectomy (Total Vs Hemi ) 1.521 0.86-1.41 p=0.151 
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Table 11: Prognostic factors influencing cumulative incidence of thyroid cancer relapse in 

proportional hazards regression for sub-distribution of competing risks (N= 

1977). 

Prognostic factors 
Sub-hazard 

ratio (SHR) 
95% C.I p-value 

Agea (0-35 years) 0.952 0.92 - 0.98 p=0.002 

Age'a (>50 years) 1.118 0.99 - 1.25 p=0.053 

Age'' a (35-50 years) 0.788 0.55 - 1.13 p=0.195 

Gender ( Male Vs Female) 1.607 1.16 - 2.22 p=0.004 

Histology  

Medullary Vs Papillary 2.371 1.39 - 4.05 p=0.002 

Hürthle/Poorly diff. Vs Papillary 2.651 1.51 - 4.64 p=0.001 

Follicular Vs Papillary 0.768 0.43 - 1.37 p=0.370 

Distant Metastasis 11.593 5.00 - 26.90 p<0.001 

Regional lymph node involvement 2.414 1.68 - 3.47 p<0.001 

T Stage  

T4Vs T1 2.728 1.52 - 4.89 p=0.001 

T3 Vs T1 2.372 1.62 - 3.47 p<0.001 

T2 Vs T1 1.189 0.77 - 1.83 p=0.432 

Extent of thyroidectomy (Hemi Vs Total) 0.803 0.56 - 1.12 P=0.221 

a Non-monotonic relationship of age with relapse of thyroid cancer 

 

 Based on the subhazard ratio of independent prognostic factors, we constructed 

nomograms to predict the risks of death and relapse of thyroid cancer (Figure 10).  
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Figure 10: Thyroid cancer prognostic nomograms to predict the risks of (a) death and (b) 

relapse from thyroid cancer. 

Blue arrows show that a 70-year old male patient, who underwent complete resection of a 

T3N0M0 PTC, without any evidence of residual disease [94 points on risk of thyroid cancer 

death nomogram (a) and 75 points on risk of relapse nomogram (b)], had a 6% predicted 

risk of death 9% and predicted risk of relapse from thyroid cancer within 10 years after 

treatment. If the same patient had MTC (red arrows) instead of PTC, he would have a 25% 

predicted risk of relapse and 24% predicted risk of death over the same time period.  

a 

b 
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Figure 10 shows that a 70-year old (21 points) male (19 points) patient, who 

underwent complete resection of a T3 (35 points) N0 (0 point) M0 (0 point) PTC (0 point), 

had a 9% predicted risk of relapse of thyroid cancer (Figure 10b; blue arrows indicate a 

total of 75 points), and a 6% predicted risk of death from thyroid cancer within 10 years of 

treatment [Figure 10a; blue arrows indicate a total of 94 points for age(67 points) male 

gender (12 points) and T3 tumor (15 points)]. If the same patient had MTC (red arrows) 

instead of PTC, he would have a 25% predicted risk of relapse (119 points; Figure 10b) 

and 24% predicted risk of death over the same time period (119 points; Figure 10b). 

Further, if the same patient had T3 PTC with pulmonary metastasis (100 additional points 

for the risk of relapse and 38 additional points for the risk of death from thyroid cancer), 

these nomograms would predict 68% risk of relapse and 40% predicted risk of death from 

thyroid cancer within 10 years following treatment.  

  

 Discrimination is the ability of a model to separate subject outcomes between the 

predicted probability and the observed response. Our model had a high c-index for 

predicting the risks of thyroid cancer related death (0.92) and relapse of thyroid cancer 

(0.76), indicating an excellent discrimination capability, where the c-index of 1 is ideal. 

The marginal estimate was plotted against the model average predictive probability as 

calibration plots and most of the predictions fell on the 45-degree diagonal line (Figures 

11a & b).  
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Figure 11: Calibration plots for predicting the risk of thyroid cancer related (b) deaths 

and (a) relapses. 

The calibration plots show observed survival plotted against the predicted survival. An 

ideal calibration curve falls on the 45-degree diagonal line. The calibration curves were 

very close to the diagonal showing that most of the predictions were either close to or on 

the 45-degree diagonal line suggesting good calibration.  

 

a 

b 
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4.2.4 Comparison with existing staging/risk stratification systems for thyroid cancer 

The Manitoba thyroid prognostic model was compared with 12 existing staging 

system in a subset of 1900 patients (450 males and 1450 females), who had a follow-up of 

22,287 patient-years. The mean age of the patients was 47 + 17 years and PTC was the 

most commonly observed histological type in 1533 (80.7%) patients, followed by follicular 

carcinoma (FTC) in 193 (10.2%) patients, Hürthle cell in 70 (3.7%), poorly differentiated 

carcinoma in 39 (2.1%), and medullary carcinoma in 65 (3.4%) patients. TNM 

classification as well as stage/class/risk group distribution of patients with non-ATC, 

WDTC and PTC is summarized in Table 12. 

Table 12: Stage distribution for different staging/risk stratification systems. 

Staging Group 
Papillary 

(N=1533) 

Differentiated 

(N=1796) 

Non- 

Anaplastic 

(N=1900) 

T category 

T1 756 (49.32%) 821 (45.71%) 855 (45.00%) 

T2 398 (25.96%) 505 (28.12%) 532 (28.00%) 

T3 310 (20.22%) 388 (21.60%) 414 (21.79%) 

T4 69 (4.50%) 82 (4.57%) 99 (5.21%) 

N category 

N0 1127 (73.52%) 1371 (76.34%) 1431 (75.32%) 

N1 406 (26.48%) 425 (23.66%) 469 (24.68%) 

M category 

M0 1509 (98.43%) 1764 (98.22%) 1858 (97.79%) 

M1 24 (1.57%) 32 (1.78%) 42 (2.21%) 

Tumor, Node, 

Metastases 

Stage I 1086 (70.84%) 1213 (67.54%) 1213 (65.21%) 

Stage II 148 (9.65%) 210 (11.69%) 210 (12.00%) 
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 (AJCC-TNM) 

Classification 

7th Edition 

Stage III 181 (11.81%) 230 (12.81%) 230 (12.89%) 

Stage IV 118 (7.70%) 143 (7.96%) 143 (9.89%) 

National Thyroid 

Cancer Treatment 

Cooperative Study 

(NTCTCS) 

Stage I 781 (50.95%) 801 (44.60%) 801 (42.68%) 

Stage II 443 (28.90%) 510 (28.40%) 510 (27.47%) 

Stage III 292 (19.05%) 460 (25.61%) 460 (26.95%) 

Stage IV 17 (1.11%) 25 (1.39%) 25 (2.89%) 

European 

Organization for 

Research and 

Treatment of 

Cancer (EORTC) 

Group 1 784 (51.14%) 887 (49.39%) 887 (48.21%) 

Group 2 410 (26.74%) 477 (26.56%) 477 (26.42%) 

Group 3 261 (17.03%) 321 (17.87%) 349 (18.37%) 

Group 4 76 (4.96%) 106 (5.90%) 127 (6.68%) 

Group 5 2 (0.13%) 5 (0.28%) 6 (0.32%) 

Mayo Clinic (Age, 

Grade, Extent, 

Size or AGES) 

Group 1 571 (37.25%) 648 (36.08%) 

Not Applicable 

Group 2 379 (24.72%) 411 (22.88%) 

Group 3 342 (22.31%) 416 (23.16%) 

Group 4 241 (15.72%) 321 (17.87%) 

Virgen de la 

Arrixaca 

University at 

Murcia (Murcia) 

Low risk 1173 (76.52%) 1348 (75.06%) 

Not Applicable Medium risk 325 (21.20%) 403 (22.44%) 

High risk 35 (2.28%) 45 (2.51%) 

Mayo Clinic 

(Metastases, Age, 

Completeness of 

Resection, 

Invasion, Size or 

MACIS) 

Group 1 1261 (82.26%) 1430 (79.62%) 

Not Applicable Group 2 152 (9.92%) 194 (10.80%) 

Group 3 64 (4.17%) 90 (5.01%) 
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Group 4 56 (3.65%) 82 (4.57%) 

University of 

Chicago 

(Clinical Class) 

Class 1 923 (60.21%) 1083 (60.30%) 

Not Applicable 

Class 2 225 (14.68%) 231 (12.86%) 

Class 3 361 (23.55%) 450 (25.06%) 

Class 4 24 (1.57%) 32 (1.78%) 

Ohio State 

University (OSU) 

Stage 1 433 (28.25%) 456 (25.39%) 

Not Applicable 

Stage 2 715 (46.64%) 859 (47.83%) 

Stage 3 361 (23.55%) 449 (25.00%) 

Stage 4 24 (1.57%) 32 (1.78%) 

University of 

Müntser 

(Müntser) 

Low risk 1449 (94.52%) 1694 (94.32%) 

Not Applicable 

High risk 84 (5.48%) 102 (5.68%) 

University of 

Alabama and 

M.D. Anderson 

(UAB & MDA) 

Low risk 901 (58.77%) 1024 (57.02%) 

Not Applicable Intermediate risk 608 (39.66%) 740 (41.20%) 

High risk 24 (1.57%) 32 (1.78%) 

Lahey Clinic (Age, 

Metastases, 

Extent, Size or 

AMES) 

Low risk 1341 (87.48%) 1547 (86.14%) 

Not Applicable 

High risk 192 (12.52%) 249 (13.86%) 

Memorial Sloan 

Kettering (Grade, 

Age, Metastases, 

Extent, Size or 

GAMES) 

Low risk 633 (41.29%) 633 (35.24%) 

Not Applicable Intermediate risk 773 (50.42%) 871 (48.50%) 

High risk 127 (8.28%) 292 (16.26%) 

Relapse free survival at 20 years 86.0% 86.0% 84.3% 

Disease specific survival at 20 years 94.9% 93.4% 92.7% 
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Total thyroidectomy was performed in 1047 patients (55.1%) and 982 patients 

(54.7%) with differentiated thyroid cancers; 717 (73.0%) of these received adjuvant 

radioactive iodine. Sixty (3.2%) patients had post-treatment residual disease. All patients 

of WDTC, who had unresectable macroscopic residual disease in the neck following total 

thyroidectomy or those, who were at a high risk of disease recurrence, i.e. those with T3/T4 

tumors, regional and distant metastasis, received RAI. Use of external beam radiation 

therapy was limited to unresectable macroscopic residual disease. During the median 

follow-up of 11.59 years (inter-quartile range= 7.13-19.24 years), 181 (9.53%) patients had 

clinical/radiological evidence of recurrent disease after at least 6 months following an 

initial successful treatment. During the course of follow-up, 106 (5.6%) patients died of 

their disease. 

 

Degree of freedom (m) and -2 log likelihood (-2LL) obtained by using competing 

risk analysis were used to calculate AIC, Delta AIC, and concordance indices for different 

staging systems in predicting the risk of death from PTC (Table 13), differentiated thyroid 

cancers of follicular cell origin (Table 14), and all non-ATC (Table 15). The thyroid 

prognostic nomogram model had the lowest AICs and highest concordance indices for risk 

of death from non-ATC (AIC=1161.82, c-index=0.944), differentiated thyroid cancers of 

follicular cell origin (AIC=822.43, c-index=0.941) and PTC (AIC=451.64, c-

index=0.947), suggesting it to be the best among the compared models. In terms of AIC, 

TNM-AJCC Classification was the next best model for predicting risk of death from all 
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non-ATC and MACIS was the next best model for differentiated thyroid cancers of 

follicular cell origin and more specifically for PTC. 

 

Table 13: AIC, Delta AIC, Akaike weight, and Evidence Ratio for risk of death from papillary 

thyroid carcinoma for various staging systems. 

 

                                                           
1 𝐴𝐼𝐶 =  −2𝐿𝐿 + 2𝑚  
2 ∆𝑖= 𝐴𝐼𝐶𝑖 − 𝑚𝑖𝑛𝐴𝐼𝐶 

Staging system AIC1 ∆𝐢
2 C- Index 

Nomogram 471.6354 0 0.947 

MACIS 480.053 8.417 0.904 

AMES 506.3923 34.757 0.908 

Clinical Class 511.4453 39.810 0.910 

OSU 511.4632 39.828 0.905 

NTCTCS 511.7387 40.103 0.920 

Münster 517.1069 45.472 0.849 

EORTC 523.1761 51.541 0.797 

UAB & MDA 528.926 57.291 0.845 

AGES 529.3788 57.743 0.906 

TNM Classification 530.1004 58.465 0.892 

GAMES 547.2368 75.601 0.882 

Murcia 559.8731 88.238 0.850 
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Table 14: AIC, Delta AIC, Akaike weight, and Evidence Ratio for risk of death from 

differentiated thyroid carcinoma for various staging systems. 

Staging system AIC ∆𝐢 C- Index  

Nomogram 8224342 0 0.941 

MACIS 8580169 355827 0.889 

AMES 8994295 769953 0.842 

Clinical Class 8909118 684776 0.866 

OSU 8924191 699849 0.876 

NTCTCS 8853948 629606 0.888 

Münster 9134634 910292 0.782 

EORTC 9206111 981769 0.830 

UAB & MDA 9322623 1098281 0.783 

AGES 9211526 987184 0.864 

TNM Classification 9051132 82679 0.865 

GAMES 9498399 1274057 0.856 

Murcia 9791918 1567576 0.776 

 

Table 15: AIC, Delta AIC, Akaike weight, and Evidence Ratio for risk of death from non-

anaplastic thyroid carcinoma for various staging system 

Staging system AIC ∆𝐢 C- Index  

Nomogram 1161819 0 0.944 

TNM Classification 1276576 114757 0.873 

NTCTCS 1282011 120192 0.883 

EORTC 1320669 15885 0.842 
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4.2.5 Development and validation of web-based computerized prognostic model 

A web-based computerized model (www.survivalcurves.net) to predict cancer 

survival for thyroid cancer was developed that uses the prognostic factors i.e. age, gender, 

TNM stage, histology from the Cox proportional hazard model to plot survival curves for 

thyroid cancers. For this purpose, two randomly selected development and validation 

samples were used. These samples were similar to each other in terms of the age and gender 

distribution, even though slightly higher proportion of female patients were randomly 

selected in the validation sample.  Their follow-up duration was also comparable (Table 

16). 

 

Table 16: Development and validation samples for web-based prognostic model.  

 
Development Sample 

(N=1161) 

Validation Sample 

(N=1135) 
p-value 

Age in years 48.5 + 17.7 48.7 + 18.3 0.882 

Female Gender 819 (73.2% ) 823 (76.9%) 0.052 

Follow-up in years 12.8 + 10.1 12.5 + 9.7 0.397 

  

 On multivariable analysis by the Cox proportional hazard model restricted to the 

development sample, the DSS was independently influenced by the age at diagnosis, male 

gender completeness of resection, and tumor histology as well as by their T, N and M 

stages (Table 17). ` For the long-term disease-specific survival of thyroid cancer, the 

presence of distant metastasis was the most important factor influencing DSS (HR=10.4; 

p<0.001), followed by anaplastic histology (HR=8.8; p<0.001).  

http://www.survivalcurves.net/
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 Table 17: Cox Proportional Hazard Model for development sample. 

Variable Hazard Ratio 95% (CI) p-value 

Age at diagnosis in years 1.07  (1.04, 1.09) <0.001 

Gender ( Male vs. female) 3.0  (1.6, 5.8) 0.001 

Histological type  0.001 

Follicular vs. Papillary 2.4 (0.8, 7.2)  

Hürthle Cell vs. papillary 3.0  (1.2, 7.7)  

Poorly differentiated/ 

Medullary vs. Papillary 

6.3  (2.5, 15.8)  

Anaplastic vs. Papillary 8.4  (2.1, 33.2)  

T stage 0.078 

T2 vs. T1 1.5  (0.5, 5.0)  

T3 vs. T1 3.8  (1.3, 11.1)  

T4a vs. T1 3.8  (1.0, 14.0)  

T4b vs. T1 3.3  (0.8, 13.7)  

N stage  0.043 

N1a vs. N0 3.6  (1.4, 9.3)  

N1b vs. N0 4.0  (1.8, 8.9)  

M stage (M1 vs. M0) 13.6  (5.0, 37.0)  <0.001 

Completeness of resection 2.8  (1.1,7.0) 0.025 

  

 ROC curves were used to evaluate the Cox proportional hazard model developed 

for predicting long-term DSS beyond the first year (Figures 12).  
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1 - Specificity 

   

 

 

 

 

 

 

 

 

 

 

 

1 – Specificity 

Figure 12:  ROC curve for (a) development and (b) validation samples. 

Sensitivity is plotted against 1-specificity on a unity square to indicate both sensitivity and 

specificity of the model. The ROC curves are far from the chance diagonals and never 

actually touch it. The AUROC is 0.87 for development and 0.82 for validation samples. 
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 The ROC curves show that the Cox proportional hazard model, for the validation 

sample (Figures 12b), had similar prediction capability of the long-term survival as the Cox 

proportional hazard model developed from the development sample (Figures 12a). The 

area under curve was 0.87 (95% CI: 0.83-0.92) for development and 0.82 (95% CI: 0.77-

0.87) for validation samples. The large area under the curve (>0.80) indicates good 

accuracy (validity). The 95% CI did not include the chance probability (0.50). The CIs 

were quite narrow (<0.10), which indicates good reliability (precision) of the estimate. For 

both samples, the ROC curves were far from the chance diagonals and never actually 

touched it.  

 

Figure 13 shows the screenshots of the web pages with survival curves and 95% CI 

plotted to show three case scenarios of 10-year DSS probability of a 70-year old male. 

After complete surgical resection of T3N0M0 PTC, the likelihood of 10-year DSS would 

be 94% (95% CI: 90-97%). In the presence of distant metastasis (T3N0M1 PTC) his 10-

year DSS probability would be only 61% (95% CI: 46-79%). If the same patient had 

T3N0M0 MTC, the likelihood of 10-year DSS would be 74% (95% CI: 63-87%). This 

web-based model offers the option of adding 95% CI to the DSS curve. The orange and 

purple curves on either side of the blue DSS curve represent the upper and lower limits of 

95% CI. The survival probability at any time point up to 30 years can be obtained by 

moving the cursor along the curve. The corresponding points on the two outer curves 

(orange and purple) represent the 95% CI. This model is freely available online for 

exclusive use by healthcare professionals.   
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Figure 13: Disease specific survival of a 70-year old male with (a) T3N0M0 PTC (b) 

T3N0M0 MTC (c) T3N0M1 PTC. 

The orange and purple curves on either side of the blue DSS curve represent the upper 

and lower limits of 95% CI. 

a 

b 

c 
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4.2.6 External validation of the Manitoba prognostic model 

The web-based Manitoba prognostic model was further validated on an 

independent external cohort that included 1454 thyroid cancer patients treated and followed 

up at London Health Sciences Centre for a total of 12273 patient-years. The cohort has 305 

(21.0%) males and 1149 (79.0%) females with a mean age (+ standard deviation) of 

45.7+14.5 years. PTC was seen in 1349 (92.8%) patients and FTC in 102 (7.0%). Three 

(0.2%) had PDTC. Histology had a significant impact on survival (p<0.001) (Figure 14). 

At the time of diagnosis, 350(24.1%) patients had cervical lymph node involvement and 

36 (2.5%) patients had evidence of distant metastasis. Gross ETE of tumor were observed 

in 284 (19.5%) patients. Complete surgical resection was attempted and achieved in 1263 

(86.9%) cases and 1236 (85.0%) patients received adjuvant RAI. 

 

Figure 14: Disease specific survival of London, ON cohort, based on the histology. 

DSS was calculated by Kaplan-Meier method. Ten-year DSS was 99.1% for PTC, 94.9% 

for FTC, and 66.8% for PDTC. PDTC had a significantly lower DSS (p<0.001) as 

compared to FTC and PTC. 
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According to UICC-TNM classification, 987 (67.9%) patients had stage I disease, 

186 (12.8%) had stage II, 197(13.5%) had stage III disease and 76 (5.2%) had stage IV 

disease. Eight (0.6%) cases did not have adequate information to ensure proper staging. 

During a median follow-up of 7.0 years (IQR= 4.8-10.7), 167 (11.5%) patients had 

clinical/radiological evidence of recurrent disease and at the last follow-up 116 (8.0%) 

were alive with disease, whereas 15 (1%) patients had died due to their thyroid cancer. 

Five-year DSS was 99.4% and 10-year DSS was 98.9%. The Manitoba prognostic model, 

was validated on an independent external cohort of thyroid cancer patients with a c-index 

(AUROC) = 0.96 (Figure 15). This indicated excellent discrimination and a very narrow 

95% CI (0.93-0.97), indicated a very good reliability.  

 

 

 

 

 

 

 

 

 

 

Figure 15: ROC curve showing predicted and actual disease specific survival. 

The ROC curve of external validation using the London, ON cohort is very far from the 

chance diagonal and never actually touches it. The AUROC is 0.96 (95% CI: 0.93-0.97). 
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4.2.7 Prognostic importance of distant metastasis in TNM staging 

Our population cohort of 2118 consecutive WDTC patients showed that the DSS 

of stage II metastatic carcinoma was very similar to stage IVB (p=0.530, NS) and IVC 

(p=0.127, NS) (Figure 16).  

 

 

Figure 16: Disease specific survival of WDTC in the Manitoba thyroid cancer cohort.  

DSS of metastatic WDTC in patients <45 years (stage II metastatic) is intermediate 

between stages IVB and IVC (metastatic WDTC in patients > 45 years). It was significantly 

different from non-metastatic WDTC in patients > 45 years (stage II metastatic). DSS was 

calculated by Kaplan-Meier method. Y-axis shows proportion of patients surviving at any 

point in time.  
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A subset analysis was done on 215 stage II WDTC patients with the mean age of 

58.0 ± 11.8 years and 164 (76.3%) patients were females. The median tumor size was 

30mm (IQR= 25-35mm) and 209 (97.2%) patients had T2 tumor; 2 (0.9%) had T1, 1 

(0.5%) T3 tumor, and 3 (1.4%) had T4 tumor. Eight (3.7%) patients had metastatic WDTC 

and 5 (2.3%) were node positive. One hundred fifty two (70.7%) patients had papillary 

carcinoma, followed by 40 (18.6%) follicular carcinoma, and 23 (10.7%) had Hürthle cell 

carcinoma. Total thyroidectomy was performed in 108 (50.2%) and 47(21.9%) received 

adjuvant radioactive iodine treatment.  

 

During a median follow-up of 134.3 months (IQR= 80.7-211.6 months), 19 (8.8%) 

patients had recurrent or persistent disease. At the time of last contact, 142 (66%) patients 

were alive without any evidence of disease and 3 (1.4%) with disease. Nine (4.2%) had 

died due to the disease, 17 (7.9%) due to a second primary cancer and 44 (20.4%) due to 

other causes. The demographics and clinical presentation of metastatic and non-metastatic 

stage II WDTC were significantly different (Table 18). A similar proportion of patients 

had PTC and total thyroidectomy in both groups. However, there was a significant 

difference (p< 0.001) in the DSS and the RFS of metastatic and non-metastatic stage II 

WDTC (Table 18). Metastatic and non-metastatic stage II WDTC had a 15 year DSS of 

41.7% and 96.7%, respectively.  

 

Cox proportional hazard model to assess the independent influence of various 

prognostic factors on oncological outcome of stage II WDTC showed a 52 times higher 
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risk of death in metastatic stage II WDTC as compared to non-metastatic stage II WDTC, 

and a 17 times higher risk of death was seen in males as compared to the females (Table 

19).  

Table 18: Clinical characteristics and oncological outcome of non-metastatic and 

metastatic stage II well differentiated thyroid carcinoma (N=215). 

 T2N0M0 

(patient age>45 

years) (N=207) 

Any T, any N, M1 

(patient age<45 

years) (N=8) 

p-

value 

Mean Age 58.9 ± 11.0 years 34.9 ± 7.7 years <0.001 

Gender (F:M) 4:1 1:3 0.001 

Papillary thyroid carcinoma 69.6% 100% NS 

T2 tumor 100% 25% <0.001 

Lymph node involvement (N+) 0% 50.0% <0.001 

Distant metastasis (M1) 0% 100% <0.001 

Total thyroidectomy 50.5% 75.0% NS 

Radioactive iodine 38.2% 75.0% 0.027 

Extra-thyroidal spread 0% 37.5% <0.001 

Complete resection 99% 75% 0.002 

Recurrence or residual disease 5.8% 87.5% <0.001 

Dead of disease 2.4% 50% <0.001 

10 year RFS 93.3% 12.5% <0.001 

15 year DSS 96.7% 41.7% <0.001 
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Table 19: Multivariable analysis by Cox proportional hazard model for independent 

influence of prognostic factors on disease specific survival of stage II well 

differentiated thyroid carcinoma (N=215). 

Prognostic Factor Hazard Ratio (95% CI) 

Distant Metastasis (M stage) 52.28 (7.49-365.93), p< 0.001 

Gender (Male versus Female) 16.77 (2.81-99.94), p=0.002 

Completeness of resection (Incomplete versus complete) p=0.057(NS*) 

Age at the time of diagnosis (per year) p=0.147(NS) 

Extent of thyroidectomy (Hemi versus Total ) p=0.373(NS) 

Adjuvant Radioactive Iodine (RAI versus no RAI) p=0.417(NS) 

Lymph node involvement (N stage) p=0.524(NS) 

Histology (Hürthle cell vs others) p=0.795(NS) 

Primary Tumor (T Stage) p=0.859(NS) 

 

The Manitoba thyroid cancer cohort contains 106 metastatic thyroid cancer cases 

that includes 61 metastatic WDTC (2.9% of all WDTC) with a mean age of 65.4 + 16.1 

years and 30 (49.2%) female patients. Forty three (70.5%) patients had papillary 

carcinoma, 14(23.0%) follicular carcinoma, and 4 (6.5%) had Hürthle cell carcinoma. 

There were significantly higher proportions of PTC and female patients in the < 45 years 

age group (Table 20). As expected stage IVC patients were significantly older than stage 

II. Eleven (18.0%) patients had T1 tumor, 10 (16.4%) had T2, 19 (31.2%) T3 tumor 

whereas 21 (34.4%) had T4 tumor. 



  
 

121 
 
 

 

Table 20: Clinical characteristics and outcome of metastatic stage WDTC (n=61).  

 

 Stage II (Any T, any N, 

M1) (N=8) 

Stage IVC (Any T, 

any N, M1) (N=53) 

p-value 

Age 34.9 ± 7.7 years 70.3 ± 11.1 years <0.001 

Gender (F:M) 1:3 1:1 <0.001 

PTC 100% 57.4% 0.020 

T1/T2 tumor 50% 31.1% NS* 

T3/T4 tumor 50% 68.9% NS 

Lymph node involvement  50.0% 55.7% NS 

Total thyroidectomy 75.0% 84.2% NS 

Radioactive iodine 75.0% 68.4% NS 

Extra-thyroidal spread 37.5% 32.1% NS 

Complete resection 75% 66.7% NS 

Post-treatment persistence 87.5% 93.0% NS 

Dead of disease 50% 78.9% NS 

10 year RFS 12.5% 4.7% NS 

15 year DSS 41.7% 9.9% NS 

 

Fifty three (86.9%) patients showed signs of clinical, radiological or biochemical 

evidence of recurrent or persistent disease. At the time of the last follow-up 3 (4.9%) 

patients were alive without any evidence of disease and 7 (11.5%) were alive with disease. 

In the meantime, 46 (75.4%) patients had died because of WDTC, and 5 (8.2%) due to 
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other causes. There was no difference in the DSS (p=0.127) and RFS (p=0.591) of the two 

groups. To assess the independent influence of prognostic factors on DSS of metastatic 

WDTC, multivariable analysis was performed by Cox proportional hazard model. It 

showed no difference between metastatic stage II and stage IVC WDTC (Table 21). 

Adjuvant radioactive iodine reduced the risk of death from metastatic WDTC by 80%. 

Males with metastatic WDTC were 6.3 times more likely to die of their disease as 

compared to their female counterpart. Incomplete resection and Hürthle cell histology were 

the other two independent determinants of survival in metastatic WDTC (Table 21). 

 

Table 21: Multivariable analysis by Cox proportional hazard model for independent 

influence of prognostic factors on DSS of metastatic WDTC (N=61). 

Prognostic Factor Hazard Ratio (95% CI) 

TNM stage IV vs TNM stage II p=0.874(NS) 

Gender (Male versus Female) 6.33(1.91-20.91), p=0.002 

Adjuvant Radioactive Iodine (RAI versus no RAI) 0.190 (0.07-0.54), p=0.002 

Histology (Hürthle cell vs others) 8.87 (1.08-72.55), p=0.042 

Completeness of resection (Incomplete versus complete) 3.43 (1.17-10.07), p=0.025 

Primary Tumor (T Stage) p=0.187(NS) 

Age at the time of diagnosis (per year) p=0.354(NS) 

Extent of thyroidectomy (Hemi versus Total ) p=0.553(NS) 

Lymph node involvement (N stage) p=0.831(NS) 
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4.3 Summary of results 

I did not find any significant difference between the benign and malignant nodules 

in terms of the patients’ age and gender, median SUVmax, MTV and TLG. However there 

was a very significant difference between the SUVmax of HCA and FA. All HCA but only 

half of the FA showed increased focal FDG uptake (298). As all HCA were observed to 

show high SUV, after excluding HCA, the AUROC for discriminating benign from 

malignant nodules was 0.79 (95% CI: 0.63-0.94; p=0.002), with 3.25 as the best SUVmax 

cut-off for the purpose. FDG-PET /CT had a sensitivity of 79% (95% CI: 54-93%), 

specificity of 83% (95% CI: 60-94%), PPV of 79% (95% CI: 54-93%), and NPV of 83% 

(95% CI: 60-94%), with an overall accuracy of 81% (286). Partial volume correction of 

SUVmax of 4 PTC with diameter < 10 mm did not change the classification of these lesions 

as all these lesions had SUVmax >3.25 (true positive). All benign lesions were > 10mm in 

diameter and partial volume correction of SUVmax did not have any significant influence 

on their characterization. 

 

This work has resulted in establishment of the Manitoba thyroid cancer cohort, a 

unique cohort of 2306 thyroid cancers with a median follow-up 11.5 years and 

comprehensive information about the demographics, staging and treatment of these 

patients. The ASIR of thyroid cancer from 2.52 in 1970 to 9.37 in 2010, even though the 

proportion of micro carcinoma, mean age of patients at the time of diagnosis, median tumor 

size and the tumor stage at presentation did not show any statistically significant change. 

The proportion of the patients undergoing total thyroidectomy increased by two and a half 
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times between 1970-1980 and 2001-2010, while those receiving adjuvant radioactive 

iodine increased by over five times, but both of them did not have any significant influence 

on DSS. During the same period, the proportion of all thyroid cancers that were diagnosed 

as FVPTC increased from 12.4% to 32.9%, whereas the proportion of FTC fell from 26% 

to 5.1% (p<0.001) and anaplastic carcinoma from 5.7% to 2.1%. The increase in proportion 

of PTC and decrease in ATC has resulted in significantly improved 10-year DSS from 

85.4% (1970-1980) to 95.6% (2001-2010) with a 64.3% reduction in death due to thyroid 

cancer (from 12.6 to 4.5%) after 5 years of follow-up (71).  

 

The oncological outcome of the Manitoba thyroid cancer cohort was used to 

develop and validate the thyroid prognostic nomogram and web-based prognostic model 

for predicting oncological outcomes of thyroid cancer (29, 299). Discrimination (c- index) 

is the ability of a model to separate subject outcomes between the predicted probability and 

the observed response. The Manitoba thyroid cancer prognostic model had a high c-index 

for predicting the risks of thyroid cancer related death (0.92) and relapse of thyroid cancer 

(0.76), indicating an excellent discrimination capability, where the c-index of 1 is ideal. 

The marginal estimate was plotted against the model average predictive probability as 

calibration plots and most of the predictions fell on the 45-degree diagonal line (29). This 

model compares favorably with the existing staging/risk stratification systems (299). The 

thyroid prognostic nomogram model had the lowest AICs and highest concordance indices 

for risk of death from non-ATC (AIC=1161.82, c-index=0.944), differentiated thyroid 

cancers of follicular cell origin (AIC=822.43, c-index=0.941) and PTC (AIC=451.64, c-
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index=0.947), suggesting it to be the best among the compared models. In terms of AIC, 

TNM-AJCC Classification was the next best model for predicting risk of death from all 

non-ATC and MACIS was the next best model for differentiated thyroid cancers of 

follicular cell origin and more specifically for PTC (299).  

 

The Manitoba prognostic model was successfully adapted as a web-based model. 

The AUROC was similar for development [0.87 (95% CI: 0.83-0.92)] for and 0.82 (95% 

CI: 0.77-0.87) for validation samples. The Manitoba prognostic model was validated on an 

independent external cohort of thyroid cancer patients from London, Ontario with a c-index 

of 0.96 (0.93-0.97). The large area under the curve (>0.80) indicates good discrimination 

(validity) and the 95% CIs were quite narrow (<0.10) indicating good reliability 

(precision).  

 

The prognostic importance of age and distant metastasis in TNM staging were 

critically analyzed using the Manitoba thyroid cancer cohort. Cox proportional hazard 

model to assess the independent influence of various prognostic factors on oncological 

outcome of stage II WDTC showed a 52 times higher risk of death in metastatic stage II 

WDTC as compared to non-metastatic stage II WDTC and there was no difference between 

metastatic stage II and stage IVC WDTC (300).  
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Chapter V 

Discussion  

5.1 Assessment of the diagnostic role of FDG-PET /CT 

The incidence of thyroid adenoma on autopsy specimens has been reported to be 3-

4.3% (301, 302). FNAB and ultrasonography are the mainstays in the diagnosis of thyroid 

cancer. However, differentiation between benign and malignant FN remains a challenge 

for both ultrasound and FNAB. Fifteen to 30% of the thyroid lesions that are reported as 

FN/HCN on FNAB are ultimately malignant (7). FDG-PET/CT scan has been used for this 

purpose with variable success. The purpose of this study was to evaluate if FDG-PET/CT 

can aid in distinguishing benign from malignant FN/HCN. If the malignant potential of a 

FN/HCN could be predicted by FDG-PET scan, a single stage total thyroidectomy can be 

undertaken and a second surgery after initial hemi-thyroidectomy could be avoided. This 

would save healthcare dollars and spare patients of the stress and risks associated with a 

second surgery. Diagnostic role of FDG-PET scan in thyroid nodules have been studied 

extensively (303-310). 

 

Almost 1.5-2.1% of thyroid nodules are hyper-metabolic on FDG-PET scans (175, 

183-185). The metabolic activity of the thyroid nodule is expressed in terms of SUV. 

Various studies have considered different criteria for PET positivity, ranging from any 

focal increased uptake in the region of the thyroid nodule above background (303, 304, 

309, 310) to different SUVmax cut-offs ranging from 2 to 7 (184, 305, 307, 311). However, 

some studies did not find a SUVmax cut-off to be a definite predictor for malignancy (312). 
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Area under the SUVmax curve of > 175.5 or a heterogeneity factor of FDG uptake >2.751 

have also been considered to define FDG-PET positivity (308, 313). According to an earlier 

meta-analysis, 1 in 3 FDG-PET positive thyroid nodules were reported to be malignant 

with higher mean SUVmax (6.9) as compared to the benign ones (4.8) (p<0.001) (177). A 

more recent meta-analysis included 7 studies, of which 5 were prospective. The cancer 

prevalence in the study cohort was 26% (314). No significant difference was found between 

the median SUVmax of benign and thyroid nodules, as has also been reported earlier (306). 

In this study group, increased focal FDG uptake by thyroid nodules (irrespective of the 

SUVmax) had a high sensitivity of 89% (95% CI: 65-98%) and specificity of 35% (95% 

CI: 19-54%) for detecting cancer, similar to those reported in the two meta-analysis: 89.0% 

(95% CI: 79.0% -95.0%) & 55.0% (95% CI: 48.0% -62.0%) (314), and 95% (95% CI: 

86%-99%) & 48% (95% CI: 40%-56%) (11), respectively.  

 

The diagnostic role of FDG-PET scan in thyroid nodules has been constrained by 

the high false positivity associated with FDG uptake by benign thyroid nodules (303-310). 

The meta-analyses, however, did not consider HCN separate from other FN, even though, 

in the pooled data, all HCN showed high FDG uptake (11, 314). Increased FDG uptake in 

Hürthle cells and poorly differentiated components have been reported earlier to be 

independent predictors of high (≥5) SUVmax (184). Intense FDG uptake was found in 

HCA (median SUVmax = 9.3). Increased FDG uptake by benign HCN (13, 315) can often 

be mistaken for malignancy (false positive). As 75% of the HCA could be identified by a 

preoperative FNAB, all FDG-positive thyroid nodules should undergo preoperative FNAB. 
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Hürthle cells, also known as oncocytes or Askanazy cells comprise over 75% of the 

cells in HCN (13, 316). A Hürthle cell is an oxyphilic variant of follicular cell which has 

granular cytoplasm due to abundant intra-cytoplasmic mitochondria (317). These intra-

cytoplasmic mitochondria probably account for intense FDG uptake by HCN. HCN can be 

divided into three groups: oncocytic adenoma (HCA), oncocytic cancer (Hürthle cell 

carcinoma), and oncocytic infiltration (Hürthle cell nests) (13). No age and gender 

difference or a difference in the nodule size was found between the patients with FA and 

HCA, but all (100%) HCA showed increased focal FDG uptake as compared to only half 

(52%) of FA (298). Oncocytic cells are also seen in the parathyroid, that can give rise to 

PET positive oncocytic parathyroid adenoma (318).  

 

It is important to consider HCA as a cause of increased focal FDG uptake alongside 

with primary or secondary malignancies in thyroid. A FDG-PET positive indeterminate 

thyroid neoplasm is more likely to be a HCA than a FA. Malignancy needs to be ruled out 

particularly in the nodules without Hürthle cell features (FN). HCA should also be 

suspected in the case of increased focal FDG uptake in the thyroid on staging FDG-PET 

scans for extra-thyroidal malignancies besides primary or metastatic disease in thyroid. 

SUVmax of HCA was found to be significantly higher (p<0.001) than that of FA, with 

SUVmax of 5 to be the best cut-off for discriminating between FA and HCA with excellent 

accuracy. The overall accuracy of FDG-PET/CT improved from 60% to 87 %, by using 

this cut-off SUVmax, rather than any increased focal uptake as the criterion of PET 

positivity. The specificity also improved from 49% to 87%, and PPV from 37% to 70%. 
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Although it is a unique prospective study of its type, the number of subjects recruited are 

modest and independent validation of SUVmax cut-off of 5 is recommended. 

 

Selecting an appropriate cut-off value for any diagnostic test is challenging, as 

lowering the cut-off improves the sensitivity of the test; but does so at the expense of 

specificity. However, this will increase the number of false positives and lower its PPV, 

which in this case may result in unnecessary thyroidectomies. On the other hand, if the cut-

off is set too high to make the test more specific, the test can miss some thyroid cancers 

(lower NPV) but will avoid unnecessary thyroidectomies. Ideally, a cut-off with best 

overall accuracy should be considered. Based on the ROC curve analysis the SUVmax of 

3.25 was identified as the optimal cut-off value to discriminate between benign and 

malignant nodules (Figure 4), which is slightly higher than the recommended cut-off of 

2.05 reported in the recent meta-analysis. The cut-off SUVmax of 3.25 offers a much 

higher specificity as compared to the meta-analysis (83% vs 42%) (314). The use of 

SUVmax cut-off of 3.25 and exclusion of HCN improves the overall accuracy of FDG-

PET /CT to 81% from 56% obtained by using increased focal FDG uptake and 60% 

reported in meta-analysis (11). The FDG-PET /CT with a PPV 79% (95% CI: 54-93%), 

observed in this study was much higher than 39% (95% CI: 31-47%) reported in the meta-

analysis (11).  

 

To the best of my knowledge, this is probably the first study that prospectively 

looked at the impact of intense focal FDG uptake by HCA (false positivity) as a cause for 
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lower specificity and PPV of FDG-PET in discriminating benign and malignant 

indeterminate thyroid nodules (298). A cut-off SUVmax of 3.25 provided a higher 

accuracy with reasonably high sensitivity, specificity, PPV and NPV for predicting 

malignancy in FDG-PET positive non-Hürthle cell FN, as compared to any increased focal 

FDG uptake by thyroid nodules. FDG-PET/CT has been reported to offer a cost advantage 

in diagnosing malignant FN as compared to the alternatives of diagnostic thyroidectomy 

or molecular markers (319). The lack of any significant difference between the TLG and 

MTV of benign and malignant neoplasms rules out the possibility of using them as a marker 

of malignancy. 

 

One of the limitations of this study is our inability to correlate the FDG-PET/CT 

findings with the molecular markers recommended for consideration in indeterminate 

thyroid nodules by the current ATA guidelines (12). The other challenge is the accurate 

calculation of SUVmax in sub-centimetre nodules due to partial volume effects which was 

corrected by the recovery coefficient method (169). It is unlikely that partial volume effect 

of sub-centimeter lesions had any significant impact on the FDG-PET results as all 4 sub-

centimeter lesions were PTC with SUVmax > 3.25 (true positives) and partial volume 

correction did not make any substantial difference to the results, as has been reported before 

(320, 321). To compensate for the potential confounding effect of the reduced dose of FDG 

(185 MBq), employed to decrease the radiation exposure, the acquisition time was 

increased by 60% from 3 minutes to 5 minutes. 
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5.2 Epidemiological analysis of prognostic markers in thyroid cancer  

5.2.1 The Manitoba thyroid cancer cohort 

According to the Canadian Cancer Statistics, thyroid cancer has the fastest increase 

in the incidence of all cancers, with age standardized incidence increasing at the rate of 

6.8% per year in males (1998-2007) and 6.9% per year in females (2002-2007). However, 

the 10-year relative survival ratio in 2004-2006 was 97% (95% CI: 96-98%) (289, 322). 

Similar trends have been reported globally (323-334). By direct method, the ASIR of 

thyroid cancer per 100,000 Canadians has increased from 1.1 in 1970-1972 to 6.1 in 2012 

for males, and from 3.3 to 22.2 for females during the same period (289, 335). The life 

time probability of developing a thyroid cancer for a Canadian female has increased from 

1 in 71 ( in 2011) to 1 in 60 (in 2014) and for Canadian males from 1 in 223 ( in 2011) to 

1 in 193 ( in 2014) (3, 42).  

 

The risk of death from thyroid cancer for Canadian males also has decreased from 

1 in 1,937 to 1 in 1538 during the same time period (3, 42). It is the most common cancer 

of adolescent and young women (15-29 years age group) and second most common cancer 

in 30-49 years age group (42, 336). Over 90% of the thyroid cancers are either follicular or 

papillary carcinoma, often termed as WDTC and carry excellent prognosis. Age of the 

patient at the time of diagnosis has a significant impact on oncological outcome of both 

WDTC and MTC (49, 337). Surgery is the mainstay of treatment of non-ATC and post-

treatment gross residual disease is considered to be an important prognostic factor for both 

differentiated and MTC (25, 338). 
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A cohort is a population group, or subset thereof, that is followed over a period of 

time. The members of the cohort, based on defined criteria, share common experience 

which in this study was the diagnosis of thyroid cancer in the province of Manitoba (71). 

By virtue of residence in the same province, this study cohort was expected to share similar 

risk of exposure and get similar standard of medical care in the publicly funded health care 

system of the province. The incidence trends of thyroid cancers in the US were reported by 

using the SEER database, which is robust but it has its inherent limitations in terms of 

coverage, coding reliability, patient migration to an area that is not covered by SEER and 

limited information on the treatment details of the patients (71). These limitations make it 

difficult to interpret the time trend in treatment of thyroid cancer and its influence on 

thyroid cancer related survival. Due to the excellent treatment outcome of most thyroid 

cancers, randomized controlled trials to assess treatment response will require prohibitively 

large sample sizes and resources and are not readily feasible (339). A population-based 

cohort with low attrition rates, such as ours (only 2.1 % loss to follow-up over 40 years), 

is probably the best possible model to study the time trends in thyroid cancer survival. As 

all members of the cohort received the same treatment, that was the standard of care for 

their era, and their medical records were individually reviewed for accuracy and 

completeness. Thus, the study cohort was a reliable and stable model to study the trends 

and factors influencing survival of patients with thyroid cancer (71). 

 

This study shows that the incidence of thyroid cancer in the province of Manitoba 

has increased by 373% from 1970 to 2010. This has resulted largely from an increase in 
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the number of PTC (Table 1). The proportion of cancers classified as FVPTC has almost 

tripled from 12.4% to 32.9%, and this has also contributed to the increase in the proportion 

of PTC (71). At the same time, the proportion of FTC has decreased from 26% to 5.1%, 

possibly due to a change in the criteria for diagnosing papillary carcinoma after 1988, 

whereby, all lesions with typical cytological features (ground-glass nuclei, nuclear 

grooves, and psammoma bodies) were classified as papillary carcinoma even if they did 

not show papillae (340). Thus, many erstwhile FTC are rechristened as FVPTC. During 

the last four decades, the 10 year DSS has improved from 85.4% to 95.6%, whereas the 10 

year RFS has remained  relatively stable (86.6%  to 91.9%) (71).  

 

In 2014, thyroid cancers (N=6,000) were expected to account for 3.1% of all 

cancers (N=191,300) in Canada (42). The number of newly diagnosed thyroid cancer in 

the province of Manitoba has increased by over three-fold in the last four decades which is 

congruent with reports from Canada and other countries (71, 323-333). However, this 

increase in study cohort has not been restricted to the smaller thyroid cancers as reported 

earlier (323, 325, 328, 334). An increase in the number of thyroid cancers of all sizes was 

observed, which is a true increase in the incidence of thyroid cancer in Manitoba and cannot 

be explained only by over diagnosis of a subclinical disease (71). The cause for this 

increase is likely multi-factorial due to iodine deficiency, radiation exposure, long standing 

goiters and family history (67, 341-344). The shift in histological pattern of thyroid cancer 

has also been reported from other regions (345). The decrease in proportion of anaplastic 

carcinoma could be a result of more aggressive treatment of goiters and differentiated 
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thyroid cancers by thyroidectomies before they could undergo anaplastic transformation 

(71). The proportion of tumors > 2 cm in our cohort is higher than that reported earlier (3, 

328, 346), because of strict criteria in Manitoba for performing fine needle biopsy of 

thyroid. Most of the micro-carcinomas in this study were incidentally detected in 

thyroidectomy or autopsy specimens. Even before the introduction of the ATA guidelines 

(161), which recommend threshold sizes of >1cm (hypoechoic solid nodule), 1.5cm (iso-

or hyper-echoic solid nodule), 1.5–2cm (mixed cystic–solid nodule with suspicious 

features) and ≥2.0 cm (mixed cystic–solid nodule without suspicious features) in a low risk 

patient without cervical lymphadenopathy or micro-calcification, radiologist and surgeons 

were very conservative in their approach to thyroid nodules. This is also reflected by a 

large proportion of patients (44.9%) having less than a total thyroidectomy (71). 

 

5.2.2 Epidemiological analysis of oncological outcomes 

During 1970-2010, the DSS for thyroid cancer has steadily improved by. The 

cumulative incidence of death due to thyroid cancer fell by 8.1%, whereas the RFS for 

patients treated with radical intent has remained unchanged (Table 7). This improvement 

is not because of an increase in the proportion of early stage disease or smaller tumors in 

recent years, as evidenced by stable tumor size and stage of thyroid cancers at presentation 

(Table 7). Although both total thyroidectomy and adjuvant radioactive iodine treatment 

have been used more often during the recent time (Table 7), they did not have any 

significant impact on DSS (Table 9). More aggressive treatment of early stage disease did 

not result in a significantly better disease control, as reflected by a stable RFS during this 
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period. Therefore, aggressive use of adjuvant radioactive iodine should be judiciously 

balanced against the treatment related morbidities and the risk of developing second 

primary cancer.  

  

On multivariable analysis, DSS was negatively influenced by non-papillary tumor 

histology, male gender, advanced tumor stage, incomplete surgical resection and older age 

at diagnosis (Table 9). Patient demographics, completeness of surgery, and initial cancer 

stage have not changed significantly in this study cohort (Table 7). However, there has 

been a marked change in the relative proportion of various types of thyroid cancer 

diagnosed over this time period. The proportion of PTC has increased from 58% (1970-

1980) to 85.9% (2000-2010) and the proportion of anaplastic cancers fell from 5.7% (1970-

1980) to 2.1% (2001-2010) (71). As PTC has the best survival rates (96.8% at 10 years) 

and ATC has the worst (7.3% survival at 10 years), the opposite trend in the relative 

incidence of papillary and ATC is most likely responsible for the improved outcome of 

thyroid cancer (Tables 6 & 7). After controlling for other independent prognostic factors 

influencing DSS of thyroid cancer in a multivariable model, there was no difference in the 

DSS of thyroid cancer observed over the last four decades (Table 9).  

 

A time span of four decades is both a strength and a limitation of this study as the 

diagnostic criteria, staging, and treatment recommendations have evolved over time. To 

circumvent this challenge, uniform re-staging of all cancers was done using the 2009 

AJCC/UICC Cancer staging system for thyroid cancer. Additionally, as a part of 
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collaborative staging project, the pathology and treatment details of 683 (29.6%) cases 

were independently reviewed for accuracy and topography, and histology were re-coded 

by WHO International Classification of Diseases for Oncology (3rd Edition) codes (29, 

71). 

 

5.2.3 Development and validation of the Manitoba prognostic nomogram 

The use of numerous age based prognostic scoring systems for predicting outcome 

of thyroid cancer signifies that none is universally acceptable (29). Moreover, most of these 

staging systems are valid only for WDTC (16-28) and more specifically for PTC (16, 17, 

21-24, 26-28). Prognostic scoring systems (17-20, 22, 25, 27, 28) require lengthy 

calculations of prognostic scores that make individualized risk prediction quite arduous. 

Various risk stratification systems (19, 21, 23-26, 28) are easier to use in the clinics but 

they provide stratified group risk estimates rather than individualized patient’s risk. ATA 

proposed a staging system (12, 161) to predict risk of recurrence in low, intermediate and 

high risk groups of WDTC, categorized on the basis of regional and distant metastases, 

completeness of resection, loco-regional tumor invasion at initial surgery, aggressive 

histology, 131I uptake outside the thyroid bed on the whole body RAI scan.  

 

Although thyroid cancers represent a conglomerate of different histological types 

with varying outcomes, the prognostic factors independently influencing the risks of 

relapse and death are similar for most non-ATC as outlined in Tables 9 and 10. The 

feasibility of outcome predictions at 5, 10 and 20 years in the nomograms was explored. 
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Nomograms combine multiple independent variables to predict an outcome using the 

prognostic weight of each variable in calculating the probability of such an outcome. 

Prognostic nomogram can be developed for a variety of clinical outcomes, such as survival 

(overall or disease-specific), and the probability of developing loco-regional recurrence or 

metastasis. An ideal nomogram should be reliable, widely applicable and also easy to use. 

A 10-year time frame for oncological outcome prediction was opted for as most of the non-

ATC are indolent and a five-year period is very short to detect late recurrences and deaths 

from thyroid cancer. Over 30% of relapses and 45% of deaths from thyroid cancers were 

observed after five years, whereas, over 90% of thyroid cancer relapses and over three 

quarters of death from thyroid cancers were observed within first 10 years after diagnosis 

and treatment. Although an oncological outcome prediction at 20 years would have been 

ideal, it becomes less reliable as the median follow-up of the cohort is 10.5 years. The 

clinically relevant prognostic factors which independently influence the incidences of 

relapse and deaths from thyroid cancers, i.e. tumor stage (T), distant metastasis (M), age 

and gender of the patient, tumor histology, were incorporated to construct an easy to use 

nomogram. Post-treatment gross residual disease was an important factor only for the 

prediction of death from thyroid cancer. Understandably, the patients with residual tumor 

were excluded from the regression model to predict thyroid cancer relapse as the 

quantification of macroscopic residual disease could be very subjective and variable. 

Lymph node metastasis predicted higher risk of future disease relapse but it did not alter 

the risk of dying from thyroid cancer, indicating a successful salvage of regional 

recurrences in most of the cases. 



  
 

138 
 
 

 

Prognostic nomograms use the experience of a large group of patients to predict an 

individual’s prognosis based on the individual’s characteristics. The likelihood of a reliable 

prediction depends on the robustness of the model and its representativeness. The 

Manitoban population (our cohort) is a mix of different ethnic groups from all over the 

world because of the ongoing immigrations over the years. It is very likely that the 

nomograms apply to other populations also, but this needs to be demonstrated. The source 

of information was quite reliable as the individual medical records were reviewed for their 

accuracy and completeness. The period of diagnosis was used to produce estimates for the 

nomograms to minimize the impact of time dependent changes in treatment practices, if 

any (29). Larger databases, such as the SEER database are robust, but they have the 

inherent limitations in terms of coverage, coding reliability, patient migration to an area 

that is not covered by SEER and availability of limited information on the treatment details 

of the patients. 

 

Yang et al. proposed nomograms based on SEER data to predict five and 10 year 

mortality related to thyroid cancer, other cancers and other causes (38). However, these 

nomograms do not take into consideration the presence of post-treatment residual disease 

which is a known prognostic factor for both WDTC and MTC (17, 338). T-stage was used 

to quantify the extent of primary tumor, incorporating both the size and the ETE, rather 

than classifying the extent as local, regional and distant. Regional disease could signify 

either an extension into adjacent tissue or to the regional lymph node(s). In the latter case, 

the nodal disease figures twice in their nomogram, both in the extent of tumor as well as in 
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the lymph node involvement. It does not include gender (sex) of the patient in nomogram 

to predict the probability of death from thyroid cancer, even though its impact on 

cumulative incidence of thyroid cancer deaths in their study was very significant (p< 

0.001). The other two nomograms published by Yang et al. deal with death from other 

cancers and non-cancer deaths where thyroid cancer does not have a major role (38). The 

Manitoba thyroid cancer population cohort offsets these limitations that are inherent to the 

nature of SEER database, like the lack of information on relapses that precludes the 

development of nomogram to predict this important oncological outcome (29). The 

Manitoba prognostic nomogram, that predicts cumulative incidence of relapse of thyroid 

cancer, shows a very interesting, non-monotonic relationship between age of the patients 

and relapse (Figure 9). There was a bimodal relationship (scales wrap around) between 

relapse and age of the patients. The higher rate of relapse at younger age does not lead to 

higher deaths from thyroid cancer in younger patients (29). Moreover, the lymph node 

involvement, an important determinant of risk of relapse, is more often observed in 

pediatric patients that tend to have more relapses (62). 

 

Prognostic modeling has some limitations as the oncological outcome collected 

over a long period of time could have been influenced by the changes in the treatment and 

follow-up recommendations. However, in this study cohort more aggressive treatment by 

total thyroidectomy with adjuvant radioactive iodine has not resulted in any significant 

increase in the risk of relapse as long as there was no residual disease (Table 11). 

Consequently, the treatment modalities were not included in the nomogram. An 
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improvement in the survival of the Manitoba thyroid cancer cohort over the last four 

decades independent of change in the tumor size or treatment modalities was reported 

earlier (71). The prognostic factors, that influenced the DSS, have remained largely 

unaltered during the study period (71). Thus, the time period of this study is unlikely to 

have any independent influence on the nomograms. Some differences such as follicular 

versus papillary histology and T1 versus T2 tumor stage were not statistically significant, 

but were incorporated in the nomogram because of their overall importance. To maintain 

homogeneity of data across the study period, only clinically and radiologically detectable 

disease relapses were considered as recurrences. Thus, the relapse prediction by the 

nomogram is valid only for those thyroid cancers that are treated with curative intent with 

no clinical/radiological evidence of residual disease as outlined in the model (29). Isolated 

hyper-thyroglobulinemia or molecular markers like BRAF (347) were not considered as 

independent prognostic factors because they were not a part of the standard clinical care in 

a large proportion of the cohort and their independent impact without discernable disease 

is contentious. MTC represents a diverse group of cancers with specific gene mutation 

determining the prognosis of familial MTC. In the Manitoba thyroid cancer cohort 10 

(12.6%) MTC patients had familial MTC and were excluded from the models to develop 

nomograms. Therefore, these nomograms are appropriate for use with sporadic MTC and 

not for familial MTC (29). 

 

The Manitoba thyroid cancer nomograms had very good concordance indices of 

0.92 (thyroid cancer deaths) and 0.76 (thyroid cancer relapses); where 0.5 is the worst 
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(complete random prediction) and 1.0 is the best score (perfect prediction). Calibration is 

the other ability of the model to make unbiased estimates of outcome. On the calibration 

plot, most of the predictions fell on the 45-degree diagonal line suggesting good calibration. 

 

In view of the prolonged course of most thyroid cancers, it is possible that other 

causes of mortality, unrelated to thyroid cancer, could result in an over-estimation of 

thyroid cancer deaths, as determined by the Kaplan Meir method. Consequently, competing 

risk regression was used to obtain unbiased estimation of cumulative incidence of deaths 

resulting from thyroid cancer. A competing risk is an event the occurrence of which either 

precludes or changes the probability of the occurrence of another event of interest (348). 

In this study deaths due to second primary cancer and non-cancer deaths were treated as 

competing risks. As the covariate effects cannot be assessed by the CIF, a sub-distribution 

hazard approach is used for multivariable analysis. Sub-distribution hazards account for 

competing events by altering the risk set of the subjects. For calculation of DSS by the 

Kaplan-Meier product limit method, the risk set decreases each time a subject is censored 

because of death from another cause. However, these subjects remain in the risk set in 

competing risk analysis and are censored only after all the events have taken place. Cox 

proportional hazards model makes no such assumptions about the baseline, but assumes 

non-informative censoring (censoring of individual subjects are not related to the 

probability of an event occurring) and proportional hazard function (hazard functions are 

proportional over time). Thus, merely checking for the proportional hazards assumption 

does not eliminate the possible bias introduced by competing risks. In dealing with a cohort 
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with long follow-up, where a subject is at least at an equal risk of dying from another cause 

as dying from thyroid cancer, competing risk with sub-distribution hazard is likely to give 

a more realistic risk of death.  

 

5.2.4 Comparison with existing staging/risk stratification systems for thyroid cancer 

The numerous prognostic scoring systems for thyroid cancer are either valid only 

for WDTC (16-28), more specifically for PTC (16, 17, 21-24, 26-28), or require lengthy 

calculations of prognostic scores (17-20, 22, 25, 27, 28) that make individualized risk 

prediction quite arduous. The thyroid prognostic nomogram combines multiple 

independent variables to predict the risk of death from thyroid cancer of individual patients 

with thyroid cancer by using the prognostic weights (points) assigned to each variable (29). 

It had a very good calibration with the calibration curve close to the diagonal.  It had 

excellent discrimination demonstrated by high c-index (0.92), where 0.5 is the worst 

(complete random prediction) and 1.0 is the best score (perfect prediction). AIC and c-

index were used to compare the Manitoba thyroid cancer model with 12 other high ranking 

models from an earlier comparison (222). Five other models (20-22, 24, 28), that required 

additional unavailable information for staging, were excluded from this comparison. 

  

The Manitoba thyroid cancer prognostic nomogram model incorporates age, 

gender, histology and post-treatment residual disease in addition to the T, N, and M 

categories, which were found to be independent prognostic factors determining oncological 

outcome of thyroid cancer (29). The advantages of this model include its applicability to 
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all non-ATC and incorporation of TNM categories in addition to other prognostic factors, 

which makes it comprehensive but still simple to use.  

 

AIC was developed in the early 1970s to provide an objective tool for choosing 

between different competing models and lower AIC values suggest relative superiority 

(295-297). The model for thyroid prognostic nomogram had the lowest AICs for non-ATC, 

differentiated thyroid cancers of follicular cell origin and PTC for predicting risk of death 

from thyroid cancer. The AIC value on its own can be misinterpreted, as there is no value 

of statistical significance associated with it.  As it is a relative comparison of various 

statistical models, it is only as good as the data from the model that generate it (349). Delta 

AIC (∆𝑖) is used to quantify the support for alternative models as compared to the best 

model. In general, a value of ∆𝑖 < 2 suggests substantial evidence in favor of the alternative 

model, values between 3 and 7 indicate the alternative model has considerably less support, 

whereas ∆𝑖 > 10 indicates that the alternative model is very unlikely (297). ∆𝑖  for the next 

best alternative model (MACIS) for PTC was 8.42, DTC (MACIS) was 35.58, and for non-

ATC (AJCC-TNM) was 114.76, thereby suggesting a low to extremely low likelihood of 

any of these alternative models being more valid as compared to the Manitoba thyroid 

cancer prognostic nomogram. This difference was most pronounced in non-ATC followed 

by differentiated thyroid cancer because of higher number of deaths in these patients as 

compared to PTC. Although the nomogram model performed better than the alternative 

staging systems, some of the staging systems (such as MACIS for papillary and 

differentiated thyroid cancer) also demonstrated good discrimination, even though they 
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project group risk rather than individual risk. PVE (proportion of variation explained) has 

previously been used to compare staging classifications (222). As PVE favor more complex 

models by not accounting for the additional degrees of freedom, PVE would be more biased 

towards TNM classification and the nomogram model than the simpler staging 

classifications. AIC would penalize these more complex models by accounting for 

additional degrees of freedom and make them less favorable. 

 

In absence of a randomized control trial, a large population-based cohort with low 

attrition rates, like ours, is probably the best possible model to study the oncological 

outcomes of thyroid cancer like the relapses and the deaths. The Manitoba thyroid cancer 

cohort is a mix of different ethnicity because a large proportion of immigrant population. 

The source of information was quite reliable as the individual medical records were 

reviewed for their accuracy and completeness. However, as the competing risk model for 

the Manitoba thyroid cancer prognostic nomogram was developed from the Manitoba 

thyroid cancer cohort, the source of data for comparison of different staging system in this 

study, there is a possibility of selection bias (299). 

 

5.2.5 Development and validation of web-based computerized prognostic model 

 Although the Manitoba thyroid cancer prognostic nomogram was internally and 

externally validated and compared with other existing prognostic scoring systems (29, 299) 

with excellent concordance indices, paper-based nomograms offer limited portability and 

accessibility in the clinical setting. In a busy clinical practice, the use of a paper nomogram 
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to calculate the estimated DSS of a patient is both cumbersome and time consuming. The 

other limitation of a paper-based nomogram is its ability to predict the likelihood of death 

due to thyroid cancer at only a single time point (at 10 years for Manitoba nomogram). 

 

The numerical probability of survival of an individual patient at any time point in 

the follow-up period is based on the behavior of the rest of the patients in the cohort with 

matching criteria. As the possible combinations of these risk factors for any given time 

period are virtually unlimited which warrants a computerized web-based model to plot the 

survival curve for any given set of risk factors and for any given time point. Computerized 

prognostic models enable continuous estimation of the probability of a particular outcome, 

such as death. As the planned use of the model is to predict the survival probabilities at 

different time points based on a given set of covariates it does not, unlike a nomogram, 

have a cut-off time point for DSS prediction.  

 

A computerized web-based model was developed to overcome the limitations of 

paper nomogram and is freely available online (www.survivalcurves.net) for external 

validation. The strength of using computerized prognostic models lies in the fact that they 

combine the prognostic weight of multiple independent variables in calculating the 

probability of death from thyroid cancer. The risk of death from thyroid cancer obtained by 

competing risk model could not be plotted and incorporated into a web-based model 

because of limitation of available statistical packages. To overcome this limitation, a 

validated Cox proportional hazard model was used for the online survival prediction. This 
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program plots a real-time survival curve over a period of time for an individual’s risk 

factors.  

 

The sensitivity and the specificity of the web-based survival probabilities 

(validation) were evaluated against the true DSS status (gold standard). The ROC curve 

was plotted with sensitivity against 1-specificity on a unity square (0.0 -1.0). The ROC 

curve is an indicator of both sensitivity and specificity of the model. The areas under the 

curves (0.81) show the predictive strength and the validity of the models. The tight CI of 

the areas under the curves confirm the strength of the model to accurately predict DSS. 

This model has been internally and externally validated. However, it would be 

authenticated further by validation at multiple institutions. The web-based model is 

available for global use and offers the option of adding 95% CI to the DSS curve. The 

corresponding points on the two curves on either side of the survival curve represent 95% 

CI. 

   

For a prognostic model to be widely used in clinical practice, it is important that it 

is easily available and easy to use as a knowledge transfer tool. It is also important that the 

end user is able to understand and interpret the results that are generated by the model. The 

disclaimer states that “this Website is intended for use by health care providers (physician, 

nurses, researcher, administrators, etc.) only as an applied research tool for the utility of 

Cox's proportional Hazard models in cancer survival prediction. Due to the need for the 

understanding of the scientific terms to be used in interpreting the models, non-health care 
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providers are not supposed to be using this website”. It further states that “the survival 

prediction is based on a mathematical model that was generated and internally validated 

on the Manitoba thyroid cancer patients and was also externally validated on an 

independent thyroid cancer cohort in Canada. However, the model does not take into 

consideration co-morbidity (coexisting diseases or conditions) and other risk factors not 

included in the model. Therefore, the resulting predictions are only specific to death from 

thyroid cancer and not the overall death from any cause, but still could be liable to errors 

and do not, in anyway, claim 100% certainty or accuracy”. 

 

5.2.6 External validation of the Manitoba prognostic model 

The ROC curve was used to evaluate the sensitivity and the specificity of the 

model-based survival probabilities (test) against the true (known) DSS status (gold 

standard). On external validation of the Manitoba prognostic model with an independent 

cohort of 1454 patients from London, Ontario, Canada, the AUROC of 0.96 indicates 

excellent discrimination (c-index). A narrow 95% CI (0.93-0.97) indicates a very good 

reliability of prediction. If the ROC curve runs away from the chance diagonal on the left 

side and never touches it, it indicates good predictability. The larger the AUROC (ranges 

from 0.0 to 1.0), with its 95% CI not including the chance probability (0.50), the better is 

the accuracy of the model. All these criteria are met by the curve shown in Figure 15. The 

limitation of this cohort was a small number of patients (15) dying from thyroid cancer 

during the follow-up period. 
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The Manitoba thyroid cancer prognostic nomogram model was also independently 

externally validated at the University of Hong Kong for predicting 10-year DSS in a cohort 

of 849 PTC patients with ≥7 years follow-up. Age at diagnosis, tumor size, tumor 

multifocality (defined ≥2 tumor foci in ipsilateral lobe), nodal status, and distant metastases 

were found to be significant independent factors in this cohort for both 5- and 10-year DSS 

and an alternative nomogram was proposed. However, there was no statistically significant 

difference in the discrimination and accuracy between the two nomograms even though 

both the development and validation samples of the Hong Kong nomogram were drawn 

from the same cohort, giving it an advantage (350) . 

 

5.2.7 Prognostic importance of distant metastasis in TNM staging  

WDTC represent a group of unique cancers with the age of the patient at diagnosis 

being an important determinant of prognosis. The widely adopted TNM classification uses 

discrete cut-off age of 45 years for risk stratification (18) though its validity has been 

questioned in various studies (49, 245, 246). An attempt was made to compare the 

demographical characteristics and the oncological outcomes of the two age groups of stage 

II WDTC patients and to compare the oncological outcome of metastatic WDTC in patients 

younger and older than 45 years to see if there was any difference between these two 

groups. As it is evident from Table 18, the presentation of metastatic and non-metastatic 

stage II cancers was significantly different in terms of their clinical presentation and 

oncological outcome. Both DSS and RFS were significantly different between the two 

groups and a significantly higher proportion of patients with metastatic stage II WDTC 
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died of their disease. This strongly suggests that the metastatic and non-metastatic stage II 

WDTC are very different entities grouped together. In an earlier study that compared TNM 

stages in patients in different age groups, younger patients had an 11-fold increase in 

mortality between stages I and II, whereas there was no difference for older patients (351). 

It also showed a difference between the two age-based subgroups of stage II WDTC. The 

SEER database has inherent limitations in terms of coverage, coding reliability, patient 

migration to an area that is not covered by the SEER and availability of limited information 

on the treatment details of the patients. A Swedish study had earlier failed to show any 

difference in the odds of death from WDTC between metastatic and non-metastatic WDTC 

(352). On multivariable analysis, presence of distant metastasis was the single most 

important prognostic predictor of the oncological outcome of stage II WDTC and the 

presence of distant metastasis at diagnosis accorded a 52 fold increase in the hazard of 

death from WDTC (Table 19). 

 

Distant metastasis is considered to be an important prognostic factor in determining 

the oncological outcome of WDTC in numerous prognostic scoring/staging systems. 

Metastatic WDTC have been variably staged as stages II (18), III (15) or IV (15, 18, 23, 

25) by different staging systems. Similarly, different risk stratification systems also have 

staged metastatic WDTC as high risk (19, 26, 260, 261) or intermediate risk WDTC (26). 

The comparison of clinical presentation and oncological outcome of metastatic WDTC in 

patients < or > 45 years (Table 20) does not show any significant difference between these 

two groups apart from increased proportion of female patients and PTC in younger patients 
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(stage II). There were statistically insignificant differences between the recurrence rates, 

risk of death from disease as well as DSS and RFS between stage II (M1) vs stage IVC 

WDTC. Stage of presentation (stage II vs stage IVC) had no influence on the DSS that was 

significantly lower for males, incomplete resection and Hürthle cell histology. Adjuvant 

radioactive iodine significantly reduced the risk of death from WDTC.  

 

The cohort of WDTC was followed over a span of four decades, with 42.5% 

patients having at least 15 years of follow-up. As a result the DSS is presented for WDTC 

cohort at 15 years. RFS is presented at 10 year as all treatment failures in metastatic WDTC 

and 95% of those in stage II WDTC took place within 10 years. The major limitation of 

this study is the number of metastatic stage II WDTC (N= 8), however, the 55% difference 

in the DSS between metastatic and non-metastatic stage II WDTC renders a post-hoc power 

of 98.7% to this study with =0.05.  

 

5.3 Impact and future directions 

This is probably the first study that has prospectively looked at the impact of intense 

focal FDG uptake by HCA (false positivity) as a cause for lower specificity and PPV of 

FDG-PET in discriminating benign and malignant indeterminate thyroid nodules (286, 

298). A cut-off SUVmax of 3.25 provides a higher accuracy with reasonably high 

sensitivity, specificity, PPV and NPV for predicting malignancy in FDG-PET positive non 

Hürthle cell FN, as compared to any increased focal FDG uptake by thyroid nodules or a 

cut-off of 2.05, as suggested  by an earlier meta-analysis, with a much higher specificity 
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(83% vs 42%) (314). This finding is of great clinical importance as the benign HCA often 

mimic a thyroid cancer in terms of increased uptake of FDG. As 75% of HCA could be 

identified by FNAB in this study, there is a possibility of  ruling them out preoperatively 

as the potential cause of increased FDG uptake (298).  If over 75% of the cells in a FDG-

positive, incidentally detected, asymptomatic FN are Hürthle cells they can potentially be 

observed under close surveillance. On the contrary, 4 out of 5 FDG-positive, Hürthle cell 

negative FN are likely malignant and should undergo surgical excision. Commercially 

available diagnostic molecular markers (200, 206, 207, 210, 213-215) are not available in 

Manitoba for FNAB specimen to compare the FDG-PET/CT findings with the molecular 

markers. Attempts were made to compare the mIR profile of FA, FVPTC and FTC but lack 

of adequate numbers of FTC made it impossible to draw any meaningful conclusions. In 

future, attempts will be made to correlate FDG-PET/CT findings with the molecular 

markers that are recommended for consideration in indeterminate thyroid nodules by the 

current ATA guidelines (12) 

 

This work has resulted in establishment of the Manitoba thyroid cancer cohort of 

2306 thyroid cancers with a median follow-up 11.5 years and comprehensive information 

about patients demographics, staging and treatment details (71). This unique, large, 

population-based cohort does not have the inherent limitations of SEER database in terms 

of coverage, coding reliability, patient migration to an area that is not covered by SEER 

and limited information on the treatment details of the patients. A 373% increase was 

observed in the incidence of thyroid cancer (71),  which was not restricted to only the 
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micro-carcinoma as reported earlier (323, 325, 328, 334). As the tumor size has remained 

unchanged for last 40 years, the increase in the incidence of thyroid cancer in Manitoba 

cannot be explained by only over diagnosis of early cancer.  During this period the 

cumulative incidence of death due to thyroid cancer fell by 8.1%, whereas the RFS for 

patients treated with radical intent has remained unchanged. This change was independent 

of any change in the stage distribution or treatment modalities. However, it was linked to 

decreasing proportion of ATC (71).   

 

The prognostic importance of age and distant metastasis in the TNM staging of 

WDTC was assessed by using the Manitoba thyroid cancer cohort.  A 55% difference in 

15-year DSS of metastatic and non-metastatic stage II WDTC was observed in this study 

that needs to be confirmed in a large multi-institutional study with a larger number of 

metastatic stage II WDTC (300). Both these findings have the potential of changing the 

existing TNM stage grouping of thyroid cancer. This cohort was also used by two of my 

students for re-evaluation of the age based TNM staging of thyroid cancer and led to the 

proposal of using a more appropriate age cut-off age of 55 years for age-based stratification 

(49, 245). These findings were validated by an international multi-institutional study, 

where 1900 cases (20% of the total study group) were contributed from this cohort (246). 

I will add another 761 thyroid cancer patients from 2011 and 2015 to this cohort, as 

obtained from the Manitoba Cancer Registry to examine the validity of the recently 

proposed terminology by ATA to classify response to therapy and their clinical implications 

on this updated large cohort of over 3000 patients.  
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Development and validation of  novel Manitoba prognostic model models for 

predicting oncological outcome of thyroid cancer was another important contribution of 

this work (29). This model compares favorably with the existing staging/risk stratification 

systems (299). The Manitoba prognostic model was successfully adapted as a web-based 

model with very good c-index and has been externally validated using the independent data 

shared by the London Health Sciences Centre, London, Ontario. Lang and Wong at the 

University of Hong Kong  have also externally validated the Manitoba prognostic 

nomogram independently in predicting 10-year DSS (350). The web-based model is able 

to predict outcome of patients with different histological types of thyroid cancer after they 

have survived for a year. This is because ATC has a very high mortality in the first year 

after diagnosis. This readily available, easy to use web-based model provides portability 

with the ease of calculation. It has a potential of becoming a knowledge transfer tool to be 

used in the clinical practice. 

 

Although the Manitoban population (our cohort) is a mix of different ethnic groups 

from all over the world because of the ongoing immigrations over the years, independent 

validation in the target population is recommended prior to its clinical use. We hope to 

validate this model on a German cohort from the University of Münster in the near future. 

In Canada, members of CANADA‐Wide Study on Thyroid Cancer: Presentation, 

Treatment and Outcomes of Thyroid Cancer in Canada - Epidemiological Description and 

Relation to Socio-demographic Determinants (CAN-TC) have expressed interest in the 

external validation of the nomogram in different provinces across Canada. 
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Chapter VI 

Conclusions 

The goal of this study was to evaluate the efficacy of FDG-PET/CT scan for 

predicting the risk of malignancy in FNs diagnosed by fine needle aspiration and to develop 

prognostic models to predict the individualized oncological outcome of thyroid cancer 

based on the individual’s demographic and tumor related prognostic parameters. 

 

FDG-PET /CT was found to be of help in differentiating benign and malignant non-

Hürthle cell thyroid nodules. As HCA show significantly higher FDG uptake as compared 

to FA and thus, they can often masquerade as malignant thyroid nodule (298). A cut-off 

SUVmax of 3.25 was found to enhance the accuracy of FDG-PET /CT in identifying 

cancers in non-Hürthle cell indeterminate thyroid nodules (286). Clubbing HCN with other 

indeterminate thyroid nodules in the past led to low specificity and PPV reported in two 

meta-analyses as all HCA showed increased FDG uptake (false positive).  

 

The epidemiological analysis of prognostic markers for thyroid cancer was 

performed with the aim of developing a model to predict the oncological outcomes in terms 

of risk of thyroid cancer relapse and death from thyroid cancer. A population-based 

Manitoba thyroid cancer cohort was established. It included all 2306 consecutive thyroid 

cancers diagnosed in 2296 patients in Manitoba, Canada, from January 1, 1970 to 

December 31, 2010. A true 3.73 fold increase in the age standardized incidence of thyroid 

cancer in the province of Manitoba was observed over the last 4 decades. This cannot be 
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attributed only to the over-diagnosis of subclinical disease alone (71). The median tumor 

size and the proportion of micro-carcinoma in Manitoba have remained unchanged over 

the last four decades. The proportion of total thyroidectomy and radioactive iodine have 

increased over time, however, both of these did not have any significant impact on DSS. A 

10.2% improvement in DSS of thyroid cancer, over the last 40 years in the Manitoba 

population-based thyroid cancer cohort, was observed to be independent of early diagnosis 

or use of more aggressive treatment modalities. The major factor contributing to this 

improvement in survival was the increasing proportion of PTC and a corresponding 

decrease in ATC. Since outcomes for the former are usually excellent whereas outcomes 

for the latter are typically dismal, the increase in proportion of PTC has resulted in 

improved oncological outcome of thyroid cancer.  

 

The prognostic role of age and distant metastasis on TNM stage grouping was 

analyzed.  The oncological outcome of patients with metastatic stage II WDTC was very 

different from that of non-metastatic stage II WDTC. The outcome of metastatic disease in 

younger patient (stage II) was very similar to that in older patients with similar disease 

burden (stage IVC). Staging all metastatic WDTC as stage IV irrespective of the age of the 

patient is strongly advocated (300).  

 

Unique nomograms to predict the likelihood of relapse and death from thyroid 

cancer in an individual patient were developed with good calibration and discrimination 

capabilities. These nomograms were internally cross-validated and compared with the 
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existing staging/risk scoring system (29, 299). The thyroid prognostic nomogram model 

was better than the other compared models in predicting risk of death from thyroid cancer 

in a population-based thyroid cancer cohort. 

 

For a prognostic model to be used in the clinical practice, it is important that it is 

readily available, and easy to use as a knowledge transfer tool. To facilitate this, the model 

to predict thyroid cancer specific survival was adapted as a web-based thyroid cancer 

survival prediction model which predicts the survival of an individual patient based on the 

DSS of similar patients in the Manitoba thyroid cancer cohort. The Manitoba thyroid 

cancer prognostic model was externally validated in an independent cohort of patient from 

London, Ontario, Canada with good accuracy and reliability. The approach offers a 

framework that can be adapted for developing similar prognostic models for other cancers.  
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h i g h l i g h t s
� Earlier meta-analyses have not considered Hürthle cell neoplasm separate from other follicular neoplasm.
� Hürthle cell neoplasm are known to show high FDG uptake.
� FDG-PET/CT can help in differentiating benign and malignant non-Hürthle cell thyroid nodules.
� A cut-off SUVmax of 3.25 enhances the accuracy of FDG-PET/CT in identifying cancers in thyroid nodules.
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Background: Follicular and Hürthle cell neoplasms are diagnostic challenges. This prospective study was
designed to evaluate the efficacy of [18F]-2-fluoro-2-deoxy-d-glucose (FDG) positron emission tomog-
raphy/computed tomography (PET/CT) in predicting the risk of malignancy in follicular/Hürthle cell
neoplasms.
Materials and methods: Fifty thyroid nodules showing follicular/Hürthle cell neoplasm on prior ultra-
sonography guided fine needle aspiration cytology (FNAC) were recruited into this study. A FDG-PET/CT
scan, performed for neck and superior mediastinum, was reported by a single observer, blinded to the
surgical and pathology findings. Receiver operating characteristic (ROC) curve analysis of maximum
standardized uptake value (SUVmax) and the area under the curve (AUROC) were used to assess
discrimination between benign from malignant nodules. Youden index was used to identify the optimal
cut-off SUVmax for diagnosing malignancy. Sensitivity, specificity, predictive values and overall accuracy
were used as measures of performance.
Results: Our study group comprises of 31 benign and 19 malignant thyroid nodules. After excluding all
Hürthle cell adenomas, the AUROC for discriminating benign and malignant non-Hürthle cell neoplasms
was 0.79 (95% CI, 0.64e0.94; p ¼ 0.001); with SUVmax of 3.25 as the best cut-off for the purpose. PET/CT
had sensitivity of 79% (95% CI, 54e93%), specificity of 83% (95% CI, 60e94%), positive predictive value
(PPV) of 79% (95% CI, 54e93%), and negative predictive value (NPV) of 83% (95% CI, 60e94%). The overall
accuracy was 81%.
Conclusions: FDG-PET/CT can help in differentiating benign and malignant non-Hürthle cell neoplasms.
SUVmax of 3.25 was found to be the best for identifying malignant non-Hürthle cell follicular neoplasms.

© 2016 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Follicular and Hürthle cell neoplasms are diagnostic challenges
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for pathologists both on fine needle aspiration cytology (FNAC) and
frozen sections, as comprehensive assessment of thyroid nodule for
capsular invasion is required for diagnosis [1]. This often requires a
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diagnostic hemi-thyroidectomy and a subsequent completion thy-
roidectomy (second surgery) for the patients with malignancy
diagnosed on paraffin sections. If themalignant neoplasms could be
differentiated from benign adenomas preoperatively, these pa-
tients could directly undergo one-stage total thyroidectomy. This
would avoid a second surgery, treatment delays and additional
health care costs.

[18F]-2-fluoro-2-deoxy-d-glucose (FDG) positron emission to-
mography/computed tomography (PET/CT) scan has been used to
discriminate benign and malignant follicular/Hürthle cell neo-
plasms earlier with variable results and is not recommended for
routine evaluation of thyroid nodules with indeterminate cytology
[2,3]. This prospective study was designed to evaluate the efficacy
of FDG-PET/CT scan in predicting the risk of malignancy in inde-
terminate follicular neoplasms.

2. Material and methods

2.1. Study cohort

This prospective study, approved by Research Ethics Board at the
University of Manitoba (H2010:056), included 47 consecutive
consenting patients with 50 follicular/Hürthle cell neoplasms,
>5 mm in size, seen in the Thyroid clinic from July 2013 to
December 2015, at a comprehensive cancer care centre associated
with the University teaching hospital. In all, 49 patients were
screened for this study and 2 patients did not consent for FDG-PET/
CT scan. The minimum sample size (N ¼ 44) was calculated for a
power of 0.80 with alpha of 0.05, based on 20% risk of malignancy
in follicular neoplasm nodules and 39% risk of malignancy in FDG-
PET positive indeterminate nodules [2,4].

All patients had a prior ultrasonography and ultrasound guided
FNAC showing follicular/Hürthle cell neoplasms. A FDG-PET/CT
scan was performed pre-operatively; for which, all patients were
asked to fast for 4e6 h prior to administration of F-18 FDG injection.
To minimize the examination time and substantially reduce the
radiation exposure, only a half-dose of FDG (185 MBq) was
administered and patients were scanned in a single bed position
(neck and superior mediastinum). The acquisition time was
increased by 60% (from 3 to 5 minutes per bed position) to
compensate for the reduced dose. A standard acquisition protocol
for the 3D-mode Biograph-16 (Siemens; Malvern, PA) PET/CT
scanner was used for all patients. Helical CT was acquiredwith 3- to
5-mm section thickness, as described earlier [5]. All scans were
reported by a single observer who was blinded to the surgical and
pathologic findings. Recovery coefficient method for partial volume
correction of PET images was used, as described earlier [6]. Meta-
bolic tumor volume is the sum of estimated volumes of voxels with
increased uptake (MTV; global MTV ¼ volume of voxels with
SUV > threshold SUV). MTV is defined as total tumor volume with
SUVmax of 2.5 or greater. Total lesion glycolysis is the sum of the
product of each lesion's MTV and the corresponding mean SUV
over lesions within that MTV (TLG; global TLG¼MTV�mean SUV)
[7e9]. MTV and TLG were calculated for 30 lesions with
SUVmax � 2.5. Histopathology results were considered as the gold
standard for diagnosis.
Table 1
Patient demographics and characteristics of benign and malignant follicular/Hürthl

Benign (N ¼ 31)

Mean age 60.9 ± 12.8
Gender (Male:Female) 9:22
Mean size of the nodule 2.9 ± 1.3 cm
Median SUVmax 2.55; IQR ¼ 0e7.60
The patient characteristics, FDG-PET/CT scan findings, and the
tumor histology were recorded. The data were managed and
analyzed using SPSS for Windows version 23$0 (SPSS Inc., Chicago,
IL). After checking for normality assumption, the mean and stan-
dard deviation were used to express normally distributed data
(such as the age and the size of nodule), which were compared by
analysis of variance (ANOVA). The median with interquartile range
(IQR) was used for non-normally distributed data (such as the
standardized FDG uptake value). Inter-group comparison of non-
normally distributed data was made by Mann-Whitney nonpara-
metric analysis. c 2 test was used to compare categorical variables.
A p-value <0.05 (two-sided) was considered to indicate statistical
significance and 95% confidence intervals (95% CI) were used to
express reliability in the estimates.

Receiver operating characteristic (ROC) curve analysis of
maximum standardized uptake value (SUVmax) and area under the
curve (AUROC) were used to assess discrimination between benign
from malignant nodules. Youden index was used to identify the
optimal cut-off SUVmax for diagnosing malignancy [10]. Sensi-
tivity, specificity, positive predictive value (PPV), negative predic-
tive value (NPV) and overall accuracy were used as measures of
performance of FDG-PET/CT.

3. Results

Themean age of the patients in our study cohort was 58.7 ± 12.8
years and 72% of them were females. There were 23 follicular ad-
enomas, 8 Hürthle cell adenomas, 11 papillary carcinomas, 6
follicular variant of papillary carcinomas and 2 follicular carci-
nomas. In all, 19 (38%) nodules were malignant. Hürthle cell neo-
plasms were identifiable by pre-operative FNAC in 6 (75%) cases.
The mean size of the thyroid nodule was 2.6 ± 1.3 cm and there
were 4 micro-carcinomas (tumor size ¼ 7.0e8.5 mm). The patients'
age (p ¼ 0.14) and gender (p ¼ 0.43) as well as the median SUVmax
(p ¼ 0.10) of benign and malignant nodules were not significantly
different (Table 1) however, the malignant nodules were signifi-
cantly smaller (p ¼ 0.01) than the benign ones. The median SUV-
max value of all thyroid nodules in the study cohort was 3.45
(IQR ¼ 0e7.58) and the SUVmax distribution of the benign and
malignant nodules is shown in Fig. 1. All 4 micro-carcinomas in this
cohort had SUVmax over 3.25 (range ¼ 3.6e5.9). The SUVmax did
not change significantly by partial volume correction (p ¼ 0.55).
Median MTV was 4.70 (IQR ¼ 1.71e19.95) and median TLG was
20.75 (IQR¼ 4.87e101.03) for lesions with SUVmax > 2.5. However,
there was no statistically significant difference in MTV (p ¼ 0.116)
and TLG (p ¼ 0.187) of benign and malignant follicular neoplasms.
All Hürthle cell adenomas showed intense FDG uptake with SUV-
max between 3.4 and 33.5 and median SUVmax of 9.3
(IQR ¼ 6.9e19.9).

FDG-PET findings of benign and malignant neoplasms were
significantly different (p ¼ 0.003), as summarized in Table 2. Focal
increased FDG uptake by thyroid nodule had sensitivity of 89% (95%
CI, 65e98%), specificity of 35% (95% CI, 19e54%), PPV of 46% (95% CI,
30e63%), and NPV of 85% (95% CI, 54e97%) for diagnosing follic-
ular/Hürthle cell neoplasms. The overall accuracy of FDG-PET/CT
was 56%. After excluding Hürthle cell adenomas, the AUROC was
e cell neoplasms.

Malignant (N ¼ 19) p-value

55.3 ± 12.3 0.13
4:15 0.74
2.0 ± 1.1 cm 0.01
4.60; IQR ¼ 3.40e7.65 0.10



Fig. 1. Scatter plot of SUVmax in benign and malignant non-Hürthle cell follicular neoplasm. Y-axis shows the SUVmax on logarithmic scale (base 10) with reference (dashed) line
indicating SUVmax ¼ 3.25. SUVmax was undetectable in 2 malignant and 11 benign neoplasms (SUVmax ¼ 0).

Table 2
FDG-PET/CT findings in follicular neoplasm.

Carcinoma positive Carcinoma negative Total

FDG-PET positive 15 4a 19
FDG-PET negative 4 19 23
Total 19 31 42

a Excludes 8 Hürthle cell adenomas.
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0.79 (95% CI, 0.63e0.94; p ¼ 0.002) for discriminating benign from
malignant nodules with 3.25 as the best SUVmax cut-off for the
purpose. FDG-PET/CT had sensitivity of 79% (95% CI, 54e93%),
specificity of 83% (95% CI, 60e94%), PPV of 79% (95% CI, 54e93%),
and NPV of 83% (95% CI, 60e94%) with an improved overall accu-
racy was 81% with this SUVmax cut off.

4. Discussion

Although FNAC and ultrasonography are the mainstays of
diagnosis of thyroid cancer, the differentiation between benign and
malignant follicular neoplasms remains a challenge both on ultra-
sound and FNAC. Fifteen to 30% of the thyroid lesions that are re-
ported as follicular neoplasm on FNAC are ultimately malignant [4].
The diagnostic role of FDG-PET scan in diagnosing malignant thy-
roid nodules has been studied earlier also with variable conclusions
[11e18]. According to an earlier systematic review, 1 in 3 FDG-PET
positive thyroid nodules was reported to be malignant with
significantly higher (p < 0.001) mean SUVmax (6.9) as compared to
the benign ones (4.8) [19].We did not find any significant difference
between the median SUVmax of benign and malignant thyroid
nodules, as has also been reported earlier [14].

The metabolic activity of the thyroid nodule is expressed in
terms of SUVmax. Various studies have considered different criteria
for PET positivity; ranging from any focal increased uptake in the
region of the thyroid nodule above background [11,12,17,18] to
different SUVmax cut-offs ranging from 2 to 7 [13,15,20,21].
However, some studies did not find a SUVmax cut-off to be a def-
inite predictor for malignancy [22]. Area under SUVmax curve
>175.5 or the heterogeneity factor of FDG uptake >2.751 have also
been considered to define FDG-PET positivity [16,23]. In our study
group increased focal FDG uptake by thyroid nodules (irrespective
of the SUVmax) had a high sensitivity of 89% (95% CI, 65e98%) and
specificity of 35% (95% CI, 19e54%) for detecting cancer, similar to
those reported in the two meta-analysis: 89.0% (95% CI, 79.0%e
95.0%) & 55.0% (95% CI, 48.0%e62.0%) [24], and 95% (95% CI, 86%e
99%) & 48% (95% CI, 40%e56%) [2], respectively. Selecting an
appropriate cut-off value for any diagnostic test is challenging, as
lowering the cut-off improves the sensitivity of the test; but does so
at the cost of specificity. However, this will increase the number of
false positives and lower its PPV, which in this case may result in
unnecessary thyroidectomies. On the other hand, if the cut-off is set
too high to make the test more specific, the test can miss some
thyroid cancers (lower NPV) but will avoid unnecessary thyroid-
ectomies. Ideally a cut-off with best overall accuracy should be
considered. Based on the ROC analysis the SUVmax of 3.25 was
identified as the optimal cut-off value to discriminate between
benign and malignant nodules, which is slightly higher than the
recommended cut-off of 2.05 reported in the recent meta-analysis,
with much higher specificity (83% vs 42%) [24].

The meta-analyses, however, did not consider Hürthle cell
neoplasm separate from other follicular neoplasm, even though all
Hürthle cell neoplasm, in the pooled data, showed high FDG uptake
[2,24]. We also found intense FDG uptake in Hürthle cell adenomas
(median SUVmax ¼ 9.3). Increased FDG uptake in Hürthle cells and
poorly differentiated components have been reported earlier to be
independent predictive factors of high (�5) SUVmax [20].
Increased FDG uptake by benign Hürthle cell neoplasms [25,26] can
often be mistaken for malignancy (false positive). We have recently
reported the difference in PET characteristics of follicular and
Hürthle cell adenomas [1]. The use of SUVmax cut-off of 3.25 and
exclusion of Hürthle cell neoplasms improves the overall accuracy
of FDG-PET/CT to 81% from 56% obtained by the use of increased
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focal FDG uptake and 60% reported in meta-analysis [2]. The FDG-
PET/CT with a PPV 79% (95% CI, 54e93%), observed in this study
wasmuch higher than 39% (95% CI, 31%e47%) reported in themeta-
analysis [2].

To the best of our knowledge, this is the first study which pro-
spectively looked into the impact of intense focal FDG uptake by
benign Hürthle cell neoplasms (false positivity), as a cause for lower
specificity and PPV of FDG-PET in identifying malignant follicular
neoplasms. We found that a cut-off SUVmax of 3.25 provided a
higher accuracy with reasonably high sensitivity, specificity, PPV
and NPV for predicting malignancy in FDG-PET positive non
Hürthle cell follicular neoplasms, as compared to any increased
focal FDG uptake by thyroid nodule. The limitation of this study,
that we can envision, is the lack of correlation of FDG-PET/CT
findings with the molecular markers [27e30], that are recom-
mended for consideration in indeterminate thyroid nodules by the
current American Thyroid Association Guidelines [3]. FDG-PET/CT
has been reported to offer cost advantage in diagnosing malig-
nant follicular neoplasm as compared to the alternatives of diag-
nostic thyroidectomy or molecular markers [31]. Use of only a half-
dose of FDG could be a potential confounding factor however the
same dose was used for all the patients. Further, to compensate for
the reduced dose of FDG (185 MBq) to reduce the radiation expo-
sure, the acquisition time was increased by 60%.

To conclude, FDG-PET/CT can help in differentiating benign and
malignant non-Hürthle cell thyroid nodules. A cut-off SUVmax of
3.25 enhances the accuracy of FDG-PET/CT in identifying cancers in
thyroid nodules. A larger multi-centre study is recommended to
confirm these conclusions.
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Abstract
Objective: Thyroid prognostic nomogram can be applied across different histological types for predicting the individualized risk of death
from thyroid cancer. The objective of this study was to compare the strength of our recently published thyroid prognostic nomogram with
12 existing staging systems to predict the risk of death from thyroid cancer.
Method: This study included 1900 thyroid cancer patients, from a population based cohort of 2296 patients, on whom adequate staging
information was available. Competing risk sub-hazard models were used to compare 12 pre-existing prognostic models with the nomogram
model. Their relative strengths for prediction of patients’ individualized risks of death from thyroid cancer were compared using Akaike
information criterion (AIC), delta AIC, and concordance index. R version 3.2.2 was used to analyze the data.
Results: Our cohort of 450 males and 1450 females included 1796 (93.4%) differentiated thyroid cancers. Amongst the compared models,
thyroid prognostic nomogram model appeared to be better than other models for predicting the risk of death from all non-anaplastic thyroid
cancer (concordance index ¼ 94.4), differentiated thyroid cancer (concordance index ¼ 94.1) and papillary thyroid cancer (concordance
index ¼ 94.7). The difference from next best staging systems was most pronounced in non-anaplastic thyroid cancer (delta AIC ¼ 114.8),
followed by differentiated thyroid cancer (delta AIC ¼ 35.6) and papillary thyroid cancer (delta AIC ¼ 8.4).
Conclusions: Thyroid prognostic nomogram model was found to be better than the other models compared for predicting risk of death from
thyroid cancer.
� 2016 Elsevier Ltd and British Association of Surgical Oncology/European Society of Surgical Oncology. All rights reserved.
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Introduction

Thyroid cancer is the fastest growing cancer in Canadian
Cancer Statistics 2015 with an estimated age standardized
incidence rate (ASIR) of 14.9/10,000 in 2015. ASIR has
been increasing at the rate of 6.3% per year in males since
2001 and by 4.4% per year in females (2005e2010).1 It is
the most common cancer in 15e29 year age group (16% of
all cancers) and second most common cancer in 30e49
year age group (10% of all cancers).1 Various staging/
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prognostic scoring systems have been used to predict onco-
logical outcome of thyroid cancer.2e19 Most of these are
applicable only to the differentiated thyroid cancers6e19

and provide stratified group risks rather than individualized
risks. A nomogram, on the other hand, can be applied
across different histological types to generate numerical
probability of individual’s clinical outcome, based on his/
her risk assessment. We recently published a thyroid prog-
nostic nomogram with excellent discrimination as demon-
strated by high concordance index (0.92) and a very good
calibration.2

This study was aimed to compare the strength of a thy-
roid prognostic nomogram with 12 commonly used staging/
risk stratification systems, to predict the risk of death from
thyroid cancer in a population based thyroid cancer cohort.
uropean Society of Surgical Oncology. All rights reserved.
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Patients and methods
Study cohort
The Manitoba thyroid cancer cohort consists of all
2306 consecutive thyroid cancers diagnosed in 2296 pa-
tients, registered in Manitoba Cancer Registry, from
January 1, 1970 to December 31, 2010. Sixty patients
who were initially diagnosed by autopsy or death certifi-
cate, 76 patients with anaplastic thyroid cancer with
extremely high case fatality rate, and 10 familial medul-
lary thyroid cancers (MTC) where the oncological
outcome is largely determined by their specific gene mu-
tations, were excluded from this study. We also excluded
123 patients who did not have treatment with radical intent
and 38 patients who were followed up in Manitoba health
care system for less than a year. We reviewed individual
electronic and paper records of the remaining 1989 pa-
tients and selected 1900 patients for this study on whom
we had adequate information on patient demographics, tu-
mor characteristics and completeness of tumor resection
required for staging by 12 commonly used staging/risk
stratification systems.20 Ethics approval for this study
was obtained from the Research Ethics Board at the Uni-
versity of Manitoba and the treatment details of these pa-
tients were obtained from CancerCare Manitoba, the
tertiary cancer care center for the province of Manitoba
with a catchment population of about 1.2 million. Patient
demographics, extent of disease at initial presentation,
the treatment modalities employed, pathology details, can-
cer recurrences during the follow-up, and the final onco-
logical status as of July 1, 2015 were recorded. All
patients who migrated out of province during the study
period (considered lost to follow up), were censored at
that point in time.
Statistical methods
The patient characteristics, the extent of disease at pre-
sentation and the tumor histology were recorded along
with the treatment modalities, the patterns of failure and
the final oncological outcome. The data were managed us-
ing SPSS for Windows version 23$0 (SPSS Inc., Chicago,
IL). After checking for normality assumption, the mean
and standard deviation were used to express normally
distributed data (such as the age) and the median with inter-
quartile range (IQR) was used for non-normally distributed
data (such as the follow-up). A p-value <0.05 (two-sided)
was considered to indicate statistical significance and
95% confidence intervals were used to express reliability
in the estimates.

The effects of age at diagnosis, patient’s gender, T, N
and M categories, the histological type, and the presence
of post treatment gross residual disease on the risk of death
by disease were evaluated by competing risk analysis21 to
assess the competing influence of other causes of mortality,
such as death due to a second primary tumor or non-cancer
deaths. Cumulative incidence function (CIF) was used to
describe the probability of death using proportional hazards
regression model to directly model the sub-distribution of a
competing risk.22 R version 3.2.2 was used to analyze the
data, using the packages of Hmisc to construct restricted
cubic splines, and the packages of riskRegression and prod-
lim to run competing risk models. Restricted cubic splines
were used to account for the non-linear relationship be-
tween age and the outcomes, using the default 3 knots.
The discrimination capability of the models was evaluated
by concordance index at 10 years. Concordance indices (c-
index) were produced using only one of the 20 complete
datasets after multiple imputations.

Akaike information criterion (AIC) was used to compare
different prognostic models that are used for stage
grouping/risk stratification of thyroid cancer. AIC is defined
as AIC ¼ �2LLþ 2m; where LL is the maximized log-
likelihood and m is the number of parameters in the model
(degrees of freedom).23,24 Delta AIC was calculated to
compare the models. It is defined as Delta AICðDiÞ ¼
AICi � minAIC, where AICi is the AIC value for model i
and min AIC is the AIC value of the best model identified
by the lowest AIC.25

Results

Our study group of 1900 patients (450 males and 1450
females) had a follow up of 22,287 patient-years. The
mean age of the patients was 46.99 � 16.96 years and
the papillary thyroid cancer (PTC) was the most
commonly observed histological type in 1533 (80.68%)
patients, followed by follicular carcinoma (FTC) in 193
(10.16%) patients, H€urthle cell in 70 (3.68%), poorly
differentiated carcinoma in 39 (2.05%), and medullary
carcinoma in 65 (3.42%) patients. TNM classification as
well as stage/class/risk group distribution of patients
with non-anaplastic thyroid cancer, differentiated thyroid
cancer of follicular cell origin and papillary thyroid cancer
is summarized in Table 1. Total thyroidectomy was per-
formed in 1047 patients (55.10%) and 982 patients
(54.68%) with differentiated thyroid cancers; 717
(73.01%) of these received adjuvant radioactive iodine.
Sixty (3.16%) patients had post treatment residual disease.
All patients with unresectable macroscopic residual dis-
ease in the neck at the time of surgery following total thy-
roidectomy or those at a high risk of disease recurrence;
such as those with T3/T4 tumors, regional and distant
metastasis received radioactive iodine for differentiated
thyroid cancer (DTC). Use of external beam radiation
therapy was limited to unresectable macroscopic residual
disease.

During the median follow up of 11.59 years (inter-quar-
tile range ¼ 7.13e19.24 years), 181 (9.53%) patients had
clinical/radiological evidence of recurrent disease after at
least 6 months following an initial successful treatment.



Table 1

Stage distribution of thyroid cancer for different staging/risk stratification systems.

Staging Group Papillary

(N ¼ 1533)

Differentiated

(N ¼ 1796)

Non-anaplastic

(N ¼ 1900)

T category T1 756 (49.32%) 821 (45.71%) 855 (45.00%)

T2 398 (25.96%) 505 (28.12%) 532 (28.00%)

T3 310 (20.22%) 388 (21.60%) 414 (21.79%)

T4 69 (4.50%) 82 (4.57%) 99 (5.21%)

N category N0 1127 (73.52%) 1371 (76.34%) 1431 (75.32%)

N1 406 (26.48%) 425 (23.66%) 469 (24.68%)

M category M0 1509 (98.43%) 1764 (98.22%) 1858 (97.79%)

M1 24 (1.57%) 32 (1.78%) 42 (2.21%)

Tumor, Node, Metastases (AJCC-TNM) Classification 7th Edition Stage I 1086 (70.84%) 1213 (67.54%) 1213 (65.21%)

Stage II 148 (9.65%) 210 (11.69%) 210 (12.00%)

Stage III 181 (11.81%) 230 (12.81%) 230 (12.89%)

Stage IV 118 (7.70%) 143 (7.96%) 143 (9.89%)

National Thyroid Cancer Treatment Cooperative Study (NTCTCS) Stage I 781 (50.95%) 801 (44.60%) 801 (42.68%)

Stage II 443 (28.90%) 510 (28.40%) 510 (27.47%)

Stage III 292 (19.05%) 460 (25.61%) 460 (26.95%)

Stage IV 17 (1.11%) 25 (1.39%) 25 (2.89%)

European Organization for Research and Treatment

of Cancer (EORTC)

Group 1 784 (51.14%) 887 (49.39%) 887 (48.21%)

Group 2 410 (26.74%) 477 (26.56%) 477 (26.42%)

Group 3 261 (17.03%) 321 (17.87%) 349 (18.37%)

Group 4 76 (4.96%) 106 (5.90%) 127 (6.68%)

Group 5 2 (0.13%) 5 (0.28%) 6 (0.32%)

Mayo Clinic (Age, Grade, Extent, Size or AGES) Group 1 571 (37.25%) 648 (36.08%) Not Applicable

Group 2 379 (24.72%) 411 (22.88%)

Group 3 342 (22.31%) 416 (23.16%)

Group 4 241 (15.72%) 321 (17.87%)

Virgen de la Arrixaca University at Murcia (Murcia) Low risk 1173 (76.52%) 1348 (75.06%) Not Applicable

Medium risk 325 (21.20%) 403 (22.44%)

High risk 35 (2.28%) 45 (2.51%)

Mayo Clinic (Metastases, Age, Completeness of Resection,

Invasion, Size or MACIS)

Group 1 1261 (82.26%) 1430 (79.62%) Not Applicable

Group 2 152 (9.92%) 194 (10.80%)

Group 3 64 (4.17%) 90 (5.01%)

Group 4 56 (3.65%) 82 (4.57%)

University of Chicago (Clinical Class) Class 1 923 (60.21%) 1083 (60.30%) Not Applicable

Class 2 225 (14.68%) 231 (12.86%)

Class 3 361 (23.55%) 450 (25.06%)

Class 4 24 (1.57%) 32 (1.78%)

Ohio State University (OSU) Stage 1 433 (28.25%) 456 (25.39%) Not Applicable

Stage 2 715 (46.64%) 859 (47.83%)

Stage 3 361 (23.55%) 449 (25.00%)

Stage 4 24 (1.57%) 32 (1.78%)

University of M€untser (M€untser) Low risk 1449 (94.52%) 1694 (94.32%) Not Applicable

High risk 84 (5.48%) 102 (5.68%)

University of Alabama and M.D. Anderson (UAB & MDA) Low risk 901 (58.77%) 1024 (57.02%) Not Applicable

Intermediate risk 608 (39.66%) 740 (41.20%)

High risk 24 (1.57%) 32 (1.78%)

Lahey Clinic (Age, Metastases, Extent, Size or AMES) Low risk 1341 (87.48%) 1547 (86.14%) Not Applicable

High risk 192 (12.52%) 249 (13.86%)

Memorial Sloan Kettering (Grade, Age, Metastases,

Extent, Size or GAMES)

Low risk 633 (41.29%) 633 (35.24%) Not Applicable

Intermediate risk 773 (50.42%) 871 (48.50%)

High risk 127 (8.28%) 292 (16.26%)

Disease free survival at 20 years 86.0% 86.0% 84.3%

Disease specific survival at 20 years 94.9% 93.4% 92.7%
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During the course of follow up 106 (5.58%) patients
died of their disease. AIC, Delta AIC, and concordance
indices were calculated for different staging systems in
predicting the risk of death from papillary thyroid cancers
(Table 2), differentiated thyroid cancers of follicular
cell origin (Table 3), and all non-anaplastic thyroid
cancers (Table 4) by using competing risk analysis. The
thyroid prognostic nomogram model had the lowest
AICs and highest concordance indices for risk of death
from non-anaplastic thyroid cancers (AIC ¼ 1161.82, c-
index ¼ 94.4), differentiated thyroid cancers of follicular
cell origin (AIC ¼ 822.43, c-index ¼ 94.1) and papillary



Table 2

AIC, Delta AIC, Akaike weight, and Evidence Ratio for risk of death from

papillary thyroid carcinoma by various staging systems.

Staging system AICa Di Concordance index (%)

Nomogram 471.6354 0 94.7

MACIS 480.053 8.417 90.4

AMES 506.3923 34.757 90.8

Clinical Class 511.4453 39.810 91.0

OSU 511.4632 39.828 90.5

NTCTCS 511.7387 40.103 92.0

M€untser 517.1069 45.472 84.9

EORTC 523.1761 51.541 79.7

UAB & MDA 528.926 57.291 84.5

AGES 529.3788 57.743 90.6

TNM Classification 530.1004 58.465 89.2

GAMES 547.2368 75.601 88.2

Murcia 559.8731 88.238 85.0

a AIC ¼ �2LLþ 2m.

Table 3

AIC, Delta AIC, Akaike weight, and Evidence Ratio for risk of death from

differentiated thyroid carcinoma by various staging systems.

Staging system AICa Di Concordance index (%)

Nomogram 822.4342 0 94.1

MACIS 858.0169 35.5827 88.9

AMES 899.4295 76.9953 84.2

Clinical Class 890.9118 68.4776 86.6

OSU 892.4191 69.9849 87.6

NTCTCS 885.3948 62.9606 88.8

M€untser 913.4634 91.0292 78.2

EORTC 920.6111 98.1769 83.0

UAB & MDA 932.2623 109.8281 78.3

AGES 921.1526 98.7184 86.4

TNM Classification 905.1132 82.679 86.5

GAMES 949.8399 127.4057 85.6

Murcia 979.1918 156.7576 77.6

a AIC ¼ �2LLþ 2m.

Table 4

AIC, Delta AIC, Akaike weight, and Evidence Ratio for risk of death from

non-anaplastic thyroid carcinoma by various staging system.

Staging system AICa Di Concordance index (%)

Nomogram 1161.819 0 94.4

TNM Classification 1276.576 114.757 87.3

NTCTCS 1282.011 120.192 88.3

EORTC 1320.669 158.85 84.2

a AIC ¼ �2LLþ 2m.
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0 200 400 600 800 1000

Nomogram
MACIS
AMES

Clinical Class
OSU

NTCTCS
Müntser

EORTC
UAB & MDA

AGES
TNM Stage

GAMES
Murcia

Differen ated Thyroid Cancer

Figure 2. AIC values of various staging systems for risk of death from

differentiated thyroid carcinoma.

0 300 600 900 1200 1500

Nomogram

NTCTCS

EORTC

TNM Stage

Differen ated and Medullary Thyroid Cancer

Figure 3. AIC values of various staging systems for risk of death from non-

anaplastic thyroid cancers.

1494 K.A. Pathak et al. / EJSO 42 (2016) 1491e1496
thyroid cancers (AIC ¼ 451.64, c-index ¼ 94.7) suggest-
ing it to be the best among the compared models (Figs.
1e3). In terms of AIC, TNM-AJCC Classification was
the next best model for predicting risk of death from all
non-anaplastic thyroid cancers and MACIS was the next
best model for differentiated thyroid cancers of follicular
cell origin and more specifically for papillary thyroid
cancers.
Discussion

Thyroid cancer is the most common malignant endo-
crine tumor and in 2015 it is expected to account for 5%
of new cancer cases in Canadian females and 1.4% in Ca-
nadian males.1 The use of numerous prognostic scoring
systems for predicting oncological outcome of thyroid can-
cer suggests that none of them is universally acceptable.
Most of these staging systems are valid only for DTC6e19

and more specifically for papillary thyroid cancer.6e9,16e19
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Prognostic scoring systems3,6e10 often require lengthy cal-
culations of prognostic scores that make individualized risk
prediction quite arduous. American Thyroid Association
proposed a staging system28 on the basis of regional and
distant metastases, completeness of resection, loco-
regional tumor invasion at initial surgery, aggressive histol-
ogy, 131I uptake outside the thyroid bed on the whole body
RAI scan. We recently published thyroid prognostic nomo-
gram by combining multiple independent variables to pre-
dict the risk of death from thyroid cancer of individual
patients with thyroid cancer by using the prognostic
weights (points) assigned to each variable.2 It had a very
good calibration with calibration curve close to the diago-
nal and excellent discrimination with high c-index (0.92);
where 0.5 is the worst (complete random prediction) and
1.0 is the best score (perfect prediction).2 We used AIC
and c-index to compare our model with 12 other highest
ranking models from an earlier comparison.20 Five other
models,9,10,17e19 that required additional unavailable infor-
mation for staging, were excluded from this comparison.

Our prognostic thyroid nomogram model incorporates
age, gender, histology and post treatment residual disease
in addition to T, N, M categories which were found to be
independent prognostic factors determining oncological
outcome of thyroid cancer.2 The advantages of this model
include its applicability to all non-anaplastic thyroid can-
cers and incorporation of TNM categories in addition to
other prognostic factors, which makes it comprehensive
but still simple to use. For example, a 70-year old (68
points) male (12 points) patient, who underwent complete
resection of a T3 (15 points) N0 (0 point) M0 (0 point)
papillary thyroid carcinoma (0 point) without any evi-
dence of residual disease (0 point), gets a sum total of
95 points on the nomogram and has a 7% predicted risk
of death from thyroid cancer within 10 years after treat-
ment. If the same patient had medullary thyroid carcinoma
(25 additional points) instead of papillary thyroid carci-
noma, he would have got a total of 120 points and a
23% predicted risk of death over the same time period.
Further, if the same patient had T3 papillary thyroid can-
cer with pulmonary metastasis (38 additional points), he
would have got a total of 133 points and a 48% predicted
risk of death from thyroid cancer within 10 years
following treatment.

AIC was developed in the early 1970s to provide an
objective tool for choosing between different competing
models and lower AIC values suggest relative superi-
ority.23e27 The model for thyroid prognostic nomogram
had the lowest AICs for non-anaplastic thyroid cancers,
differentiated thyroid cancers of follicular cell origin and
papillary thyroid cancers for predicting risk of death from
thyroid cancer. The AIC value on its own can be misinter-
preted, as there is no value of statistical significance and it
is only as good as the data that is used to generate it.26,27

Delta AIC (Di) is used to quantify the support for alterna-
tive models as compared to the best model. In general, a
value of Di< 2 suggests substantial evidence in favor of
the alternative model, values between 3 and 7 indicate the
alternative model has considerably less support, whereas
Di> 10 indicates that the alternative model is very un-
likely.25 Di for the next best alternative model (MACIS)
for PTC was 8.42, DTC (MACIS) was 35.58, and for
non-anaplastic thyroid cancers (AJCC-TNM) was 114.76,
thereby suggesting a low to extremely low likelihood of
any of these alternative models being more valid as
compared to the nomogram. This difference was most pro-
nounced in non-anaplastic thyroid cancer followed by
differentiated thyroid cancer because of higher number of
deaths in these patients as compared to papillary thyroid
cancer.

Although the nomogram model performed better than
the alternative staging systems, some of the staging systems
(such as MACIS for papillary and differentiated thyroid
cancer) also demonstrated good discrimination, even
though they project group risk rather than individual risk.
PVE (proportion of variation explained) has previously
been used to compare staging classifications.20,29,30 As
PVE favor more complex models by not accounting for
the additional degrees of freedom, PVE would be more
biased towards TNM classification and the nomogram
model than the simpler staging classifications. AIC would
penalize these more complex models by accounting for
additional degrees of freedom and make them less
favorable.

In absence of a randomized control trial, a large popula-
tion based cohort with low attrition rates such as ours (only
2% loss to follow-up over 40 years), is probably the best
possible model to study the oncological outcomes of thy-
roid cancer such as the relapses and the deaths. The Man-
itoba thyroid cancer cohort is a mix of different ethnicity
because of the immigrations over the years. Our source of
information was quite reliable as the individual medical re-
cords were reviewed for their accuracy and completeness.
To ensure consistency, all cancers were uniformly restaged
using the 2009 UICC/AJCC classification. As well, treat-
ment recommendations have changed over this time frame
with total thyroidectomy and adjuvant RAI becoming more
frequent over time. However, these were not shown to
significantly influence DSS in our previous study as it
was independent of change in the tumor size or treatment
modalities.31 The limitation of AJCC-TNM classification
in predicting the oncological outcome of well differentiated
thyroid cancer has been reported earlier.32e34 As the
competing risk model for the nomogram was developed
from the Manitoba thyroid cancer cohort, the source of
data for comparison of different staging system in this
study, there is a possibility of selection bias.

To conclude, the thyroid prognostic nomogram model
was better than the other compared models in predicting
risk of death from thyroid cancer in a population based thy-
roid cancer cohort. External validation of these results us-
ing an independent dataset would be ideal.



1496 K.A. Pathak et al. / EJSO 42 (2016) 1491e1496
Role of funding source

This work was supported by the Department of Surgery,
University of Manitoba Research Grants. This is depart-
mental funding to promote research.

Conflict of interest statement

The authors have nothing to disclose.
Acknowledgments

The authors thank Dr. William D Leslie for reviewing
the manuscript, secretarial help of Ms. Andrea Roskevich
and the assistance provided by the staff of Departments
of Epidemiology and Cancer Registry, CancerCare Mani-
toba and of Medical Records, CancerCare Manitoba and
Health Sciences Centre.
References

1. Canadian Cancer Society’s Steering Committee on Cancer Statistics.

Canadian Cancer Statistics. Toronto, ON: Canadian Cancer Society;

2015;, p. 16–37.

2. Pathak KA, Mazurat A, Lambert P, Klonisch T, Nason RW. Prognostic

nomograms to predict oncological outcome of thyroid cancers. J Clin

Endocrinol Metab 2013;98:4768–75.

3. Byar DP, Green SB, Dor P, et al. A prognostic index for thyroid car-

cinoma: a study of the EORTC Thyroid Cancer Cooperative Group.

Eur J Cancer 1979;15:1033–41.

4. Sherman SI, Brierley JD, Sperling M, et al. Prospective multicenter

study of thyroid carcinoma treatment: initial analysis of staging and

outcome. Cancer 1998;83:1012–21.

5. Sobin L, Gospodarowicz M, Wittekind C. TNM classification of ma-

lignant tumours. 7th ed. New York: Wiley; 2009;, p. 58–62.

6. Hay ID, Grant CS, Taylor WF, McConahey WM. Ipsilateral lobectomy

versus bilateral lobar resection in papillary thyroid carcinoma: a retro-

spective analysis of surgical outcome using a novel prognostic scoring

system. Surgery 1987;102:1088–95.

7. Hay ID, Bergstralh EJ, Goellner JR, Ebersold JR, Grant CS. Predicting

outcome in papillary thyroid carcinoma: development of a reliable

prognostic scoring system in a cohort of 1779 patients surgically

treated at one institution during 1940 through 1989. Surgery 1993;

114:1050–8.

8. Sebastian SO, Gonzalez JM, Paricio PP, et al. Papillary thyroid carci-

noma: prognostic index for survival including the histological variety.

Arch Surg 2000;135:272–7.

9. Akslen LA. Prognostic importance of histologic grading in papillary

thyroid carcinoma. Cancer 1993;72:2680–5.

10. Yildirim E. A model for predicting outcomes in patients with differen-

tiated thyroid cancer and model performance in comparison with other

classification systems. J Am Coll Surg 2005;200:378–92.

11. Mazzaferri EL, Jhiang SM. Long-term impact of initial surgical and

medical therapy on papillary and follicular thyroid cancer. Am J

Med 1994;97:418–28.

12. Shaha AR, Loree TR, Shah JP. Intermediate-risk group for differenti-

ated carcinoma of the thyroid. Surgery 1994;116:1036–41.

13. Lerch H, Schober O, Kuwert T, Saur HB. Survival of differentiated

thyroid carcinoma studied in 500 patients. J Clin Oncol 1997;15:

2067–75.
14. Cady B, Rossi R. An expanded view of risk-group definition in differ-

entiated thyroid carcinoma. Surgery 1988;104:947–53.

15. Beenken S, Roye D, Weiss H, et al. Extent of surgery for

intermediate-risk well-differentiated thyroid cancer. Am J Surg

2000;179:51–6.

16. DeGroot LJ, Kaplan EL, McCormick M, Straus FH. Natural history,

treatment, and course of papillary thyroid carcinoma. J Clin Endocri-

nol Metab 1990;71:414–24.

17. Noguchi S, Murakami N, Kawamoto H. Classification of papillary

cancer of the thyroid based on prognosis. World J Surg 1994;18:

552–8.

18. Sugitani I, Kasai N, Fujimoto Y, Yanagisawa A. A novel classification

system for patients with PTC: addition of the new variables of large

(3cm or greater) nodal metastases and reclassification during the

follow-up period. Surgery 2004;135:139–48.

19. Pasieka JL, Zedenius J, Auer G, et al. Addition of nuclear DNA con-

tent to the AMES risk-group classification for papillary thyroid carci-

noma. Surgery 1992;112:1154–60.

20. Lang BH, Lo CY, Chan WF, Lam KY, Wan KY. Staging systems for

papillary thyroid carcinoma: a review and comparison. Ann Surg

2007;45:366–78.

21. Gray RJ. A class of k-sample tests for comparing the cumulative inci-

dence of a competing risk. Ann Stat 1988;16:1141–54.

22. Fine JP, Gray RJ. A proportional hazards model for the subdistribution

of a competing risk. J Am Stat Assoc 1999;94:496–509.

23. Everitt BS. The Cambridge Dictionary of statistics. 3rd ed. Cambridge

University Press; 2006;, p. 10.

24. Akaike H. Information theory and an extension of the maximum likeli-

hood principle. In: Selected papers of Hirotugu Akaike. Springer;

1998;, p. 199–213.

25. Mazerolle MJ. Appendix 1: making sense out of Akaike’s information

criterion (AIC): its use and interpretation in model selection and infer-

ence from ecological data. Mouvements et Reproduction des Amphib-

iens en Tourbi�eres Perturb�ees 2004;174–90.
26. Wagenmakers E, Farrell S. AIC model selection using akaike weights.

Psychon Bull Rev 2004;11:192–6.

27. Yang L, Shen W, Sakamoto N. Population-based study evaluating and

predicting the probability of death resulting from thyroid cancer and

other causes among patients with thyroid cancer. J Clin Oncol 2013;

31:468–74.

28. American Thyroid Association (ATA) Guidelines Taskforce on Thy-

roid Nodules and Differentiated Thyroid Cancer, Cooper DS,

Doherty GM, et al. Revised American Thyroid Association manage-

ment guidelines for patients with thyroid nodules and differentiated

thyroid cancer. Thyroid 2009;19:1167–214.

29. Brierley JD, Panzarella T, Tsang RW, et al. A comparison of different

staging systems. Predictability of patient outcome: thyroid carcinoma

as an example. Cancer 1997;79:2414–23.

30. Passler C, Prager G, Scheuba C, et al. Application of staging systems

for differentiated thyroid carcinoma in an endemic goiter region with

iodine substitution. Ann Surg 2003;207:227–34.

31. Pathak KA, Leslie WD, Klonisch TC, Nason RW. The changing face

of thyroid cancer in a population based cohort. Cancer Med 2013;2:

537–44.

32. Mazurat A, Torroni A, Hendrickson-Rebizant J, Benning H,

Nason RW, Pathak KA. The age factor in survival of a population

cohort of well-differentiated thyroid cancer. Endocr Connect 2013

Sep 23;2(3):154–60.

33. Hendrickson-Rebizant J, Sigvaldason H, Nason RW, Pathak KA. Iden-

tifying the most appropriate age threshold for TNM stage grouping of

well-differentiated thyroid cancer. Eur J Surg Oncol 2015 Aug;41(8):

1028–32.

34. Pathak KA, Klonisch T, Nason RW. Stage II differentiated thyroid

cancer: a mixed bag. J Surg Oncol 2016 Jan;113(1):94–7.

http://refhub.elsevier.com/S0748-7983(16)30167-6/sref1
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref1
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref1
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref2
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref2
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref2
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref3
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref3
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref3
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref4
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref4
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref4
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref5
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref5
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref6
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref6
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref6
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref6
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref7
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref7
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref7
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref7
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref7
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref8
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref8
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref8
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref9
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref9
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref10
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref10
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref10
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref11
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref11
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref11
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref12
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref12
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref13
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref13
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref13
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref14
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref14
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref15
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref15
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref15
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref16
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref16
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref16
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref17
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref17
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref17
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref18
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref18
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref18
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref18
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref19
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref19
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref19
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref20
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref20
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref20
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref21
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref21
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref22
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref22
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref23
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref23
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref24
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref24
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref24
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref25
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref25
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref25
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref25
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref25
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref25
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref26
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref26
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref27
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref27
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref27
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref27
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref28
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref28
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref28
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref28
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref28
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref29
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref29
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref29
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref30
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref30
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref30
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref31
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref31
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref31
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref32
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref32
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref32
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref32
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref33
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref33
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref33
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref33
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref34
http://refhub.elsevier.com/S0748-7983(16)30167-6/sref34


SHORT COMMUNICATION

FDG-PET characteristics of Hürthle cell and follicular adenomas

Kumar Alok Pathak1,2
• Thomas Klonisch2

• Richard W. Nason1
• William D. Leslie3

Received: 28 March 2016 / Accepted: 17 May 2016 / Published online: 25 May 2016

� The Japanese Society of Nuclear Medicine 2016

Abstract

Objective Follicular (FN) and Hürthle cell neoplasms

(HCN) are considered indeterminate on thyroid fine needle

aspiration cytology and are preoperative diagnostic chal-

lenges. The role of [18F]-2-fluoro-2-deoxy-D-glucose

(FDG) in characterizing indeterminate thyroid nodules

remains equivocal, because of the increased FDG uptake

by some benign thyroid nodules. The objective of this

study was to compare the FDG positron emission tomog-

raphy/computerized tomography (PET/CT) characteristics

of follicular (FA) and Hürthle cell adenomas (HCA).

Methods Twenty-nine patients with 31 thyroid nodules

underwent FDG-PET/CT scans of the neck and superior

mediastinum for indeterminate FN/HCN, and were later

found to have benign adenomas on final histopathology.

All scans were reported by a single observer, who was

blinded to the surgical and pathology findings. Receiver

operating characteristic (ROC) curve analysis of maximum

standardized uptake value (SUVmax) and the area under the

curve (AUROC) were used to assess discrimination

between FA and HCA. Youden index was used to identify

the optimal cut-off SUVmax. Sensitivity, specificity, pre-

dictive values and overall accuracy were used as measures

of performance.

Results The mean age of our study cohort was

60.7 ± 12.6 years and 77 % of the patients were females.

Age of the patients (p = 0.48), their gender (p = 0.52),

and the size of thyroid nodules (p = 0.79) were similar for

FA and HCA. Increased focal FDG uptake was observed in

100 % of HCA and 52 % of FA (p = 0.02). SUVmax of

HCA was significantly higher (p\ 0.001) than that of FA.

SUVmax of 5 was the best cut-off for discrimination

between HCA and FA, with AUROC of 0.90 (95 % CI,

0.79–1.00; p = 0.001). With this cut-off, FDG-PET/CT

had sensitivity of identifying HCA of 88 % (95 % CI

47–99 %), specificity of 87 % (95 % CI 65–97 %), posi-

tive predictive value of 70 % (95 % CI 35–92 %), and

negative predictive value of 95 % (95 % CI 74–99 %). The

overall accuracy was 87 %.

Conclusions HCA shows significantly higher focal FDG

uptake as compared to FA and should always be considered

in the differential diagnosis of FDG-PET positive thyroid

nodules.

Keywords Thyroid � PET/CT � Imaging � Nuclear �
Follicular � Neoplasm

Introduction

According to the Bethesda classification thyroid nodule

cytology of follicular (FN) and Hürthle cell neoplasms

(HCN) represent indeterminate cytology [1]. The risk of

malignancy ranges from 15 to 30 % with a higher risk

associated with Hürthle cell variants [2]. The differentia-

tion between the FN and HCN is often possible only after

diagnostic thyroidectomy by identification of predomi-

nantly Hürthle cells population on histopathological

examination. Hürthle cell adenomas (HCA) are thought to

& Kumar Alok Pathak

apathak@cancercare.mb.ca

1 Division of Surgical Oncology, Cancer Care Manitoba,

University of Manitoba, ON2048, 675 McDermot Avenue,

Winnipeg R3E 0V9, Canada

2 Department of Human Anatomy and Cell Science, University

of Manitoba, Winnipeg, Canada

3 Section of Nuclear Medicine, Cancer Care Manitoba,

University of Manitoba, Winnipeg, Canada

123

Ann Nucl Med (2016) 30:506–509

DOI 10.1007/s12149-016-1087-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s12149-016-1087-6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12149-016-1087-6&amp;domain=pdf


be more aggressive than follicular adenomas (FA) and may

require an expert thyroid pathologist for differentiating it

from Hürthle cells carcinoma [5–7]. Oncocytic adenomas

can masquerade as metastatic cancers due to increase FDG

uptake on PET/CT [3].

The objective of this study was to compare the FDG

uptake of HCA and FA of the thyroid. This distinction is

important because the intense [18F]-2-fluoro-2-deoxy-D-

glucose (FDG) uptake by benign HCA [3, 4] may result in

high false positive rates and reduced accuracy of FDG

positron emission tomography/computerized tomography

(PET/CT) in distinguishing benign from malignant thyroid

nodules.

Materials and methods

This prospective study, approved by the University

Research Ethics Board, included 31 benign thyroid nodules,

[10 mm in size, in 29 consenting patients, who were seen

at a comprehensive cancer care centre between July 2013

and December 2015, out of a cohort of 50 indeterminate

thyroid nodules, that were assessed by FDG-PET. These

nodules were considered indeterminate preoperatively on

prior ultrasonography as well as ultrasound guided fine

needle aspiration cytology (FNAC), and a FDG-PET/CT

scan was performed pre-operatively. All patients were

asked to fast for 4–6 h prior to administration of F-18 FDG

injection. To minimize the examination time and substan-

tially reduce the radiation exposure, only a half-dose of

FDG (185 MBq) was administered and patients were

scanned in a single bed position (neck and superior medi-

astinum) in 3D-mode on a Biograph-16 (Siemens; Mal-

vern, PA, USA) PET/CT scanner. Helical CT was acquired

with 3–5 mm section thickness, as previously described

[8]. All scans were reported by a single observer who was

blinded to the surgical and pathologic findings.

Histopathology was considered as the gold standard for

diagnosis and all nodules were confirmed to be benign on

final histopathology.

The demographic and FDG-PET/CT characteristics of

FA and HCA were recorded. The data were managed and

analyzed using SPSS for Windows version 23.0 (SPSS Inc.,

Chicago, IL, USA). After checking for normality assump-

tion, the mean and standard deviation were used to express

normally distributed data (such as the size of nodule),

which were compared by analysis of variance (ANOVA).

The median with interquartile range (IQR) was used for

non-normally distributed data (such as the FDG standard-

ized uptake value). Inter-group comparison of non-nor-

mally distributed data was made by Mann–Whitney

nonparametric analysis. v2 test with Yates’ correction was

used to compare categorical variables. A p value \0.05

(two-sided) was considered to indicate statistical signifi-

cance and 95 % confidence intervals (95 % CI) were used

to express reliability in the estimates.

Receiver operating characteristic (ROC) curve analysis

of maximum standardized uptake value (SUVmax) and area

under the curve (AUROC) were used to assess discrimi-

nation between follicular and HCA. Youden index was

used to identify the optimal cut-off SUVmax for this dis-

crimination [9]. Sensitivity, specificity, positive predictive

value (PPV), negative predictive value (NPV) and overall

accuracy were used as measures of performance of FDG-

PET/CT.

Results

Twenty-nine patients with 23 follicular (FA) and 8 Hürthle

cell adenomas (HCA) of the thyroid, diagnosed by FNAC,

were included in the study. Six out of 8 HCA were iden-

tified preoperatively by FNAC. The mean age of our study

cohort was 60.7 ± 12.6 years and 77 % of the patients

were females. No significant difference was observed in the

age (p = 0.48) and gender (p = 0.52) of the patients, and

in the size of thyroid nodules (p = 0.79) in FA and HCA

groups (Table 1).

The median SUVmax value of benign thyroid nodules

was 2.60. All (100 %) HCA and 12 (52 %) FA showed

increased focal FDG uptake. SUVmax of HCA was signif-

icantly higher (p\ 0.001) than that of FA (Fig. 1).

Increased focal FDG uptake offered sensitivity of 100 %

(95 % CI 56–100 %), specificity of 49 % (95 % CI

27–69 %), positive predictive value (PPV) of 37 % (95 %

CI 17–61 %), and negative predictive value (NPV) of

100 % (95 % CI 80–100 %) for identifying HCA with an

overall accuracy of 60 %. Youden index indicated SUVmax

of 5 to be the best cut-off for discriminating between FA

and HCA, with AUROC of 0.90 (95 % CI 0.79–1.00;

p = 0.001). With this cut-off, FDG-PET/CT had sensitivity

of 88 % (95 % CI 47–99 %), specificity of 87 % (95 % CI

65–97 %), positive predictive value (PPV) of 70 % (95 %

CI 35–92 %), and negative predictive value (NPV) of 95 %

(95 % CI 74–99 %) for identifying HCA, with an overall

accuracy of 87 % (Table 2).

Discussion

Hürthle cells, also known as oncocytes or Askanazy cells

comprise over 75 % of the cells in HCN [3, 10]. Hürthle

cells are oxyphillic variant of follicular cells which have

granular cytoplasm due to abundant intra-cytoplasmic

mitochondria [11]. We did not find any age and gender

difference between the patients with FA and HCA or a
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difference in the nodule size, but all (100 %) HCA showed

increased focal FDG uptake as compared to only half

(52 %) of FA. The abundant intra-cytoplasmic mitochon-

dria probably accounts for intense FDG uptake by HCN.

They can be divided into three groups: oncocytic adenoma

(HCA), oncocytic cancer (Hürthle cells carcinoma), and

oncocytic infiltration (Hürthle cells nests) [3]. Oncocytic

cells are also seen in parathyroid, that can give rise to PET

positive oncocytic parathyroid adenoma [12].

The incidence of thyroid adenoma on autopsy specimens

has been reported to be 3–4.3 % [13, 14]. Almost

1.5–2.1 % of all thyroid nodules are hyper-metabolic on

FDG-PET scans [15–18]. The diagnostic role of FDG-PET

scan in thyroid nodules has been constrained by the high

false positivity associated with FDG uptake by benign

thyroid nodules [19–26]. Meta-analyses evaluating the role

of FDG-PET have not considered the influence of HCN on

the accuracy of FDG-PET, even though all HCA showed

increased FDG uptake [27, 28]. Increased FDG uptake in

Hürthle cells and poorly differentiated components have

been reported earlier to be independent predictors of high

(C5) SUVmax [18]. We found SUVmax of HCA to be sig-

nificantly higher (p\ 0.001) than that of FA, with SUVmax

of 5 to be the best cut-off for discriminating between FA

and HCA with excellent accuracy. The overall accuracy of

FDG- PET/CT improved from 60 to 87 %, by this cut-off

SUVmax rather than any increased focal uptake as the cri-

terion of PET positivity. The specificity also improved

from 49 to 87 %, and PPV from 37 to 70 %. Although it is

a unique prospective study of its type, the number of

subjects recruited are modest and independent validation of

SUVmax cut-off of 5 is recommended.

It is important to consider HCA as a cause of increased

focal FDG uptake alongside primary or secondary malig-

nancies in thyroid. A FDG-PET positive indeterminate thy-

roid neoplasm is more likely to be a HCA than a FA. As 75 %

of the HCA in this study could be identified by a preoperative

FNAC, all FDG-PET positive thyroid nodules should undergo

preoperative FNAC preferably under ultrasound guidance.

Malignancy needs to be ruled out particularly in the nodules

without Hürthle cell features (FN). HCA should also be sus-

pected in case of increased focal FDG uptake in thyroid on

staging FDG-PET scan for extra-thyroidal malignancies

besides primary or metastatic disease in thyroid.

To conclude, HCA shows significantly higher FDG

uptake as compared to FA and thus, they can often mas-

querade as malignant thyroid nodule. A cut-off SUVmax of

5 offers better accuracy for discriminating HCA from FA

than merely increased focal FDG uptake.
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Stage II Differentiated Thyroid Cancer: A Mixed Bag
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Background and Objectives:AJCC-TNM Stage II well-differentiated thyroid cancer (WDTC) comprises T2N0M0 tumors in patients�45 years
of age or metastatic WDTC in patients younger than 45 years. The objectives of this study were to assess the oncological outcome of
stage II WDTC and to compare the oncological outcome of metastatic WDTC in patient younger (stage II) and older (stage IVC) than
45 years.
Methods: This study involved review of clinical presentation and oncological outcome of population cohort of 2,128 consecutive WDTC,
diagnosed during 1970–2010 that includes 215 Stage II WDTC and 61 metastatic WDTC. Cox proportional hazard model was used to assess
independent impact of prognostic factors on disease-specific survival (DSS) and disease-free survival (DFS) as calculated by Kaplan–Meier
method.
Results:Metastatic and non-metastatic stage II WDTC had a 15-year DSS of 41.7% and 96.7%, respectively (P< 0.001). Multivariable analysis
showed a 52 times higher risk of death in metastatic stage II WDTC and the DSS of metastatic stage II WDTC was not statistically different from
that of stage IVC WDTC.
Conclusion: Metastatic stage II WDTC is very different from non-metastatic stage II WDTC with oncological outcome similar to stage IVC
WDTC.
J. Surg. Oncol. 2016;113:94–97. � 2015 Wiley Periodicals, Inc.

KEY WORDS: risk stratification; prognosis; survival; outcome; metastasis

INTRODUCTION

Well-differentiated thyroid carcinoma (WDTC) accounts for over
90% of all thyroid malignancies [1]. WDTC comprises papillary,
follicular, and H€urthle cell variant of follicular carcinoma in descending
order of incidence and carries excellent prognosis [2,3]. An age
threshold of 45 years is currently used by the AJCC-TNM system for
stage grouping of WDTC [4]. According to the TNM staging system,
Stage II WDTC is defined as 2–4 cm tumors without any evidence of
spread beyond thyroid gland (T2N0M0) in patients�45 years of age or
WDTC with distant metastasis in patients younger than 45 years.
Multitudes of risk stratification systems have considered distant
metastasis as an important prognostic factor for predicting
oncological outcome of WDTC [4–13].

The primary objective of this study was to analyze the oncological
outcome of stage II WDTC in patients younger and older than 45 years
and the secondary objective was to compare if the oncological outcome
of metastatic WDTC is different in patients younger and older than
45 years.

PATIENTS AND METHODS

Our population-based Manitoba thyroid cancer cohort includes
2,128 consecutive WDTC diagnosed in 2,118 patients registered in
Manitoba Cancer Registry in Canada, from January 1, 1970 to
December 31, 2010. We reviewed 2,018 electronic and paper charts,
including pathology and operative reports, 56 discharge summaries, and
44 autopsy records and identified 215 patients with Stage II WDTC and
61 patients with distant metastasis (M1). Details involving patient
demographics, extent of disease at presentation, treatment, pathology,
recurrences of cancer, and the final outcome status as of July 1, 2015
were recorded. Recurrences were defined as the presence of clinical
and/or radiological/biochemical evidence of disease. As the TNM

staging system has evolved over time, all cases were restaged using the
TNM criteria of American Joint Committee on Cancer (AJCC)/Union
Internationale Contre le Cancer (UICC) staging for thyroid cancer (7th

Edition, 2009) to ensure uniformity. As a part of our collaborative
staging project, the pathology and treatment details of 683 (32.3%)
cases were independently reviewed for accuracy.

IBM SPSS Statistics version 23.0 (IBM Corp., Armonk, NY) was
used to manage and analyze data. After checking for normality
assumption, the mean and standard deviation were used to express
normally distributed data (such as the age) and the median with was
used for non-normally distributed data (such as tumor size and the
follow-up). Analysis of variance (ANOVA) was used to compare group
means and the Pearson x2 test to compare categorical data with
continuity correction as appropriate. Proportions were compared by
using Z-test. Statistical significance was defined as P< 0.05, and 95%
confidence intervals were used to express reliability of the estimates.
The Kaplan–Meier product limit method was used to estimate the
disease-free survival (DFS) and disease-specific survival (DSS) and
log-rank test was used to compare survival between groups.
Multivariable analyses were performed with Cox proportional hazard

Abbreviations: WDTC, well-differentiated thyroid cancer; DSS, disease-
specific survival; DFS, disease-free survival; ANOVA, analysis of variance;
NS, not significant.
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models to evaluate the independent impact of various prognostic factors
on the DSS and DFS of our population-based cohort, after confirming
the proportional hazard assumption.

RESULTS

Our population cohort of 2,118 consecutive WDTC patients
showed DSS of stage II metastatic carcinoma to be very similar to
stage IVB (P¼ 0.530, not significant [NS]) and IVC (P¼ 0.127, NS)
(Fig. 1).

Stage II WDTC

The mean age of 215 stage II WDTC patients was 58.0� 11.8 years
and 164 (76.3%) patients were females. Eight patients (3.7%) were
younger than 45 years of age. The median tumor size was 30mm
(IQR¼ 25–35mm) and 209 (97.2%) patients had T2 tumor; 2 (0.9%)
had T1, 1 (0.5%) T3 tumor, and 3 (1.4%) had T4 tumor. Eight (3.7%)
patients had metastatic WDTC and 5 (2.3%) were node positive. One
hundred fifty-two (70.7%) patients had papillary carcinoma, followed
by 40 (18.6%) follicular carcinoma, and 23 (10.7%) had H€urthle cell
carcinoma. Total thyroidectomy was performed in 108 (50.2%) and 47
(21.9%) received adjuvant radioactive iodine treatment. During median
follow-up of 134.3 months (IQR¼ 80.7–211.6 months), 19 (8.8%)
patients had recurrent or persistent disease. At the time of last contact,
142 (66%) patients were alive without any evidence of disease and 3
(1.4%)with disease. Nine (4.2%) had died due to disease, 17 (7.9%) due
to second primary, and 44 (20.4%) due to other causes. The
demographics and clinical presentation of metastatic and non-
metastatic stage II WDTC were significantly different apart from the
proportion of patients with papillary thyroid cancer (Table I). Similar
proportion of patients had total thyroidectomy in both groups. There
was a significant difference (P< 0.001) in the DSS and DFS of
metastatic and non-metastatic stage II WDTC (Table I).

Metastatic and non-metastatic stage II WDTC had a 15 year DSS of
41.7% and 96.7%, respectively. Cox proportional hazard model to
assess the independent influence of various prognostic factors on
oncological outcome of stage IIWDTC showed a 52 times higher risk of
death in metastatic stage II WDTC as compared to non-metastatic stage
II WDTC and a 17 times higher risk of death was seen in males as
compared to the females (Table II).

Metastatic WDTC

Manitoba thyroid cancer cohort contains 106 metastatic thyroid
cancer that includes 61 metastatic WDTC (2.9% of all WDTC) with a
mean age of 65.4� 16.1 years with 30 (49.2%) female patients. Forty-
three (70.5%) patients had papillary carcinoma, 14 (23.0%) follicular
carcinoma, and 4 (6.5%) had H€urthle cell carcinoma. Eleven (18.0%)
patients had T1 tumor, 10 (16.4%) had T2, 19 (31.2%) T3 tumor, and 21
(34.4%) had T4 tumor. Fifty-three (86.9%) patients showed signs of
clinical, radiological, or biochemical evidence of recurrent or persistent
disease. At the time of last follow-up, three (4.9%) patients were alive
without any evidence of disease and seven (11.5%) were alive with
disease. In the meantime, 46 (75.4%) patients had died because of
WDTC, and 5 (8.2%) due to other causes. The differences between the
demographics and oncological outcomes of metastatic WDTC in
patients younger (stage II) and older than 45 years (stage IVC) are
summarized in Table III. There were significantly higher proportions of
papillary carcinoma and female patients in<45 years age group. There
was no difference in the DSS (P¼ 0.127) and DFS (P¼ 0.591) of the
two groups (Table II). Multivariable analysis, by Cox proportional

Fig. 1. Disease-specific survival of well-differentiated thyroid cancer
in Manitoba thyroid cancer cohort.

TABLE I. Clinical Characteristics and Oncological Outcome of Non-
Metastatic and Metastatic Stage II Well-Differentiated Thyroid Carcinoma
(N¼ 215)

T2N0M0
(patient age
�45 years)
(N¼ 207)

Any T, any N, M1
(patient age <45 years)

(N¼ 8) P-value

Mean age 58.9� 11.0
years

34.9� 7.7 years <0.001

Gender (F:M) 4:1 1:3 0.001
Papillary thyroid
carcinoma

69.6% 100% NS

T2 tumor 100% 25% <0.001
Lymph node involvement
(Nþ)

0% 50.0% <0.001

Distant metastasis (M1) 0% 100% <0.001
Total thyroidectomy 50.5% 75.0% NS
Radioactive iodine 38.2% 75.0% 0.027
Extra-thyroidal spread 0% 37.5% <0.001
Complete resection 99% 75% 0.002
Recurrence or residual
disease

5.8% 87.5% <0.001

Dead of disease 2.4% 50% <0.001
10-year DFS 93.3% 12.5% <0.001
15-year DSS 96.7% 41.7% <0.001

NS, Not significant

TABLE II. Multivariable Analysis by Cox Proportional Hazard Model for
Independent Influence of Prognostic Factors on Disease-Specific Survival of
Stage II Well-Differentiated Thyroid Carcinoma (N¼ 215)

Prognostic factor Hazard ratio (95%CI)

Distant metastasis (M stage) 52.28 (7.49–365.93),
P< 0.001

Gender (male vs. female) 16.77 (2.81–99.94),
P¼ 0.002

Completeness of resection (incomplete vs.
complete)

P¼ 0.057 (NS)

Age at the time of diagnosis (per year) P¼ 0.147 (NS)
Extent of thyroidectomy (hemi vs. total) P¼ 0.373 (NS)
Adjuvant radioactive iodine (RAI vs. no RAI) P¼ 0.417 (NS)
Lymph node involvement (N stage) P¼ 0.524 (NS)
Histology (H€urthle cell vs. others) P¼ 0.795 (NS)
Primary tumor (T stage) P¼ 0.859 (NS)

NS, not significant.
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hazard model, to assess the independent influence of various prognostic
factors on DSS of metastatic WDTC showed no statistical difference
between metastatic stages II and IVC WDTC (Table IV). Adjuvant
radioactive iodine reduced the risk of death from metastatic WDTC by
80%. Males with metastatic WDTCwere 6.3 times more likely to die of
their disease as compared to their female counterpart. Incomplete
resection and H€urthle cell histology were the other two independent
determinants of survival in metastatic WDTC (Table IV).

DISCUSSION

Incidence of thyroid cancer has increased by almost fourfold over the
last 4 decades inManitoba, Canada [14]. Age has also been shown to be
an important determinant of prognosis of WDTC [13–15]. The current
version of AJCC-TNM staging system considers an age threshold of
45 years for stage grouping of WDTC [4]. However, the recent studies
have shown that this might not be the best age cut off [15–17].
According to the TNM staging system, Stage II WDTC is defined as
either T2N0M0 WDTC in patients �45 years of age or metastatic
WDTC in patients younger than 45 years. Our study was designed to
compare the demographical characteristics and the oncological

outcomes of the two age groups of stage II WDTC patients. We also
compared the oncological outcome of metastatic WDTC in patients
younger and older than 45 years to see if there was any difference
between these two groups.

As it is evident from Table I, the presentation of metastatic and non-
metastatic stage II cancers was significantly different in terms of their
clinical presentation and oncological outcome. Both DSS and DFSwere
significantly different between the two groups and a significantly higher
proportion of patients with metastatic stage II WDTC died of their
disease. This strongly suggests that the metastatic and non-metastatic
stage IIWDTC are very different entities grouped together. In an earlier
study that compared TNM stages in patients in different age groups,
younger patients had an 11-fold increase in mortality between stages I
and II, whereas there was no difference for older patients [18]. It also
showed a difference between the two age-based subgroups of stage II
WDTC. The SEER database has inherent limitations in terms of
coverage, coding reliability, patient migration to an area that is not
covered by the SEER, and availability of limited information on the
treatment details of the patients. A Swedish study had earlier failed to
show any difference in the odds of death from WDTC between
metastatic and non-metastatic WDTC [19]. In this article, on
multivariable analysis, presence of distant metastasis was the single
most important prognostic predictor of the oncological outcome of
stage II WDTC and the presence of distant metastasis at diagnosis
accorded a 52-fold increase in the hazard of death from WDTC
(Table II).

Distant metastasis is considered an important prognostic factor
determining the oncological outcome of WDTC in numerous
prognostic scoring/staging systems. Metastatic WDTC have been
variably staged as stages II [4], III [7], and IV [4,5,7,11] by different
staging system. Similarly, different risk stratification system also have
staged metastatic WDTC as high-risk [5,6,9] or intermediate risk [9,11]
WDTC. Our comparison of clinical presentation and oncological
outcome of metastatic WDTC in patients < or �45 years (Table III)
does not show any significant difference between these two groups apart
from increased proportion of female patients and papillary thyroid
cancer in younger patients (stage II). There were statistically
insignificant differences between the recurrence rates, risk of death
from disease as well as DSS and DFS between stages II (M1) and IVC
WDTC. Stage of presentation (stages II vs. IVC) had no influence on the
DSS that was significantly lower for males, incomplete resection, and
H€urthle cell histology. Adjuvant radioactive iodine significantly
reduced the risk of death from WDTC.

Our cohort of WDTC was followed over a span of 4 decades with
42.5% had at least 15 years of follow-up. As a result, we have presented
the DSS of our WDTC cohort at 15 years. We have presented 10-year
DFS as all treatment failures in metastatic WDTC and 95% of those in
stage IIWDTC took place within 10 years. This long follow-up is both a
strength and a limitation, as the staging has evolved over time. To
ensure consistency, all cancers were uniformly restaged using the 2009
UICC/AJCC staging system. We controlled for the period of diagnosis
and treatment in multi-variable analysis to eliminate any bias that might
be introduced by this long follow-up. The major limitation of this study
is the number of metastatic stage II WDTC (N¼ 8); however, the 55%
difference in the DSS between metastatic and non-metastatic stage II
WDTC renders post hoc power of 98.7% with a¼ 0.05. A large multi-
institutional study with a larger number of metastatic stage II WDTC is
suggested to confirm this significant finding.

To conclude, our study suggests that the oncological outcome of
patients with metastatic stage II WDTC is very different from that
of non-metastatic stage II WDTC. The outcome of metastatic
disease in younger patient (stage II) is very similar to that in older
patients with similar disease burden (stage IVC). We strongly
advocate staging all metastatic WDTC as stage IV irrespective of
the age of the patient.

TABLE III. Clinical Characteristics and Oncological Outcome of Meta-
static Stage II Well-Differentiated Thyroid Carcinoma (n¼ 61)

Stage II
(any T, any N,

M1)
(N¼ 8)

Stage IVC
(any T, any N, M1)

(N¼ 53) P-value

Age 34.9� 7.7
years

70.3� 11.1 years <0.001

Gender (F:M) 1:3 1:1 <0.001
Papillary thyroid

carcinoma
100% 57.4% 0.020

T1/T2 tumor 50% 31.1% NS
T3/T4 tumor 50% 68.9% NS
Lymph node

involvement (Nþ)
50.0% 55.7% NS

Total thyroidectomy 75.0% 84.2% NS
Radioactive iodine 75.0% 68.4% NS
Extra-thyroidal spread 37.5% 32.1% NS
Complete resection 75% 66.7% NS
Recurrence or residual

disease
87.5% 93.0% NS

Dead of disease 50% 78.9% NS
10-year DFS 12.5% 4.7% NS
15-year DSS 41.7% 9.9% NS

NS, not significant.

TABLE IV. Multivariable Analysis by Cox Proportional Hazard Model for
Independent Influence of Prognostic Factors on Disease-Specific Survival of
Metastatic Well-Differentiated Thyroid Carcinoma (N¼ 61)

Prognostic factor Hazard ratio (95%CI)

TNM stage IV vs. TNM stage II P¼ 0.874 (NS)
Gender (male vs. female) 6.33 (1.91–20.91),

P ¼ 0.002
Adjuvant radioactive iodine (RAI vs. no RAI) 0.190 (0.07–0.54),

P ¼ 0.002
Histology (H€urthle cell vs. others) 8.87 (1.08–72.55),

P ¼ 0.042
Completeness of resection (incomplete vs. complete) 3.43 (1.17–10.07),

P ¼ 0.025
Primary tumor (T stage) P ¼ 0.187 (NS)
Age at the time of diagnosis (per year) P ¼ 0.354 (NS)
Extent of thyroidectomy (Hemi vs. total) P ¼ 0.553 (NS)
Lymph node involvement (N stage) P ¼ 0.831 (NS)

NS, not significant.
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Prognostic Nomograms To Predict Oncological
Outcome of Thyroid Cancers

K. Alok Pathak, Andrea Mazurat, Pascal Lambert, Thomas Klonisch,
and Richard W. Nason

Cancer Care Manitoba (K.A.P., P.L., R.W.N.), Winnipeg, Manitoba R3E 0V9, Canada; and Department of
Human Anatomy and Cell Science (K.A.P., A.M., T.K., R.W.N.), University of Manitoba, Winnipeg,
Manitoba R3A 1R9, Canada

Context: Thyroid cancers represent a conglomerate of diverse histological types with equally vari-
able prognosis. There is no reliable prognostic model to predict the risks of relapse and death for
different types of thyroid cancers.

Objective: The purpose of this study was to build prognostic nomograms to predict individualized
risks of relapse and death of thyroid cancer within 10 years of diagnosis based on patients’ prog-
nostic factors.

Design: Competing risk subhazard models were used to develop prognostic nomograms based on
the information on individual patients in a population-based thyroid cancer cohort followed up for
a median period of 126 months. Analyses were conducted using R version 2.13.2. The R packages
cmprsk10, Design, and QHScrnomo were used for modeling, developing, and validating the no-
mograms for prediction of patients’ individualized risks of relapse and death of thyroid cancer.

Setting: This study was performed at CancerCare Manitoba, the sole comprehensive cancer center
for a population of 1.2 million.

Patients: Participants were a population-based cohort of 2306 consecutive thyroid cancers ob-
served in 2296 patients in the province of Manitoba, Canada, during 1970 to 2010.

Main Outcome Measures: Outcomes were discrimination (concordance index) and calibration
curves of nomograms.

Results: Our cohort of 570 men and 1726 women included 2155 (93.4%) differentiated thyroid
cancers. On multivariable analysis, patient’s age, sex, tumor histology, T, N, and M stages, and
clinically or radiologically detectable posttreatment gross residual disease were independent de-
terminants of risk of relapse and/or death. The individualized 10-year risks of relapse and death of
thyroid cancer in the nomogram were predicted by the total of the weighted scores of these
determinants. The concordance indices for prediction of thyroid cancer–related deaths and re-
lapses were 0.92 and 0.76, respectively. The calibration curves were very close to the diagonals.

Conclusions: We have successfully developed prognostic nomograms for thyroid cancer with excellent
discrimination (concordance indices) and calibration. (J Clin Endocrinol Metab 98: 4768–4775, 2013)

Thyroid cancer is the fastest growing cancer in Cana-
dian Cancer Statistics 2012 with age-standardized

incidence increasing at the rate of 6.8% per year in men

(1998–2007) and 6.9% per year in women (2002–2007)
(1). The 10-year relative survival ratio in 2004 to 2006 was
97% (95% confidence interval [CI], 96%–98%) (2). The
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lifetime probability of developing thyroid cancer for a Ca-
nadian woman is 1 in 71 (1.4%) but only 1 in 1374 (0.1%)
will actually die of it. Canadian men have a lower lifetime
risk of developing thyroid cancer at 1 in 223 (0.4%) with
the risk of death of thyroid cancer at 1 in 1937 (0.1%) (3).
Survival of patients with thyroid cancer is significantly
influenced by a variety of factors such as age, sex, histo-
logical type, stage of presentation, and treatment that have
been incorporated into various staging/prognostic scoring
systems for thyroid cancer (4–18) to predict oncological
outcome. Most of these are applicable only to the differ-
entiated thyroid cancers (DTCs) (6–18) and provide strat-
ified group risks rather than individualized risks. A no-
mogram,on theotherhand, canbeappliedacrossdifferent
histological types to generate the numerical probability of
individual’s clinical outcome, based on his or her risk
assessment.

Nomograms provide visual explanation for predicted
probabilities of an outcome as obtained by statistical pre-
dictive models that calculate the cumulative effect of
weighted variables on the probability of that outcome.
Nomograms have been used in prostate, lung, pancreas,
breast, stomach, and renal cancers as well as for sarcomas
to predict treatment outcomes (19–28). The only nomo-
gram that has been developed to predict survival in thyroid
cancer is based on the Surveillance, Epidemiology, and
End Results (SEER) database (29) that has inherent lim-
itations such as a lack of treatment and relapse details. For
a nomogram to be universally acceptable, it should ideally
be population-based or derived from multi-institutional
data. Because most thyroid cancers have an indolent
course and many failures take place years after diagnosis
and treatment, a prolonged follow-up and a low attrition
of cohort, such as ours, are critical for testing the validity
of nomogram. This study was planned to build a prog-
nostic nomogram to predict risks of relapse and death of
thyroid cancer using data from the Manitoba thyroid can-
cer cohort.

Patient and Methods

Study cohort
This study involved a review of electronic and paper records

of a population-based cohort of all 2306 consecutive thyroid

cancers diagnosed in 2296 patients in Manitoba, Canada from
January 1, 1970, to December 31, 2010 (Manitoba thyroid can-
cer cohort). Ethics approval for this study was obtained from the
Research Ethics Board at the University of Manitoba. We re-
viewed individual electronic and paper records of diagnosis and
treatment of individual patients of this cohort at CancerCare
Manitoba, the tertiary cancer care center for the province of
Manitoba with a catchment population of about 1.2 million and
Manitoba Cancer Registry as a part of it. The primary sources of
diagnostic information included 2148 pathology reports, 80 dis-
charge summaries, 56 autopsy records, 18 operative reports, and
death certificates. Patient demographics, extent of disease at ini-
tial presentation, treatment modalities used, pathology details,
cancer recurrences during the follow-up, and the final oncolog-
ical status as of January 1, 2013, were recorded. All patients who
migrated out of the province (considered lost to follow-up) dur-
ing the study period were censored at that point in time. Patients
in whom cancer was initially diagnosed by autopsy or death
certificate were excluded from the survival analyses.

Statistical methods
The data were managed and analyzed using SPSS for Win-

dows version 20.0 (SPSS Inc). A value of P � .05 (two-sided) was
considered to indicate statistical significance and 95% CIs were
used to express reliability in the estimates. The patient charac-
teristics, the extent of disease at presentation, and the tumor
histology were recorded along with the treatment modalities, the
patterns of failure, and the final oncological outcome. Relapse-
free survival (RFS) and disease-specific survival (DSS) were es-
timated by the Kaplan-Meier product limit method. The effects
of age at diagnosis, patient’s sex, tumor size, extrathyroidal ex-
tension, lymph node metastasis, distant metastasis, the histolog-
ical type, treatment modalities, and the presence of posttreat-
ment gross residual disease on the 10-year probability of relapse
and death by disease were evaluated by competing risk analysis
(30) to assess the competing influence of other causes of mor-
tality, such as death due to a second primary tumor or noncancer
deaths.

Cumulative incidence function was used to describe the prob-
ability of relapse and death using a proportional hazards regres-
sion model to directly model the subdistribution of a competing
risk (31). After exclusion of 60 thyroid cancers that were detected
either at autopsy (56 patients) or by death certificate (4 patients)
and 10 patients with familial medullary thyroid cancers, 2226
patients were included in the proportional hazards regression
model for competing risk analysis for deaths due to thyroid can-
cer, Similarly, 1977 patients who had complete resection of their
thyroid cancer without any posttreatment residual disease were
included in the proportional hazards regression model for com-
peting risks analysis of relapse of thyroid cancer. Period of di-

Table 1. Case Fatality Rate and DSS by Histological Types of Thyroid Cancers

Histological Type
Case Fatality
Rate, %

10-y DSS
(95% CI)

10-y RFS
(95% CI)

Papillary (n � 1763) 3.6 96.8 (95.7–97.7) 87.7 (85.9–89.4)
Follicular (n � 268) 9.0 91.5 (87.0–94.5) 87.3 (82.4–91.0)
Hürthle cell (n � 85) 17.6 81.4 (69.7–89.0) 69.8 (57.9–79.0)
Medullary (n � 79) 26.6 77.6 (65.4–85.9) 27.3 (6.5–53.9)
Poorly differentiated (n � 39) 31.2 74.1 (28.9–93.0) 52.0 (38.5–63.9)
Anaplastic (n � 72) 83.3 7.3 (2.4–15.9) 1.4 (0.1–6.7)

doi: 10.1210/jc.2013-2318 jcem.endojournals.org 4769



agnosis was also included to produce estimates for the nomo-
grams based on a more recent cohort. Analyses were conducted
using R version 2.13.2 (www.r-project.org). The R packages
cmprsk10, Design, and QHScrnomo were used for modeling and
developing the nomograms. Restricted cubic splines were used
for the continuous variable of age. The default setting for 4 knots
was used for RFS, and the default setting for 3 knots was used for
disease-specific survival. Twenty imputations were produced
with the mice package for missing values among predictor
variables.

Based on the weighted relative importance of individual prog-
nostic factors on the 10-year risks of relapse and death of disease,
prognostic nomograms were developed as described earlier (32).
The models were internally cross-validated by calibration (cal-
ibration curve) and discrimination (concordance index) using
QHScrnomo. Calibration curves and concordance indexes were
produced using only 1 of the 20 complete datasets after multiple
imputations.

Results

In total, 2306 thyroid cancers were observed in Manitoba
in 2296 patients from 1970 to 2010 and followed up for
26 715.19 patient-years with a 2.1% loss to follow-up.
Nine patients had a synchronous second primary tumor of
a different histology along with papillary thyroid cancer (3
follicular, 3 Hürthle cell, 2 medullary, and 1 poorly dif-
ferentiated), and 1 patient had a metachronous second
papillary carcinoma in the contralateral thyroid lobe 25
years after initial management. The Manitoba thyroid
cancer cohort included 570 (24.8%) men and 1726
(75.2%) women with a mean age of 49 � 18 years. Pap-
illary thyroid cancer was the most commonly observed
histological type (Table 1). T1 tumors were seen in 978
(32.6%) patients, T2 tumors in 597 (26%) patients, T3
tumors in 468 (20.4%) patients, and T4 tumors in 246
(10.7%) patients. In 7 (0.3%) patients, a primary tumor
was either not identified or could not be staged. At the time
of diagnosis, 544 (23.7%) patients had lymph node in-
volvement in the neck and 90 (3.9%) patients had evi-
dence of distant metastasis. Multifocal thyroid cancers
were observed in 742 (32.3%) patients and a gross ex-
trathyroidal extension of tumor in 480 (20.9%) patients.
Total thyroidectomy was performed in 55.1% of all pa-

Table 2. Prognostic Factors Influencing Cumulative
Incidence of Death From Thyroid Cancer in Proportional
Hazards Regression for Subdistribution of Competing
Risks (n � 2226)

Prognostic Factors
Subhazard
Ratio 95% CI

P
Value

Age (10-y
increments)

1.67 1.47–1.91 .001

Sex (male vs female) 2.195 1.49–3.24 .001
Histology

Histology(medullary
vs papillary)

4.219 2.40–7.42 .001

Histology
(Follicular vs
papillary)

1.122 0.67–1.89 .664

Distant metastasis 8.462 4.86–14.75 .001
T stage

T4 vs T1 3.439 1.73–6.83 .001
T3 vs T1 2.580 1.30–5.04 .007
T2 vs T1 1.519 0.74–3.13 .257

Posttreatment
residual disease

2.412 1.40–4.15 .001

Regional lymph
node
involvement

2.212 0.97–5.03 .063

Extent of
thyroidectomy
(total vs hemi)

1.521 0.86–1.41 .151

Table 3. Prognostic Factors Influencing Cumulative Incidence of Relapse of Thyroid Cancer in Proportional Hazards
Regression for Subdistribution of Competing Risks (n � 1977)

Prognostic Factors
Subhazard
Ratio 95% CI

P
Value

Agea 0.952 0.92–0.98 .002
Age�a 1.118 0.99–1.25 .053
Age�a 0.788 0.55–1.13 .195
Sex (Male vs Female) 1.607 1.16–2.22 .004
Histology

Medullary vs papillary 2.371 1.39–4.05 .002
Hürthle/poorly differentiated vs papillary 2.651 1.51–4.64 .001
Follicular vs papillary 0.768 0.43–1.37 .370
Distant metastasis 11.593 5.00–26.90 .001
Regional lymph node involvement 2.414 1.68–3.47 .001

T stage
T4 vs T1 2.728 1.52–4.89 .001
T3 vs T1 2.372 1.62–3.47 .001
T2 vs T1 1.189 0.77–1.83 .432

Extent of thyroidectomy (hemi vs total) 0.803 0.56–1.12 .221
a Nonmonotonic relationship of age with relapse of thyroid cancer.
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tients and 54.3% of patients with DTCs (73% of these
received adjuvant radioactive radioiodine). All patients
with unresectable macroscopic residual disease in the neck
at the time of surgery after total thyroidectomy or those at
a high risk of disease recurrence, such as those with T3/T4
tumors or regional and distant metastasis received radio-
active iodine for differentiated thyroid cancer. Use of ex-
ternal beam radiation therapy was limited to unresectable
macroscopic residual disease.

Oncological outcomes of treatment with curative in-
tent were assessed in the 2065 patients who underwent
primary surgical treatment after exclusion of those whose
cancer was diagnosed only on autopsy or death reports
(n � 60), those who died before surgery (n � 64), those
who were not candidates for surgery (n � 35), those who
refused treatment (n � 24), and those whose primary sur-

gery or follow-up was performed in another province or
country (n � 48). A further 78 (3.8%) patients had post-
surgery macroscopic residual disease, and they were ex-
cluded from the model to predict the risk of relapse. Dur-
ing the median follow-up of 10.5 years (interquartile
range, 4.8–18.8 years), another 200 (9.7%) patients had
had clinical/radiological evidence of recurrent disease af-
ter at least 6 months following an initial successful treat-
ment. The recurrences were in the residual thyroid lobe or
thyroid bed in 23 (11.5%) patients, in the central com-
partment of the neck in 64 (32%) patients, in the lateral
compartment of the neck in 44 (22%) patients, at a distant
metastatic site in 54 (27%) patients, and at multiple sites
in 15 (7.5%) patients. RFS at 10 years after radical treat-
ment was 89.3% (95% CI, 87.7%–90.8%), and 90.5% of

Figure 1. Thyroid cancer prognostic nomograms to predict risk of deaths (A) and relapses (B).
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all recurrences were observed during this period (69.5%
within the first 5 years).

The 10-year DSS of the Manitoba thyroid cancer co-
hort (N � 2296) was 91.8% (95% CI, 90.5%–92.9%)
and 76% of all thyroid cancer–related deaths were ob-
served within 10 years (54.9% within first 5 years). In all,
201 patients died of thyroid cancer (case fatality rate,
8.8%). Of the patients who died of thyroid cancer, 63
(31.3%) had papillary carcinoma, 60 (29.9%) had ana-
plastic cancer, 24 (11.9%) had follicular cancer 21
(10.4%) had medullary cancer, 15 (7.5%) had Hürthle
cell cancer, 8 (4%) had poorly differentiated cancer, and
10 (5%) had an unspecified thyroid carcinoma. Because
the case fatality rate of anaplastic thyroid cancer was ex-
tremely high and the 10-year DSS and RFS were very poor
(Table 1), the multivariable analyses for computing risks
of death and relapse were restricted to nonanaplastic thy-
roid cancers. In addition, because the behavior of familial
medullary thyroid cancers (n � 10) is largely determined
by their specific gene mutations, these patients were ex-
cluded from multivariable analysis. The patient’s age at

diagnosis, sex, T stage, histological type, presence of dis-
tant metastasis, and posttreatment macroscopic residual
disease were important determinants of the cumulative
incidence of death due to thyroid cancer on multivariable
analysis (Table 2). Lymph node positivity had a very sig-
nificant impact on the cumulative incidence of relapses
after complete resection of macroscopic disease (Table 3)
but not on the incidence of deaths of thyroid cancer. The
extent of thyroidectomy did not have any independent
impact on the risk of dying of cancer, and adjuvant ra-
dioactive iodine showed collinearity with total thyroidec-
tomy.Consequently, bothof thesewerenot included in the
nomogram. Based on the subhazard ratio of the different
independent prognostic factors, we constructed nomo-
grams to predict the cumulative incidence of deaths due to
thyroid cancer (Figure 1A) and posttreatment relapse of
disease (Figure 1B). Our model had a high concordance
index for predicting the risks of thyroid cancer–related
death (0.92) and relapse (0.76), indicating an excellent
discrimination capability. The marginal estimate was
plotted vs model average predictive probability as calibra-
tion plots (Figure 2, A and B), and most of the predictions
fell on the 45° diagonal line.

Discussion

Thyroid cancer is the most common malignant endocrine
tumor and in 2012 about 5650 new cases were detected in
Canada (1). It is a cancer of young women and accounts
for 11% of all cancers in women younger than 40 years,
second only to breast cancer. More than 90% of the thy-
roid cancers are either follicular or papillary carcinoma,
often termed DTC and carry excellent prognosis. The age
of the patient at the time of diagnosis has a significant
impact on the oncological outcome of both DTC and med-
ullary thyroid cancer (MTC) (4–11, 33). Surgery is the
mainstay of treatment of nonanaplastic thyroid cancer
and posttreatment gross residual disease is considered to
be an important prognostic factor for both DTC and MTC
(13, 34). The use of numerous age-based prognostic scor-
ing systems for predicting the outcome of thyroid cancer
signifies that none is universally acceptable. Moreover,
most of these staging systems are valid only for DTC (6–
18) and more specifically for papillary thyroid cancer (6,
10–13, 15, 17, 18). Prognostic scoring systems (4, 6, 9, 11,
13, 17) require lengthy calculations of prognostic scores
that make individualized risk prediction quite arduous.
Various risk stratification systems (5, 7, 8, 10, 12, 14–16,
18) are easier to use in clinics, but they provide stratified
group risk estimates rather than individualized patient
risk. The American Thyroid Association proposed a stag-

Figure 2. Calibration plots for predicting risks thyroid cancer related
deaths (A) and relapses (B).
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ing system (35) to predict the risk of recurrence in low-,
intermediate-, and high-risk groups of DTCs, categorized
on the basis of regional and distant metastases, complete-
ness of resection, locoregional tumor invasion at initial
surgery, aggressive histology, and 131I uptake outside the
thyroid bed on the whole-body radioactive iodine scan.

Nomograms combine multiple independent variables
to predict an outcome using the prognostic weight of each
variable in calculating the probability of such an outcome.
Prognostic nomograms can be developed for a variety of
clinical outcomes, such as survival (overall or disease-spe-
cific) and the probability of developing locoregional re-
currence or metastasis. An ideal nomogram should be re-
liable, widely applicable, and also easy to use. Although
thyroid cancers represent a conglomerate of different his-
tological types with varying outcomes, the prognostic fac-
tors independently influencing the risks of relapse and
death are similar for most nonanaplastic thyroid cancers
as outlined in Tables 2 and 3. We explored the feasibility
of outcome predictions at 5, 10, and 20 years in the no-
mograms. We opted for a 10-year time frame for outcome
prediction because most of the nonanaplastic thyroid can-
cers are indolent and a 5-year period is very short to detect
late recurrences and deaths of thyroid cancer. More than
30% of relapses and 45% of deaths of thyroid cancers
were observed after 5 years, whereas more than 90% of
thyroid cancer relapses and more than three quarters of
deaths of thyroid cancers were observed within first 10
years. Although the outcome prediction at 20 years would
have been ideal, it becomes less reliable because the me-
dian follow-up of the cohort is 10.5 years. We incorpo-
rated the clinically relevant prognostic factors indepen-
dently influencing the incidences of relapse and deaths of
thyroid cancers such as tumor stage (T), distant metastasis
(M), age and sex of the patient, and tumor histology to
construct an easy-to-use nomogram. Posttreatment gross
residual disease was an important factor only for predic-
tion of death of thyroid cancer. Understandably, the pa-
tients with residual tumor were excluded from the regres-
sion model to predict thyroid cancer relapse because the
quantification of macroscopic residual disease is very sub-
jective and variable. Lymph node metastasis predicted a
higher risk of future disease relapse, but it did not alter the
risk of dying of thyroid cancer.

Prognostic nomograms use the experience of a large
group of patients to predict an individual’s prognosis
based on the individual’s characteristics. The likelihood of
a reliable prediction depends on the robustness of the
model and its representativeness. A large population-
based cohort with low attrition rates such as ours (only
2.1% loss to follow-up over 40 years) is probably the best
possible model to study the oncological outcomes of thy-

roid cancer such as relapses and deaths. The Manitoban
population (our cohort) is a mix of different ethnic groups
from all over the world because of immigration over the
years. It is likely that the nomogram applies to other pop-
ulations, but this needs to be demonstrated. Our source of
informationwasquite reliablebecause the individualmed-
ical records were reviewed for their accuracy and com-
pleteness. We included the period of diagnosis to produce
estimates for the nomograms to minimize the impact of
time-dependent changes in treatment practices, if any.
Larger databases such as the SEER database are robust,
but they have the inherent limitations in terms of coverage,
coding reliability, patient migration to an area that is not
covered by SEER, and availability of limited information
on the treatment details for the patients. Yang et al (29)
proposed nomograms based on SEER data to predict 5-
and 10-year mortality related to thyroid cancer, other can-
cers, and other causes. However these nomograms do not
take into consideration the presence of posttreatment re-
sidual disease, which is a known prognostic factor for both
DTC and MTC (13, 34). We used T stage to quantify the
extent of the primary tumor, incorporating both the size
and the extrathyroidal extension, rather than classifying
the extent as local, regional, and distant. Regional disease
could signify either an extension into adjacent tissue or to
the regional lymph node(s). In the latter case, the nodal
disease figures twice in their nomogram, both in the extent
of tumor as well as in the lymph node involvement. Sex of
the patient is not included in their nomogram to predict the
probability of death of thyroid cancer, even though its
impact on cumulative incidence of thyroid cancer deaths
in their study was very significant (P � .001). The other 2
nomograms published by Yang et al (29) deal with death
of other cancers and noncancer deaths in which thyroid
cancer does not have a major role. Our thyroid cancer
population cohort offsets the limitations that are inherent
to the nature of SEER database such as the lack of infor-
mation on relapses that precludes the development of the
nomogram to predict this important oncological outcome.
Our nomogram predicting cumulative incidence of relapse
of thyroid cancer shows a very interesting, nonmonotonic
relationship between age of the patients and relapse (Fig-
ure 1B). There was a bimodal relationship (scales wrap-
around) between relapse and age of the patients even
though this high relapse rate at a younger age does not lead
to a higher number of deaths of thyroid cancer as it is
evident from the 2 nomograms. Moreover, the lymph
node involvement, an important determinant of risk of
relapse, is more often observed in pediatric patients who
tend to have more relapses (36).

Prognostic modeling has some limitations because the
oncological outcome determined over a long period of
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time could have been influenced by the changes in the
treatment and follow-up recommendations. However, in
our study cohort, more aggressive treatment by total thy-
roidectomy with adjuvant radioactive iodine has not re-
sulted in any significant increase in the risk of relapse as
long as there was no residual disease (Table 2). Conse-
quently, the treatment modalities were not included in the
nomogram. We had earlier reported an improvement in
the survival of our thyroid cancer cohort over the last 4
decades independent of changes in the tumor size or treat-
ment modalities (37). The prognostic factors that influ-
enced the disease-specific survival have remained largely
unaltered during the study period (37). Thus, the time
period of this study is unlikely to have any independent
influence on the nomograms. Some differences such as
follicular vs papillary histology and T1 vs T2 tumor stage
were not statistically significant but were incorporated in
the nomogram because of the overall importance of the
prognostic factor. The relapse prediction is valid only for
those thyroid cancers that are treated with curative intent
with no clinical or radiological evidence of residual disease
as outlined in the model. We did not consider isolated
hyperthyroglobulinemia or molecular markers such as
BRAF (38) as independent prognostic factors because they
were not a part of the standard clinical care in a large
proportion of our cohort and their independent impact
without discernible disease is contentious. We recognize
that MTC represents a diverse group of cancers with spe-
cific gene mutations determining the prognosis of familial
MTC. In our cohort, 10 (12.6%) patients had familial
MTC and were excluded from the models to develop no-
mograms. Therefore, these nomograms are appropriate
for use with sporadic MTC but not familial MTC.

Discrimination, the ability of a model to separate sub-
ject outcomes, can be measured with a concordance index
between predicted probability and response, defined as
the proportion of all evaluable ordered patient pairs for
which predictions and outcomes are concordant (39, 40).
Our nomograms had very good concordance indices of
0.92 (thyroid cancer deaths) and 0.76 (thyroid cancer re-
lapses), where 0.5 is the worst (complete random predic-
tion) and 1.0 is the best score (perfect prediction). Cali-
bration is the other ability of the model to make unbiased
estimates of outcome. On the calibration plot, most of the
predictions fell on the 45° diagonal line, suggesting very
high calibration.

To conclude, we were successful in developing unique
nomograms to predict the likelihood of relapse and death
from thyroid cancer in an individual patient with good
calibration and discrimination capabilities. We have in-
ternally cross-validated these nomograms, and we look

forward to their external validation as well as evolution
into a web-based tool for popular use.
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Abstract

In North America, the incidence of thyroid cancer is increasing by over 6% per

year. We studied the trends and factors influencing thyroid cancer incidence, its

clinical presentation, and treatment outcome during 1970–2010 in a population-

based cohort of 2306 consecutive thyroid cancers in Canada, that was followed

up for a median period of 10.5 years. Disease-specific survival (DSS) and

disease-free survival were estimated by the Kaplan–Meier method and the inde-

pendent influence of various prognostic factors was evaluated by Cox propor-

tional hazard models. Cumulative incidence of deaths resulting from thyroid

cancer was calculated by competing risk analysis. A P-value <0.05 was considered

to indicate statistical significance. The age standardized incidence of thyroid can-

cer by direct method increased from 2.52/100,000 (1970) to 9.37/100,000 (2010).

Age at diagnosis, gender distribution, tumor size, and initial tumor stage did not

change significantly during this period. The proportion of papillary thyroid

cancers increased significantly (P < 0.001) from 58% (1970–1980) to 85.9%

(2000–2010) while that of anaplastic cancer fell from 5.7% to 2.1% (P < 0.001).

Ten-year DSS improved from 85.4% to 95.6%, and was adversely influenced by

anaplastic histology (hazard ratio [HR] = 8.7; P < 0.001), male gender

(HR = 1.8; P = 0.001), TNM stage IV (HR = 8.4; P = 0.001), incomplete surgi-

cal resection (HR = 2.4; P = 0.002), and age at diagnosis (HR = 1.05 per year;

P < 0.001). There was a 373% increase in the incidence of thyroid cancer in

Manitoba with a marked improvement in the thyroid cancer-specific survival

that was independent of changes in patient demographics, tumor stage, or treat-

ment practices, and is largely attributed to the declining proportion of anaplastic

thyroid cancers.

Introduction

Thyroid cancer is the most common malignant endocrine

tumor and is the seventh most common cancer seen in

Canadians with an estimated 5650 new thyroid cancers

diagnosed in 2012 [1]. In Canada, the incidence of thy-

roid cancer is increasing more rapidly than any other

cancer; by 6.8% per year in Canadian males (1998–2007)
and by 6.9% per year in Canadian females (2002–2007)
[1]. Similar trends have been reported globally [2–13]. By
direct method, the age standardized incidence rate (ASIR)

of thyroid cancer per 100,000 Canadians has increased

from 1.1 in 1970–1972 to 6.1 in 2012 for males, and from

3.3 to 22.2 in females during the same period [1, 14].

The trends in the United States (US) mirror that of Can-

ada with a threefold increase in the incidence of thyroid

cancer from 4.85/100,000 in 1975 to 14.25/100,000 in

2009 and an annual percent increase (2000–2009) of 6.0%
for the US males and 6.9% for the US females [15]. The

age and delay adjusted incidence rate of thyroid cancer

between 2006 and 2010 was 6.1/100,000 for the US males

and 18.2/100,000 for the US females using joint point

regression program. An estimated 56,460 new cases of

thyroid cancers are likely to be seen in the US in 2012

and 1780 will die from it. The life time probability of

developing a thyroid cancer for a Canadian female is 1 in
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71 (1.4%) but only 1 in 1374 (0.1%) will actually die

from it [16]. Canadian males have a lower life time risk

of developing thyroid cancer at 1 in 223 (0.4%) with the

risk of death from thyroid cancer at 1 in 1937 (0.1%).

Although the incidence of thyroid cancer has been

rising, it had an excellent 5-year relative survival ratio

of 98% in 2011 [16]. Thyroid cancers represent a con-

glomerate of different histological types that have diverse

clinical behavior. Differentiated thyroid cancers (papillary

and follicular) typically have an excellent survival, whereas

poorly differentiated and anaplastic thyroid cancers have

a very poor outcome. Although the time trends in the

incidence of thyroid cancer in Canada have been reported

earlier [14, 17], little has been recorded about the trends

in outcome of thyroid cancer in a population cohort. The

objective of this study was to assess the trends in the inci-

dence, clinical presentation, treatment practices, and dis-

ease outcome of thyroid cancer in a population-based

cohort spanning four decades from 1970 to 2010.

Patients and Methods

Study group

Manitoba thyroid cancer cohort is a historical cohort that

includes all 2306 consecutive thyroid cancers observed in

2296 patients in the province of Manitoba, Canada, from

1 January 1970 to 31 December 2010, as registered in the

Manitoba Cancer Registry. The Manitoba Cancer Registry

is a member of the North American Association of Cen-

tral Cancer Registries which administers a program that

reviews member registries for their ability to produce

complete, accurate, and timely data. CancerCare Mani-

toba is the sole comprehensive cancer care center in the

province where all the cancer patients from the province

are primarily referred and the Manitoba Cancer Registry

is a part of CancerCare Manitoba. Ethics approval for this

study was obtained from the Research Ethics Board at the

University of Manitoba.

We reviewed individual electronic and paper records of

diagnosis and treatment for this cohort of patient. The

primary source of diagnostic information included 2148

pathology reports, 80 discharge summaries, 56 autopsy

records, 18 operative reports, and 4 death certificates.

ASIR was calculated by direct method (1). Age-specific

incidence rates were initially calculated by using the age

distributions of the newly diagnosed thyroid cancers cases

in the province and that of the provincial population for

each year obtained from the Manitoba Health’s popula-

tion registry, Manitoba Bureau of Statistics [18] and Sta-

tistics Canada [19]. Age-specific incidences were then

applied to the 1991 standard Canadian population [1] to

calculate the ASIR per 100,000 population.

Patient demographics, extent of disease at initial pre-

sentation; the treatment modalities employed; pathology

details; cancer recurrences during follow-up and final out-

come status as of 1 January 2013 were recorded. All

patients who migrated out of province (considered lost to

follow-up) or died during the study period, were censored

at that point in time. All cases were restaged according to

the American Joint Cancer Committee/Union Internatio-

nale Contre le Cancer (AJCC/UICC) staging for thyroid

cancer (7th edition, 2009); the topography and the histol-

ogy were recoded by WHO International Classification of

Diseases for Oncology (3rd Edition) codes and the dis-

ease, signs, and symptoms by International Classification

of Diseases (10th edition) codes to ensure uniformity.

The pathology and treatment details of 683 (29.6%) were

independently reviewed for accuracy as a part of a collab-

orative staging project.

Statistical analysis

Analysis of variance was used to compare group means,

and categorical data were compared using the Pearson

chi-square test with continuity correction, as appropriate.

A P-value <0.05 was considered to indicate statistical sig-

nificance and 95% confidence intervals were used to

express reliability in the estimates. After checking for nor-

mality assumption the mean and standard deviation were

used to express normally distributed data (such as age of

the patients) and median with interquartile range were

used for nonnormally distributed data (such as tumor size

and follow-up). The data were managed and analyzed

using SPSS for Windows version 20.0 (SPSS Inc., Chi-

cago, IL). Disease-free survival (DFS) and disease-specific

survival (DSS) were estimated by the Kaplan–Meier prod-

uct limit method, and the effect of individual prognostic

factors on survival was assessed by using the log rank test.

Multivariate analyses were performed with Cox propor-

tional hazard models to assess the independent effect of

prognostic factors on DSS after testing for the propor-

tional hazard assumption. The competing influence of

other causes of mortality, such as death due to a second

primary tumor or noncancer deaths, was analyzed by

competing risk regression model using STATA version 12

(StataCorp. TX).

Results

Study cohort

In total, 2306 thyroid cancers were observed in Manitoba

in 2296 patients from 1970 to 2010. Nine patients had a

synchronous second primary tumor of a different histo-

logy along with papillary thyroid cancer (follicular-3,
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h€urthle cell-3, medullary-2, poorly differentiated-1), while

one patient had a metachronous second papillary carci-

noma in the contra-lateral thyroid lobe 25 years after ini-

tial management. According to 2011 census, the

population of Manitoba was recorded at 1,208,268 that

increased by an average of 0.56% per year from 1970 level

of 988,245. The number of newly diagnosed thyroid can-

cers increased from 22 in 1970 to 122 in 2010, and the

ASIR per 100,000 for thyroid cancer from 2.52 (95% con-

fidence interval [CI] = 1.57–3.83) in 1970 to 9.37 (95%

CI = 7.65–11.08) in 2010 (Fig. 1). The ASIR per 100,000

rose from 0.72 (95% CI = 1.57–3.83) in 1970 to 4.94

(95% CI = 3.35–7.03) in 2010 for males and the respec-

tive rates for females went up from 4.28 (95% CI = 2.56–
6.71) to 13.75 (95% CI = 10.96–17.04). The ASIR per

100,000 for anaplastic thyroid cancers fell from 0.11 (95%

CI = 0.05–0.19) during 1970–1980 to 0.05 (95%

CI = 0.02–0.11) in 2001–2010 for both sexes and the

respective rates for papillary thyroid cancer went up from

0.93 (95% CI = 0.75–1.15) to 6.64 (95% CI = 6.17–7.11).
The Manitoba thyroid cancer cohort included 570

(24.8%) males and 1726 (75.2%) females with a mean age

(�standard deviation) of 49 � 18 years. The mean age

of patients at the time of diagnosis, median tumor size,

and the tumor stage at presentation showed statistically

nonsignificant change (P > 0.05, NS) over the past four

decades (Table 1). Thyroid cancers ≤10 mm (micro-

carcinoma) represented 23.4% of all thyroid cancers and

this proportion did not change significantly (P = 0.87)

during the study period. Lymph node involvement was

present in 23.7% cases and distant metastasis in 3.9% cases

at the time of diagnosis. Multifocal disease was observed in

32.3% cases, gross extrathyroidal extension of tumor in

20.9% cases, and complete surgical excision of gross

tumor was achieved in 96.1% cases. The distribution of

T stage (P = 0.50), N stage (P = 0.27), and M stage

(P = 0.61) as well as the proportion of patients with mul-

tifocal disease (P = 0.26), gross extrathyroidal extension

of tumor (P = 0.66) or with complete excision of tumor

(P = 0.40) remained unchanged during the study period.

Papillary thyroid cancer was the most common histo-

logical type, and the proportion of papillary thyroid can-

cers steadily increased from 58.0% (1970–1980) to 85.9%

(2000–2010). Most of the thyroid cancers were classical

papillary thyroid cancers (46.9%), followed by follicular

(24.2%), encapsulated (2.3%), and microinvasive (1.6%)

variants. Sclerosing, solid, tall cell, and columnar cell vari-

ants together accounted for only 1.9% of all thyroid can-

cers. During the same period, the proportion of all

thyroid cancers that were diagnosed as follicular variants

of papillary thyroid cancer increased from 12.4% to

32.9% (Table 1), whereas the proportion of follicular car-

cinoma fell from 26% to 5.1% (P < 0.001) and anaplastic

carcinoma from 5.7% to 2.1% (P < 0.001). The propor-

tion of medullary thyroid carcinoma has remained nearly

unchanged. Total thyroidectomy was performed in 55.1%

cases and 34.8% had adjuvant radioactive iodine (RAI).

The percentage of the patients undergoing total thyroid-

ectomy increased by two and a half times between 1970

and 1980 and 2001–2010 (P < 0.001) while those receiv-

ing adjuvant RAI increased by over five times

(P = 0.004).

Oncological outcome of thyroid cancer

In all, 201 patients died from thyroid cancer (case fatality

rate 8.8%). The case fatality rate for different histological

types of thyroid cancer is summarized in Table 2. Of all

deaths due to thyroid cancer, 63 (31.3%) had papillary

carcinoma, 60 (29.9%) anaplastic, 24 (11.9%) follicular,

21 (10.4%) medullary, 15 (7.5%) h€urthle cell, 8 (4%)

poorly differentiated, and 10 (5%) had unspecified thy-

roid carcinoma. The 10-year DSS of Manitoba thyroid

cancer cohort (N = 2296) was 91.8% (95% CI = 90.5–
92.9%), which improved significantly from 85.4% (1970–
1980) to 95.6% (2001–2010) (Table 1). Tumor histology

had a very significant impact on the DSS and DFS surviv-

als (Table 2). Papillary thyroid cancer had the best DSS

rates (96.8% at 10 years and 94.6% at 20 years), whereas

only 7.3% with anaplastic cancer survived for 10 years.

The cumulative incidence function (CIF) by competing

risk regression analysis (Fig. 2) shows an 8.1% reduction

(from 12.6% to 4.5%) in death due to thyroid cancer at

10 years of follow-up.

Treatment outcomes were assessed in the 2065 patients

who underwent primary surgical treatment with radical
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Figure 1. Trends in the age standardized incidence, the number of

newly diagnosed thyroid cancers in Manitoba, Canada (1970–2010).
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intent in Manitoba; after excluding cases that were

diagnosed only on autopsy or death report (n = 60),

those who died before surgery (n = 64), nonsurgical can-

didates (n = 35) or those who refused treatment

(n = 24), and if primary surgery or follow-up performed

in another province/country (n = 48). During median fol-

low-up of 10.5 years (interquartile range = 4.8–
18.8 years), 78 (3.8%) patients had posttreatment residual

disease and another 200 (9.7%) patients had recurrence

of disease at least 6 months after successful initial treat-

ment. The recurrences were in the residual thyroid lobe

or thyroid bed in 23 (11.5%) cases, in the central com-

partment of neck in 64 (32%), in the lateral compartment

of neck in 44 (22%), at a distant metastatic site in 54

(27%), and at multiple sites in 15 (7.5%) cases. Ten-year

DFS of the surgically treated patients was 89.3% (95%

Table 1. Clinical characteristics of thyroid cancer by decade of presentation.

1970–1980

(N = 331)

1981–1990

(N = 410)

1991–2000

(N = 594)

2001–2010

(N = 971) P-value

Mean age in years 49.3 � 18.4 47.5 � 18.6 48.0 � 18.7 49.1 � 17.0 0.14 (NS)

Gender ratio (female:male) 2.5:1 2.8:1 3.6:1 3:1 0.45 (NS)

Median tumor size (interquartile range) 19.9 (15–22) mm 20 (20–25) mm 21 (20–24) mm 20 (19–22) mm 0.44 (NS)

Tumor size distribution

≤1 cm 75 (22.6%) 117 (28.5%) 153 (25.8%) 242 (24.9%) 0.13 (NS)

1–2 cm 110 (33.2%) 93 (22.7%) 143 (24.1%) 247 (25.5%)

2–4 cm 108 (32.6%) 152 (37.0%) 197 (33.1%) 310 (31.9%)

>4 cm 38 (11.6%) 48 (11.8%) 101 (17.0%) 172 (17.7%)

Stage I 207 (62.6%) 280 (68.4%) 380 (64.0%) 610 (62.8%) 0.22 (NS)

Stage II 23 (6.9%) 34 (8.3%) 62 (10.4%) 120 (12.4%)

Stage III 32 (9.7%) 52 (12.6%) 62 (10.4%) 125 (12.9%)

Stage IV 69 (20.8%) 44 (10.7%) 90 (15.2%) 116 (11.9%)

Total thyroidectomy 94 (28.4%) 159 (38.9%) 293 (49.3%) 691 (71.2%) <0.001

Adjuvant radioactive iodine 36 (10.9%) 79 (19.3%) 177 (29.8%) 603 (62.1%) 0.004

Histology

Papillary (%) 192 (58.0%) 278 (67.8%) 459 (77.3%) 834 (85.9%) <0.001

Follicular (%) 86 (26.0%) 70 (17.1%) 62 (10.4%) 50 (5.1%)

H€urthle cell (%) 3 (0.9%) 24 (5.9%) 22 (3.7%) 36 (3.7%)

Poorly differentiated (%) 9 (2.7%) 1 (0.2%) 3 (0.5%) 3 (0.3%)

Medullary (%) 17 (5.1%) 24 (5.9%) 17 (2.9%) 21 (2.2%)

Anaplastic (%) 19 (5.7%) 9 (2.2%) 24 (4.0%) 20 (2.1%)

Unspecified (%) 5 (1.5%) 4 (1%) 7 (1.2%) 7 (0.7%)

Median follow-up in months (95% CI) 419.4 (409.9–428.9) 304.9 (296.2–313.7) 188.4 (182.5–194.3) 68.5 (65.4–71.6) <0.001

10 year DSS (N = 2296) 85.4 (82.9-90.0)% 92.2 (89.1–94.5)% 89.3 (86.5–91.6)% 95.6 (90.5–96.6)% <0.001

Posttreatment 10 year DFS (N = 2065) 86.6 (81.1–90.6)% 88.9 (85.1–91.8)% 88.1 (84.7–90.6)% 91.9 (89.2–94.1)% 0.18 (NS)

Table 2. Case fatality rate and survival by histological types of thyroid cancers.

Case fatality rate 10 year DSS (95% CI) 20 year DSS (95% CI) 10 year DFS (95% CI) 20 year DFS (95% CI)

Papillary 3.6% 96.8 (95.7–97.7)% 94.6 (92.9–95.9)% 87.7 (85.9–89.4)% 84.8 (82.5–86.9)%

Follicular 9.0% 91.5 (87.0–94.5)% 88.6 (83.1–92.4)% 87.3 (82.4–91.0)% 86.1 (80.8–90.0)%

H€urthle cell 17.6% 81.4 (69.7–89.0)% 75.6 (61.2–85.2)% 69.8 (57.9–79.0)% 69.8 (57.9–79.0)%

Poorly differentiated 31.2% 74.1 (28.9–93.0)% 74.1 (28.9–93.0)% 27.3 (6.5–53.9)% 27.3 (6.5–53.9)%

Medullary 26.9% 77.6 (65.4–85.9)% 62.6 (47.5–74.5)% 52.0 (38.5–63.9)% 43.1 (28.9–56.6)%

Anaplastic 83.3% 7.3 (2.4–15.9)% 7.3 (2.4–15.9)% 1.4 (0.1–6.7)% 1.4 (0.1–6.7)%
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Figure 2. Cumulative incidence of death resulting from thyroid

cancer over 10 years.
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CI = 87.7–90.8%) that has not changed significantly over

the last four decades (Table 1).

On multivariate analysis by Cox proportional hazard

model, DSS was adversely influenced independently by

nonpapillary histology especially anaplastic (hazard ratio

[HR] = 8.7; 95% CI = 5.2–14.5; P < 0.001), male gender

(HR = 1.8; 95% CI = 1.3–2.5; P = 0.001), TNM stage III

(HR = 2.30; 95% CI = 1.00–5.29, P = 0.05), and IV

(HR = 8.37; 3.99–17.54, P < 0.001), incomplete surgical

resection (HR = 2.4; 95% CI = 1.4–4.2, P = 0.002), and

age at diagnosis (HR = 1.05 per year; 95% CI = 1.03–
1.06; P < 0.001). Each of these factors, except the histo-

logy has remained unchanged during the study period

(Table 1). The extent of thyroidectomy, use of adjuvant

RAI, or the decade of diagnosis did not have any

significant influence on DSS (Table 3). Competing risk

subhazard model confirmed these observations of Cox

regression analysis.

Discussion

A cohort is a population group, or subset thereof, that is

followed over a period of time. The members of the

cohort, based on defined criteria, share common experi-

ence which in this study was diagnosis of thyroid cancer

in the province of Manitoba. By virtue of the residence in

the same province our study cohort was expected to share

similar risk of exposure and get similar standard of medi-

cal care in the publicly funded health care system of the

province. The incidence trends of thyroid cancers in the

US were reported by using the Surveillance, Epidemiol-

ogy, and End Results (SEER) database, which is robust

but it has its inherent limitations in terms of coverage,

coding reliability, patient migration to an area that is not

covered by SEER and limited information on the treat-

ment details of the patients. These limitations make it dif-

ficult to interpret the time trend in treatment of thyroid

cancer and its influence on thyroid cancer related sur-

vival. Due to the excellent treatment outcome of most

thyroid cancers, randomized controlled trials to assess

treatment response will require prohibitively large sample

size and resources and therefore, they are not readily fea-

sible [20]. A population-based cohort with low attrition

rates such as ours (only 2.1% loss to follow-up over

40 years) is the probably the best possible model to study

the time trends in thyroid cancer survival. As all members

of the cohort received the same treatment, that was the

standard of care for their era, and their medical records

were individually reviewed for accuracy and completeness;

our study cohort was a reliable and stable model to study

the trends and factors influencing survival of patients

with thyroid cancer.

Our study shows that the incidence of thyroid cancer

in the province of Manitoba has increased by 373% from

1970 to 2010 that has resulted largely from an increase in

the number of papillary thyroid cancers (Table 1). The

proportion of cancers classified as follicular variant of

papillary thyroid cancer has almost tripled from 12.4% to

32.9%; this has also contributed to the increase in the

proportion of papillary thyroid cancer. At the same time,

the proportion of follicular thyroid cancer has decreased

from 26% to 5.1%, possibly due to a change in the crite-

ria for diagnosing papillary carcinoma after 1988,

whereby, all lesions with typical cytological features

(ground-glass nuclei, nuclear grooves, and psammoma

bodies) were classified as papillary carcinoma even if they

did not show papillae [21]. Thus, many erstwhile follicu-

lar thyroid cancers are rechristened as follicular variant of

papillary thyroid cancer. During the last four decades, the

10-year DSS has improved from 85.4% to 95.6%, whereas

the 10 year DFS has remained stable (86.6–91.9%).

In 2012, thyroid cancers (N = 5650) were expected to

account for 2.1% of all cancers (N = 267,700) in Canada

[1]. The number of the newly diagnosed thyroid cancer

in the province of Manitoba has increased by over three-

fold in the last four decades which is congruent with

Table 3. Multivariate analysis by Cox proportional hazard models for

independent influence of prognostic factors on disease-specific

survival.

Prognostic factor

Hazard ratio

(95% confidence interval)

Age at the time of diagnosis

(per year)

1.05 (1.03–1.06), P < 0.001

Gender (male vs. female) 1.79 (1.28–2.51), P = 0.001

Extent of thyroidectomy

(hemi vs. total)

0.991 (0.60–1.64), P = 0.971 (NS)

Completeness of resection

(incomplete vs. complete)

2.40 (1.37–4.19), P = 0.002

Adjuvant radioactive iodine

(RAI vs. no RAI)

1.59 (0.91–2.79), P = 0.101(NS)

AJCC TNM stage grouping

Stage I 1.00 (reference)

Stage II 1.94 (0.78–4.84), P = 0.155 (NS)

Stage III 2.30 (1.00–5.29), P = 0.05

Stage IV 8.37 (3.99–17.54), P < 0.001

Histology

Papillary 1.00 (reference)

Anaplastic 8.66 (5.18–14.49), P < 0.001

Medullary 2.62 (1.48–4.66), P = 0.001

H€urthle 2.23 (1.21–4.14), P = 0.010

Follicular 1.76 (1.01–3.09), P = 0.047

Decade of diagnosis

1970–1980 1.00 (reference)

1981–1990 0.92 (0.56–1.53), P = 0.753 (NS)

1991–2000 1.40 (0.91–2.17), P = 0.126 (NS)

2001–2010 0.65 (0.40–1.08), P = 0.096 (NS)
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reports from Canada and other countries [2–13]. How-

ever, this increase in our study cohort has not been

restricted to the smaller thyroid cancers as has been

thought of earlier [2, 4, 7, 17]. We observed an increase

in the number of thyroid cancers of all sizes, which is a

true increase in the incidence of thyroid cancer in Mani-

toba and it cannot be explained only by over diagnosis of

subclinical disease. A single cause for this increase is not

apparent and this may be multifactorial due to iodine

deficiency [22], radiation exposure [23–25], long-standing
goiters, and family history [26]. The shift in histological

pattern of thyroid cancer has been reported from other

regions also [27]. The decrease in proportion of anaplas-

tic carcinoma could be a result of more aggressive treat-

ment of goiters and differentiated thyroid cancers by

thyroidectomies before they could undergo anaplastic

transformation. The proportion of tumors >2 cm in our

cohort is higher than that reported earlier [7, 16, 28],

because of the strict criteria for fine needle biopsy of thy-

roid in Manitoba. Most of the microcarcinomas in our

study were incidentally detected in thyroidectomy or

autopsy specimens. Even before the introduction of the

American Thyroid Association guidelines [29], which rec-

ommend threshold sizes of >1 cm (hypoechoic solid nod-

ule), 1–1.5 cm (iso or hyperechoic solid nodule), 1.5–
2 cm (mixed cystic–solid nodule with suspicious fea-

tures), and ≥2.0 cm (mixed cystic–solid nodule without

suspicious features) in a low-risk patient without cervical

lymphadenopathy or microcalcification, radiologist and

surgeons were very conservative in their approach. This is

also reflected by a large proportion of patients (44.9%)

having less than a total thyroidectomy.

During 1970–2010, the DSS for thyroid cancer has

improved by 10.2%, cumulative incidence of death due to

thyroid cancer fell by 8.1%, whereas the DFS for patients

treated with radical intent has remained unchanged

(Table 1). This improvement is not because of an increase

in the proportion of early-stage disease or smaller tumors

in recent years (Table 1). Although both total thyroidec-

tomy and adjuvant RAI treatment have been used more

often during the recent time (Table 1), they did not have

any significant impact on DSS (Table 3). To maintain

homogeneity of data across the study period, only clini-

cally and radiologically detectable disease relapses were

considered as recurrences. Isolated hyperthyroglobulin-

emia was not considered as an evidence of recurrence.

More aggressive treatment of early stage disease has not

resulted in a significantly better disease control, as

reflected by a stable disease free survival during this per-

iod. Therefore, the aggressive use of adjuvant RAI should

be judiciously balanced against the treatment-related

morbidities and the risk of developing second primary

cancer.

On multivariate analysis, DSS was negatively influenced

by nonpapillary tumor histology, male gender, advanced

tumor stage, incomplete surgical resection, and older

age at diagnosis (Table 3). Patient demographics,

completeness of surgery, and initial cancer stage have not

changed significantly in our study cohort (Table 1), how-

ever, there has been a marked change in the relative pro-

portion of various types of thyroid cancer diagnosed over

this time period. The proportion of papillary thyroid can-

cer has increased from 58% (1970–1980) to 85.9% (2000–
2010) and the proportion of anaplastic cancers fell from

5.7% (1970–1980) to 2.1% (2001–2010). As papillary thy-

roid cancer has the best survival rates (96.8% at 10 years)

and anaplastic thyroid cancer has the worst (7.3%

survival at 10 years), the opposite trends in the relative

incidence of papillary and anaplastic thyroid cancers is

most likely responsible for the improved outcome of thy-

roid cancer (Tables 1 and 2). After controlling for other

independent prognostic factors influencing DSS of thyroid

cancer in a multivariate model, there was no difference in

the DSS of thyroid cancer observed over the last four

decades (Table 3).

A time span of four decades is both strength as well as

a limitation of our study as the diagnostic criteria, stag-

ing, and treatment recommendations have evolved over

time. We tried to circumvent this challenge by uniformly

restaging all cancers using the 2009 AJCC/UICC Cancer

Staging System for thyroid cancer. Additionally, as a part

of our collaborative staging project, the pathology and

treatment details of 683 (29.6%) cases were independently

reviewed for accuracy and topography, and histology were

recoded by WHO International Classification of Diseases

for Oncology (3rd edition) codes. In view of prolonged

course of most thyroid cancers, it is possible that other

causes of mortality, unrelated to thyroid cancer, could

result in overestimation of thyroid cancer deaths by Kap-

lan–Meir method. Consequently, we used competing risk

regression to obtain unbiased estimation of cumulative

incidence of deaths resulting from thyroid cancer which

showed a significant change over the study period. A

competing risk is an event the occurrence of which either

precludes or changes the probability of occurrence of

another event of interest. In this study deaths to second

primary cancer and noncancer deaths were treated as

competing risks.

To conclude, we observed a true increase in the inci-

dence of thyroid cancer in the province of Manitoba that

cannot be attributed to over diagnosis of subclinical dis-

ease alone. A 10.2% improvement in DSS of thyroid can-

cer over the last four decades in our population cohort

was independent of early diagnosis or more aggressive

treatment. The major factor contributing to this improve-

ment in survival is the increasing proportion of papillary
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thyroid carcinoma diagnoses and a corresponding

decrease in anaplastic thyroid carcinoma diagnoses, as

outcomes for the former are usually excellent whereas

outcomes for the latter are typically dismal.

Acknowledgments

This study was supported by the University of Manitoba

Research Grant and the Department of Surgery, Univer-

sity of Manitoba Research Grant. The authors acknowl-

edge the assistance provided by the staff of Departments

of Epidemiology and Cancer Registry, CancerCare Mani-

toba and of Medical Records, CancerCare Manitoba and

Health Sciences Centre.

Conflict of Interest

None declared.

References

1. Canadian Cancer Society’s Steering Committee on Cancer

Statistics. 2012. Pp. 7–60 in Canadian cancer statistics.

2012. Canadian Cancer Society, Toronto, ON.

2. Enewold, L., K. Zhu, E. Ron, A. J. Marrogi, A.

Stojadinovic, G. E. Peoples, et al. 2009. Rising thyroid

cancer incidence in the United States by demographic and

tumor characteristics, 1980–2005. Cancer Epidemiol.

Biomarkers Prev. 18:784–791.

3. Jung, K. W., S. Park, H. J. Kong, Y. J. Won, J. Y. Lee, H.

G. Seo, et al. 2012. Cancer statistics in Korea: incidence,

mortality, survival, and prevalence in 2009. Cancer Res.

Treat. 44:11–24.

4. Grodski, S., T. Brown, S. Sidhu, A. Gill, B. Robinson, D.

Learoyd, et al. 2008. Increasing incidence of thyroid cancer

is due to increased pathologic detection. Surgery 144:

1038–1043.

5. Burgess, J. R., and P. Tucker. 2006. Incidence trends for

papillary thyroid carcinoma and their correlation with

thyroid surgery and thyroid fine-needle aspirate cytology.

Thyroid 16:47–53.

6. Colonna, M., A. V. Guizard, C. Schvartz, M. Velten, N.

Raverdy, F. Molinie, et al. 2007. A time trend analysis of

papillary and follicular cancers as a function of tumor size:

a study of data from six cancer registries in France

(1983–2000). Eur. J. Cancer 43:891–900.

7. Davies, L., and H. G. Welch. 2006. Increasing incidence of

thyroid cancer in the United States, 1973–2002. JAMA

295:2164–2167.

8. Yu, G. P., J. C. Li, D. Branovan, S. McCormick, and S. P.

Schantz. 2010. Thyroid cancer incidence and survival in

the national cancer institute surveillance, epidemiology,

and end results race/ethnicity groups. Thyroid 20:465–

473.

9. Leenhardt, L., P. Grosclaude, and L. Cherie-Challine. 2004.

Increased incidence of thyroid carcinoma in France: a true

epidemic or thyroid nodule management effects? Report

from the French Thyroid Cancer Committee. Thyroid

14:1056–1060.

10. Lubina, A., O. Cohen, M. Barchana, I. Liphshiz, I. Vered,

S. Sadetzki, et al. 2006. Time trends of incidence rates of

thyroid cancer in Israel: what might explain the sharp

increase. Thyroid 16:1033–1040.

11. Reynolds, R. M., J. Weir, D. L. Stockton, D. H. Brewster,

T. C. Sandeep, and M. W. Strachan. 2005. Changing

trends in incidence and mortality of thyroid cancer in

Scotland. Clin. Endocrinol. (Oxf) 62:156–162.

12. Smailyte, G., E. Miseikyte-Kaubriene, and J. Kurtinaitis.

2006. Increasing thyroid cancer incidence in Lithuania in

1978–2003. BMC Cancer 6:284.

13. Fahey, T. J., T. S. Reeve, and L. Delbridge. 1995.

Increasing incidence and changing presentation of thyroid

cancer over a 30-year period. Br. J. Surg. 82:518–520.

14. Liu, S., R. Semenciw, A. M. Ugnat, and Y. Mao. 2001.

Increasing thyroid cancer incidence in Canada, 1970-1996:

time trends and age-period-cohort effects. Br. J. Cancer

85:1335–1339.

15. Howlader, N., A. M. Noone, M. Krapcho, N. Neyman, R.

Aminou, W. Waldron, et al. (eds). SEER Cancer Statistics

Review, 1975-2009 (Vintage 2009 Populations), National

Cancer Institute, Bethesda, MD. Available at http://seer.

cancer.gov/csr/1975_2009_pops09/, based on November

2011 SEER data submission, posted to the SEER web site

(accesses April 2012).

16. Canadian Cancer Society’s Steering Committee on Cancer

Statistics. 2011. Pp. 25–60 in Canadian cancer statistics

2011. Canadian Cancer Society, Toronto, ON.

17. Kent, W. D. T., S. F. Hall, P. A. Isotalo, R. L. Houlden, R.

L. George, and P. A. Groome. 2007. Increased incidence of

differentiated thyroid carcinoma and detection of

subclinical disease. CMAJ 177:1357–1361.

18. Manitoba Bureau of Statistics 2012. Pp. 1–7 in Latest

population estimates. Winnipeg, MB.

19. Statistics Canada: Manitoba population trend. 2012.

Available at http://www.statcan.gc.ca/tables-tableaux/

sum-som/l01/cst01/demo62h-eng.htm (accessed 28 May

2012).

20. Carling, T., S. E. Carty, M. M. Ciarleglio, D. S. Cooper, G.

M. Doherty, L. T. Kim, et al. 2012. American Thyroid

Association Surgical Affairs Committee: American Thyroid

Association design and feasibility of a prospective

randomized controlled trial of prophylactic central lymph

node dissection for papillary thyroid carcinoma. Thyroid

22:237–244.

21. Hedinger, C. 1988. Histological typing of thyroid tumours,

2nd ed. Springer-Verlag, Berlin Heidelberg.

22. Galanti, M. R., L. Hansson, R. Bergstrom, A. Wolk, A.

Hjart�aker, E. Lund, et al. 1997. Diet and the risk of

ª 2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 543

K. A. Pathak et al. The Changing Face of Thyroid Cancer



papillary and follicular thyroid carcinoma: a

population-based case–control study in Sweden and

Norway. Cancer Causes Control 8:205–214.

23. Sont, W. N., J. M. Zielinski, J. P. Ashmore, H. Jiang, D.

Krewski, M. E. Fair, et al. 2001. First analysis of cancer

incidence and occupational radiation exposure based on

the national dose registry of Canada. Am. J. Epidemiol.

153:309–318.

24. Fincham, S. M., A. M. Ugnat, G. B. Hill, N. Kreiger, and

Y. Mao. 2000. Is occupation a risk factor for thyroid

cancer Canadian cancer registries epidemiology research

group. J. Occup. Environ. Med. 42:318–324.

25. Fraker, D. L. 1995. Radiation exposure and other factors

that predispose to human thyroid neoplasia. Surg. Clin.

North Am. 75:365–375.

26. Haselkorn, T., L. Bernstein, S. Preston-Martin, W. Cozen,

and W. J. Mack. 2000. Descriptive epidemiology of thyroid

cancer in Los Angeles County, 1972–1995. Cancer Causes

Control 11:163–170.

27. Han, J. M., W. B. Kim, T. Y. Kim, J. S. Ryu, G. Gong, S.

J. Hong, et al. 2012. Time trend in tumor size and

characteristics of anaplastic thyroid carcinoma. Clin.

Endocrinol. (Oxf) 77:459–464.

28. Busco, S., P. Giorgi Rossi, I. Sperduti, P. Pezzotti, C.

Buzzoni, and F. Pannozzo. 2013. Increased incidence of

thyroid cancer in Latina, Italy: a possible role of

detection of subclinical disease. Cancer Epidemiol.

37:262–269.

29. American Thyroid Association (ATA) Guidelines Taskforce

on Thyroid Nodules and Differentiated Thyroid Cancer,

D. S., Cooper, G. M., DohertyB. R. Haugen, R. T. Kloos,

S. L. Lee, S. J. Mandel, E. L. Mazzaferri, B. McIver, F.

Pacini, M. Schlumberger, S. I. Sherman, D. L. Steward,

and R. M. Tuttle. 2009. Revised American Thyroid

Association management guidelines for patients with

thyroid nodules and differentiated thyroid cancer. Thyroid

19:1167–1214.

544 ª 2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

The Changing Face of Thyroid Cancer K. A. Pathak et al.



Available online at www.sciencedirect.com
* Corresponding au

Avenue, Winnipeg R

fax: þ1 204 7872768

E-mail address: a

http://dx.doi.org/10.10

0748-7983/� 2015 El

ScienceDirect

EJSO 41 (2015) 1028e1032 www.ejso.com
Identifying the most appropriate age threshold for TNM
stage grouping of well-differentiated thyroid cancer

J. Hendrickson-Rebizant, H. Sigvaldason, R.W. Nason, K.A. Pathak*

Section of Surgical Oncology, CancerCare Manitoba, Department of Surgery, University of Manitoba,

Winnipeg R3E 0V9, Canada
Accepted 19 April 2015

Available online 7 May 2015
Abstract
Objective: Age is integrated in most risk stratification systems for well-differentiated thyroid cancer (WDTC). The most appropriate age
threshold for stage grouping of WDTC is debatable. The objective of this study was to evaluate the best age threshold for stage grouping by
comparing multivariable models designed to evaluate the independent impact of various prognostic factors, including age based stage
grouping, on the disease specific survival (DSS) of our population-based cohort.
Methods: Data from population-based thyroid cancer cohort of 2125 consecutive WDTC, diagnosed during 1970e2010, with a median
follow-up of 11.5 years, was used to calculate DSS using the Kaplan Meier method. Multivariable analysis with Cox proportional hazard
model was used to assess independent impact of different prognostic factors on DSS. The Akaike information criterion (AIC), a measure of
statistical model fit, was used to identify the most appropriate age threshold model. Delta AIC, Akaike weight, and evidence ratios were
calculated to compare the relative strength of different models.
Results: The mean age of the patients was 47.3 years. DSS of the cohort was 95.6% and 92.8% at 10 and 20 years respectively. A threshold
of 55 years, with the lowest AIC, was identified as the best model. Akaike weight indicated an 85% chance that this age threshold is the best
among the compared models, and is 16.8 times more likely to be the best model as compared to a threshold of 45 years.
Conclusion: The age threshold of 55 years was found to be the best for TNM stage grouping.
� 2015 Elsevier Ltd. All rights reserved.

Keywords: Thyroid carcinoma; Risk stratification; Prognosis; Survival; Outcome; Staging
Introduction

Well-differentiated thyroid carcinoma (WDTC) arises
from the thyroid follicular epithelial cells and accounts
for over 90% of all thyroid malignancies.1 This group is
comprised of different histologic sub-types, including
papillary, follicular, and H€urthle cell variant of follicular
carcinoma in descending order of incidence and is associ-
ated with an excellent prognosis.2,3

Multitudes of risk stratification staging systems have
been developed over the years for stratifying patients based
on tumor and patient characteristics.4e13 The age at
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diagnosis is universally considered to be a strong prog-
nostic indicator, and has been consistently utilized in
various scoring systems along with gender, the size and
extension of the primary tumor, and the presence of distant
metastases.2,3,14e16 Recently published prognostic nomo-
grams for thyroid cancer showed age to be an important
determinant of risk of death from thyroid cancer.17

Although age has been consistently included as a risk
factor in most of the risk stratification systems, there is a
lack of consensus regarding the appropriate age threshold
to be adopted for stage grouping. The selection of an
appropriate age threshold is critically important, as an inac-
curate value can lead to either over-treatment of low-risk
patients, or under-treatment of high-risk ones. An age
threshold of 45 years is currently used by the AJCC-
TNM system for stage grouping of WDTC.7 Those less
than 45 years of age are considered low risk and staged I

mailto:alok.pathak@cancercare.mb.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejso.2015.04.014&domain=pdf
http://dx.doi.org/10.1016/j.ejso.2015.04.014
www.sciencedirect.com/science/journal/07487983
http://dx.doi.org/10.1016/j.ejso.2015.04.014
http://dx.doi.org/10.1016/j.ejso.2015.04.014
http://www.ejso.com


1029J. Hendrickson-Rebizant et al. / EJSO 41 (2015) 1028e1032
or II, depending on the presence or absence of distant me-
tastases, regardless of tumor size (T) or nodal status (N).
Our recent study to analyze the relationship between age
at diagnosis and disease specific survival (DSS) of
WDTC18 concluded that the DSS was not independently
influenced by age until the age of 55 years, and therefore
55 years was suggested as a more appropriate cut-off for
risk stratification.

The primary objective of this study was to evaluate
whether 55 years is the best age threshold for stage
grouping by comparing multivariable models designed to
evaluate the independent impact of various prognostic fac-
tors, including age based TNM stage grouping, on the DSS
of our population based cohort. The secondary objective
was to compare the appropriateness of this model to other
competing models that were identical in all other prog-
nostic parameters except the stage grouping based on
different age thresholds.

Patients and methods

This study, approved by the Research Ethics Board of
the University of Manitoba, utilized our population based
cohort includes 2125 consecutive WDTC diagnosed in
2115 patients registered in Manitoba Cancer Registry in
Canada, from January 1, 1970 to December 31, 2010. Elec-
tronic and paper charts, including pathology and operative
reports, discharge summaries, and autopsy records, were re-
viewed. Details involving patient demographics, extent of
disease at presentation, treatment, pathology, recurrences
of cancer, and the final outcome status as of January 1,
2014 were recorded. Recurrences were defined as the pres-
ence of clinical and/or radiologic evidence of disease, and
cytologic/pathologic confirmation was obtained for loco-
regional relapse whenever possible. Patients were censored
if they left the province (lost to follow-up) or were
deceased. As staging systems have evolved over time, all
cases were restaged using the TNM criteria of American
Joint Committee on Cancer (AJCC)/Union Internationale
Contre le Cancer (UICC) staging for thyroid cancer (7th
Edition, 2009) to ensure uniformity. All patients were
then sequentially stage grouped into stages I to IV by
AJCC/UICC7 stage grouping criteria but using different
age thresholds between 45 and 65 years (Table 1). In addi-
tion, the topography and histology were recoded using the
Table 1

Stage distribution of patients with WDTC by different age thresholds.a

Age threshold (years) Stage I Stage II Stage III Stage IV

45 67.3% 10.5% 12.2% 10.0%

50 73.0% 8.0% 10.0% 9.0%

55 77.7% 6.4% 7.8% 8.1%

60 82.9% 5.0% 5.7% 6.5%

65 87.4% 3.8% 3.6% 5.1%

a AJCC-TNM staging system 7th edition.
WHO International Classification of Diseases for Oncology
(3rd edition) and the disease, signs and symptoms by Inter-
national Classification of Diseases (10th Edition).

IBM SPSS Statistics version 22.0 (IBM Corp., Armonk,
NY, USA) was utilized to manage and analyze data. AN-
OVA was used to compare group means and the Pearson
c2 test to compare categorical data with continuity correc-
tion as appropriate. Statistical significance was defined as
p< 0.05, and 95% confidence intervals were used to ex-
press reliability of the estimates. After checking for
normality assumption, the mean and standard deviation
were used to express normally distributed data (such as
the age) and the median with interquartile range (IQR)
was used for non-normally distributed data (such as tumor
size and the follow-up). The KaplaneMeier product limit
method was used to estimate the disease free survival
(DFS) and DSS. Multivariable analyses were performed
with Cox proportional hazard models to evaluate the inde-
pendent impact of various prognostic factors on the DSS of
our population based cohort, after confirming the propor-
tional hazard assumption. All these models were similar
in all other prognostic parameters except the stage grouping
that was based on different age thresholds.

Akaike information criterion (AIC) was used to select
the most appropriate age based model for stage grouping
of WDTC. AIC is defined as AIC¼�2LLþ2m, where LL
is the maximized log-likelihood and m is the number of pa-
rameters in the model (degrees of freedom).19,20 Delta AIC
was calculated to compare the models. It is defined as Delta
AIC¼Di¼AICi�minAIC, where AICi is the AIC value
for model i and min AIC is the AIC value of the best
model identified by the lowest AIC.21 Akaike weights
were calculated to provide the relative strength of
evidence for each model. Akaike weight ¼ wi ¼
expð�Di=2Þ=

PR
r¼1expð�Di=2Þ, represents the ratio of delta

AIC values for each model relative to the whole set of R
candidate models.21,22 Akaikeweights (Di) were adjusted
to compare them on a scale of 1 (i.e

P
wi ¼ 1). Evidence

ratios were calculated to compare the Akaike weights of the
best model (wj) with other competing models (wi). This is
calculated as evidence ratio¼wj/wi.

21

Results

Our population cohort of 2115 consecutive WDTC pa-
tients was comprised of 1621 (76.6%) females and 494
(23.4%) males, with a mean age of 47.3 � 17.1 years. In
all, 2125 WDTCs were identified in these patients, with a
synchronous second primary thyroid cancer identified in
nine patients and a metachronous papillary carcinoma of
the contralateral lobe identified in one patient years after
initial management. The overwhelming majority of 1762
(83.3%) patients were diagnosed with papillary carcinoma,
followed by 268 (12.7%) follicular carcinoma, and 85 (4%)
H€urthle cell carcinoma. The median tumour size was
20 mm (IQR ¼ 10e34 mm) and 26.1% of all WDTC



Table 3

Cox proportional hazard model for prognostic factors for WDTC using the

age threshold of 55 years for stage grouping.

Prognostic factor Hazard ratio (95% CI)

Age at the time of diagnosis

(per year)

1.04 (1.02e1.07), p ¼ 0.001

Male versus female (reference) 1.40 (0.86e2.30), p ¼ 0.179

Incomplete vs. complete resection

(reference)

3.32 (1.87e5.92), p < 0.001

Stage II vs. Stage I (reference) 1.95 (0.62e6.15), p ¼ 0.256(NS)

Stage III vs. Stage II (reference) 3.72 (1.69e8.18), p ¼ 0.001

Stage IV vs. Stage III (reference) 8.08 (4.46e14.63), p < 0.001

H€urthle vs. Papillary (reference) 2.31 (1.23e4.34), p ¼ 0.009

Follicular vs. Papillary (reference) 1.75 (0.82e3.74) 0.149 (NS)

Table 4

AIC, delta AIC, Akaike weight, and evidence ratio for various age

thresholds.

Age threshold

(years)

�2LLa AICb Di
c Akaike weightd Evidence ratioe

45 782.0 797.6 5.6 0.05 16.8

50 780.3 796.3 4.4 0.10 8.8

55 776.0 792.0 0 0.85 1

60 791.1 807.1 15.2 4.3 x 10�4 1968.4

65 808.3 824.3 32.4 7.9 x 10�8 10745525.9

a �2 log likelihood.
b AIC¼�2LLþ2m.cDi ¼ AICi � minAIC.
c Di ¼ AICi � minAIC.
d wi ¼ expð�Di=2Þ=

PR
r¼1expð�Di=2Þ.

e
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were �10 mm (microcarcinoma). Gross extra-thyroidal
extension of tumour was reported in 379 (17.9%) patients.
At the time of diagnosis, regional lymph node metastases
were observed in 472 (22.3%) of cases, and distant metas-
tases in 54 (2.6%). The distribution of stage grouping of our
WDTC cohort using different age thresholds is shown in
Table 1.

As of January 1, 2014, 1622 (76.6%) patients were alive
and disease free, 47 (2.2%) patients were living with dis-
ease, and 111(5.2%) were deceased as a result of thyroid
cancer. 107 (5.0%) patients died of a second primary can-
cer, and 228 (10.8%) died of other causes. Thyroid cancers
were incidentally identified during autopsy in 44 (2.1%) pa-
tients, and these were excluded from survival analysis as
they had no treatment or follow-up. The three patients
(0.1%) who had synchronous medullary or poorly differen-
tiated carcinoma were also excluded as these malignancies
were felt to be more aggressive than their papillary carci-
noma. Other exclusions included 42 (2.0%) patients who
died from unrelated causes prior to treatment, 15 (0.7%) pa-
tients considered unsuitable for surgery, 13 (0.6%) patients
who refused thyroidectomy, and 11 (0.5%) patients who
were followed for less than 36 months. Of the remaining
1987 patients, 1079 (54.3%) underwent total or near total
thyroidectomy, and of these 788 (73%) received adjuvant
RAI.

The median follow-up of these patients was 11.5 years
(IQR ¼ 6.2e19.9 years). During this time, post-treatment
residual disease was identified in 112 (5.3%) patients, and
disease recurrence in 154 (7.3%) patients (at least six
months after successful initial treatment). 43 (2.0%) cases
had recurrences in the residual thyroid lobe or thyroid
bed, 66 (3.1%) in the central compartment, 45 (2.1%) in
the lateral compartment, 66 (3.1%) at a distant site, and
15 (0.7%) at multiple sites. DFS was 87.2% (95% CI,
85.7e88.7%) at 10 years and 85.7% (95% CI
83.9e87.3%) at 20 years. DSS was 95.6% (95% CI,
94.6e96.5%) and 92.8% (95% CI, 91.2e94.1%) at 10
and 20 years respectively. Ten and 20 year DSS for
different stages of WDTC grouped using various age
thresholds is summarized in Table 2. All Cox proportional
hazard models for independent influence of various prog-
nostic factors using different ageethreshold based stage
grouping had 8 degrees of freedom. The multivariable
model for the age threshold of 55 years is shown in Table 3.
Table 2

Disease specific survival of WDTC using different age thresholds for stage grou

Age threshold (years) Stage I Stage II

10yr 20yr 10yr

45 99.3% 98.7% 98.6%

50 99.3% 98.5% 96.7%

55 99.2% 98.4% 95.8%

60 98.8% 97.3% 93.7%

65 98.6% 96.8% 84.0%
AIC, Delta AIC, Akaike weights, and evidence ratios
were calculated for different Cox proportional hazard
models (Table 4). The model applying the age of 55 years
for stage grouping showed the lowest AIC (792.0), as seen
in Fig. 1. The Akaike weight for this model was the highest
at 0.85, with the next closest being 0.10 for the age
threshold of 50 years. An evidence ratio for the model
based on 55 years age-threshold was 16.8 as compared to
that based on 45 years age-threshold (Table 4).
Discussion

Age has been shown to be an important determinant of
prognosis of WDTC, and various age cut offs between 40
and 60 years have been employed historically in various
ping.

Stage III Stage IV

20yr 10yr 20yr 10yr 20yr

94.9% 94.8% 86.9% 61.4% 41.5%

91.7% 93.4% 84.3% 59.9% 38.6%

89.7% 91.5% 79.3% 54.2% 32.6%

87.9% 90.7% 79.7% 49.1% 26.7%

72.4% 85.2% 77.9% 44.8% 24.6%

Evidence ratio¼wj/wi.



Figure 1. AIC values of different Cox proportional hazard models using

different age thresholds. Age threshold of 55 years shows the lowest

AIC value.
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risk stratification systems.4e13 More recent studies have
used the Surveillance, Epidemiology, and End Results
(SEER) database to assess the impact of age on survival
in thyroid cancer.16,23,24 Although these studies emphasize
the importance of age as a prognostic factor in WDTC,
there is a lack of unanimity on the right age threshold, if
any, for predicting oncological outcome. Konturek at al
showed increased relative risk of death from thyroid cancer
only for age above 60 years.25 A study by Mazurat et al
showed that age didn’t negatively influence the DSS till
the age of 55, and therefore 55 years was suggested to be
a more appropriate threshold for TNM stage grouping.18

Larger databases such as the SEER database are robust,
but they have the inherent limitations in terms of coverage,
coding reliability, patient migration to an area that is not
covered by SEER and availability of limited information
on the treatment details of the patients.17 In the present
study we found 55 years to be the most appropriate age
threshold in our population based thyroid cancer cohort
by utilizing a statistical model fit measure, the Akaike in-
formation criterion (AIC) (Table 4 and Fig. 1).

AIC, developed in the early 1970s on solid statistical
principles, based on information theory, provides an objec-
tive means for choosing between competing models.19e22 It
measures the relative quality of a statistical model for a
given data set. In our study, the competing models were
identical in all other prognostic parameters except the stage
grouping that was derived for various age thresholds be-
tween 45 and 65 years. The lowest value of AIC indicates
the preferred model, which in this case was for the age
threshold of 55 years (AIC ¼ 792.0).

The AIC value on its own can be misinterpreted, as there
is no value of significance and it is only as good as the data
used to generate it.22 However, AIC values can be trans-
formed to conditional probabilities, Akaike weights, which
makes the results easier to interpret. First, Delta AIC (Di)
was calculated, which is a measure of each model relative
to the best model.21 In general, a value of Di<2 suggests
substantial evidence for the model, values between 3 and
7 indicate the model has considerably less support, whereas
Di>10 indicates that the model is very unlikely. In our
study, all the alternative models to using the age threshold
of 55 years had Di between 3 and 7 or >10 suggesting a low
to extremely low likelihood of these alternative models be-
ing valid. Delta AIC (Di) values were used to calculate
Akaike weights (wi) to indicate the probability of a partic-
ular model being the best among a set of candidate models.
In our data set, the age threshold of 55 years has wi of 0.85,
which means that it has an 85% chance of being the best
model. This far exceeds the weights of the other models
(Table 4). Evidence ratio is a measure of the extent to
which it is better than other models. In our study, the age
threshold of 55 is 16.8 times more likely to be the best
threshold than 45 years.

Currently, the widely adopted TNM-AJCC staging sys-
tem uses an age threshold of 45 years for stage grouping,
independent of other prognostic parameters. Those less
than 45 years of age are staged as stage I or II, regardless
of primary tumor extension (T) or nodal involvement (N).
Concerns have been raised about under staging young pa-
tients with metastatic thyroid cancer.16 By adopting an
age cut-off of 55 years, as our study recommends, a greater
proportion of patients would be stratified as low-risk, corre-
lating with a more favorable DSS and thus potentially avoid
over-treatment. Using the current age cut-off of 45 years,
67.3% of our population cohort had Stage I disease, with
99.2% 10-year DSS. In contrast, employing a threshold of
55 years results in 77.7% of patients being in Stage I,
with a 99.2% 10-year DSS. As treatment choices have
been guided by the risk stratification based on the currently
practiced disease staging system, up to 10% of our cohort
may have received overtreatment (more aggressive surgery
with or without adjuvant radioactive iodine). Increasing the
age threshold results in down staging, with a greater num-
ber of patients seen in stages I and II, and fewer patients in
stages III and IV (Table 1). This also influences 10 and 20
year DSS (Table 2). The difference in 20-year DSS between
stages I and II using 55 years age threshold was 8.7%, II
and III was 10.4% and III and IV was 46.7%, which offers
better stage discrimination than other age cut offs studied
(Table 2). For the threshold age between 45 and 60 years,
the 10 and 20 year DSS decreases with stage progression,
as expected, however, employing a threshold of 65 years
would result in incongruously better DSS for Stage III
than stage II. This is because of the down staging of all
metastatic WDTC from stage IV to stage II in patients
younger than 65 years.

This cohort of WDTC was followed over a span of four
decades. This proves to be both a strength and limitation, as
the staging has evolved over time. To ensure consistency,
all cancers were uniformly restaged using the 2009
UICC/AJCC staging system. As well, treatment recommen-
dations have changed over this time frame with total
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thyroidectomy and adjuvant RAI becoming more frequent
over time. However, these were not shown to significantly
influence DSS in our previous study.24

In conclusion, our study found the age of 55 years to be
the most appropriate threshold for TNM stage grouping of
WDTC. Larger multicenter studies would be beneficial to
further evaluate the appropriateness of an age threshold
of 55 years for stage grouping of WDTC.
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Abstract
Well-differentiated thyroid carcinoma (WDTC) represents a group of thyroid cancers with

excellent prognosis. Age, a well-recognized risk factor for WDTC, has been consistently

included in various prognostic scoring systems. An age threshold of 45 years is currently used

by the American Joint Cancer Committee-TNM staging system for the risk stratification of

patients. This study analyzes the relationship between the patients’ age at diagnosis and

thyroid cancer-specific survival in a population-based thyroid cancer cohort of 2115

consecutive patients with WDTC, diagnosed during 1970–2010, and evaluates the

appropriateness of the currently used age threshold. Oncological outcomes of patients in

terms of disease-specific survival (DSS) and disease-free survival (DFS) were calculated by the

Kaplan–Meier method, while multivariable analysis was done by the Cox proportional

hazard model and proportional hazards regression for sub-distribution of competing risks to

assess the independent influence of various prognostic factors. Themean age of the patients

was 47.3 years, 76.6% were female and 83.3% had papillary carcinoma. The median follow-

up of the cohort was 122.4 months. The DSS and DFS were 95.4 and 92.8% at 10 years and

90.1 and 87.6% at 20 years, respectively. Multivariable analyses confirmed patient’s age to be

an independent risk factor adversely affecting the DSS but not the DFS. Distant metastasis,

incomplete surgical resection, T3/T4 stages, Hürthle cell histology, and male gender were

other independent prognostic determinants. The DSS was not independently influenced by

age until the age of 55 years. An age threshold of 55 years is better than that of 45 years for

risk stratification.
Key Words

" risk stratification

" thyroid carcinoma

" prognosis
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Introduction
Well-differentiated thyroid carcinoma (WDTC) represents

a group of thyroid cancers that are associated with

increasing incidence and excellent posttreatment out-

come (1). This group comprises different histological
types, the most common being papillary carcinoma,

followed by follicular carcinoma, and Hürthle cell variant

of follicular carcinoma (2). Despite the high cure rates of

WDTC, about 10% of the patients still die of this disease
sed under a Creative Commons
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and an even larger proportion will develop loco-regional

recurrence (2, 3, 4). Identification of factors associated

with aggressive behavior in WDTC has been extensively

pursued over the past four decades, yielding a multitude of

risk stratification systems, which aim to differentiate high-

risk and low-risk patients on the basis of the tumor and

patient characteristics. Several factors have been associ-

ated with aggressive behavior in WDTC, including the age

at diagnosis, the gender of the patient, the size and

extension of the primary tumor, and the presence of

distant metastases (1, 2, 3, 4, 5).

The age at diagnosis, in particular, is considered to

be a strong prognostic indicator of WDTC outcome and

has been consistently included in the majority of risk

stratification systems currently used in clinical practice

(6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16). Interestingly, the

widely adopted American Joint Cancer Committee

(AJCC)-TNM staging system (10) includes age as a

prognostic determinant exclusively for WDTC, classifying

patients younger than 45 as low risk, independent of the

presence of other risk factors such as primary tumor

extension (T) or nodal involvement (N). Other risk

stratification systems such as AMES (9), Noguchi et al.

(11), GAMES (15), National Thyroid Cancer Treatment

Cooperative Study (NTCTCS) (12), UAB and MDA (8), and

CIH (13) follow the scheme of TNM adopting an age

threshold ranging from 41 to 51 years, to stratify the

patients in high- and low-risk groups. A different set of

prognostic scoring systems, namely EORTC (7), AGES (14),

MACIS (16), SAG (6), Murcia (17), and Ankara (18), on

the other hand, considers age as a continuous variable

that affects the total prognostic score in a multiplicative

fashion without any stratification.

Several studies have shown that the relationship

between the age at diagnosis and the disease-specific

survival (DSS) of WDTC is inversely proportional and is

better represented by an exponential function, suggesting

that age should preferably be considered as a continuous

prognostic variable, rather than a categorical parameter

(5, 19). The rationale for including an age threshold in

many risk stratification systems is the need for a standard,

simple, and practical method to predict oncological

outcome rather than generating complicated prognostic

scores. However, the selection of an appropriate age

threshold is critical to this process and an inaccurate

value can lead to either overtreatment of low-risk patients,

or under-treatment of high-risk ones. The objective of

this study was to analyze the relationship between the

age at diagnosis and the oncological outcome of WDTC.
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Subjects and methods

This study was approved by the Research Ethics Board

of the University of Manitoba. Our population-based

historical cohort includes all 2125 consecutive well-

differentiated thyroid cancers diagnosed in 2115 patients

in the province of Manitoba, Canada, from January 1,

1970 to December 31, 2010. We reviewed the individual

electronic and paper records of diagnosis and treatment for

this cohort of patient registered in the Manitoba Cancer

Registry at CancerCare Manitoba, the only comprehensive

cancer center for a population of 1.2 million. The primary

source of diagnostic information included 2007 pathology

reports, 56 discharge summaries, 44 autopsy records, and

eight operative reports. Patient demographics, the extent

of their cancer at the initial presentation, the details of

treatment modalities employed, pathology details, cancer

recurrences during the follow-up, and the final outcome

status as of January 1, 2013 were recorded. Clinically and

radiologically detectable disease relapses were considered

as recurrences and a cytology/biopsy confirmation was

obtained for local/regional relapses whenever it was

possible. For distant metastases, increased radioactive

iodine (RAI) uptake with or without raised thyroglobulin

was considered as evidence of recurrence. All patients

who migrated out of the province (considered to be lost to

follow-up) or died during the study period were censored

at that point in time. Cause of death was obtained from

autopsy records and death certificates, and individual

patient records were reviewed to confirm exact cause of

death and status of thyroid cancer at the time of death.

All cases were restaged according to the AJCC/Union

Internationale Contre le Cancer (UICC) staging for

thyroid cancer (7th Edition, 2009); the topography and

the histology were re-coded by WHO International

Classification of Diseases for Oncology (3rd Edition)

codes and the disease, signs, and symptoms by Inter-

national Classification of Diseases (10th Edition) codes to

ensure uniformity. Additionally, as a part of our colla-

borative staging project, the pathology and treatment

details of 683 (29.6%) cases were independently reviewed

for accuracy.
Statistical analysis

The data were managed and analyzed using SPSS for

Windows version 20.0 (SPSS, IBM Corp., Armonk, NY,

USA). Group means were compared by ANOVA and

categorical data using the Pearson c2 test with continuity

correction, as appropriate. A P value !0.05 was considered
This work is licensed under a Creative Commons
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to indicate statistical significance and 95% CIs were used

to express reliability in the estimates. After checking for

normality assumption, the mean and S.D. were used to

express normally distributed data (such as the age of the

patients) and median with interquartile range (IQR) were

used for non-normally distributed data (such as the tumor

size and the follow-up). The disease-free survival (DFS) and

the DSS were estimated by the Kaplan–Meier product limit

method, and the effect of age and other prognostic factors

on DSS was assessed using the log rank test for pairwise

comparison. The competing influence of other causes

of mortality, such as death due to a second primary tumor

or non-cancer deaths, was analyzed by multivariable

proportional hazards regression for sub-distribution of

competing risks using STATA version 12 (StataCorp.,

College Station, TX, USA). Multivariable analyses were

also performed with Cox proportional hazard models to

assess the independent effect of different age cutoffs on

DSS after confirming the proportional hazard assumption.
Results

The study cohort consisted of 1621 (76.6%) females and

494 (23.4%) males with a mean age of 47.3G17.1 years.

In all, 1762 (83.3%) patients had papillary carcinoma,

268 (12.7%) had follicular carcinoma, and 85 (4%) had

Hürthle cell carcinoma. Nine patients had a synchronous

second primary tumor of a different histology along

with a papillary thyroid cancer (follicular-3, Hürthle

cell-3, medullary-2, poorly differentiated-1), while one

patient had a metachronous second papillary carcinoma

in the contralateral thyroid lobe, 25 years after initial

management. The median tumor size was 20 mm

(IQRZ10–34 mm) and microcarcinoma (tumor size

%10 mm) represented 26.1% of all WDTC. Multifocal

thyroid cancers were observed in 600 (32.7%) cases and a

gross extra-thyroidal extension of tumor in 379 (17.9%)

cases. At the time of diagnosis, 472 (22.3%) patients had

regional lymph node involvement and 54 (2.6%) had

distant metastasis. On January 1, 2013, 1658 (78.5%)

patients had no evidence of disease; 49 (2.3%) patients

were alive with disease; 105 (5.0%) patients were dead

because of thyroid cancer; 78 (3.7%) patients had died of

a second primary tumor; and 225 (10.6%) patients died

of other causes. Thyroid cancers, which were incidental

autopsy findings in 44 (2.1%) patients, were excluded

from survival analysis as they had no treatment or

follow-up. Three (0.1%) patients who had a synchronous

medullary or poorly differentiated carcinoma were

excluded from further analysis as these synchronous
http://www.endocrineconnections.org
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malignancies were thought to be more aggressive than

their papillary thyroid cancer. Exclusions also included

42 (2.0%) patients, who died before their treatment due

to unrelated causes; 15 (0.7%) patients, who were not

considered as suitable surgical candidates; 13 patients

(0.6%), who did not consent to thyroidectomy; and

11 (0.5%) patients, who were followed for !36 months.

A total or near total thyroidectomy was performed in

1079 (54.3%) of the remaining 1987 patients, and of

these patients, 788 (73%) had post-total thyroidectomy

adjuvant RAI.

During the median follow-up of 124.6 months

(IQRZ57.8–227.3 months), 78 (3.9%) patients had post-

treatment residual disease and 185 (9.3%) had disease

recurrence at least 6 months after a successful initial

treatment. The recurrences were observed in the residual

thyroid lobe or thyroid bed in 24 (1.2%) cases, in the central

compartment of the neck in 59 (2.9%) cases, in the lateral

compartment of the neck in 40 (2.0%) cases, at a distant site

in 47 (2.4%) cases, and at multiple sites in 15 (0.8%) cases.

Ten- and 20-year DFS were 90.1% (95% CI, 88.5–91.4%)

and 87.6% (95% CI, 85.6–89.3%), respectively. On multi-

variable analysis by the Cox proportional hazard model,

DFS was significantly influenced by distant metastasis

(hazard ratio (HR)Z7.40; 95% CI, 4.54–12.07; P!0.001),

incomplete surgical resection (HRZ6.18; 95% CI, 4.02–

9.49,P!0.001), T stages – T4 (HRZ2.87; 95% CI, 1.80–4.58,

P!0.001) and T3 (HRZ2.41; 95% CI, 1.72–3.37, P!0.001),

Hürthle cell histology (HRZ2.34; 95% CI, 1.41–3.89;

PZ0.001), lymph node involvement (HRZ2.14; 95% CI,

1.57–2.91; P!0.001), and male gender (HRZ1.49; 95% CI,

1.11–2.00; PZ0.008). The DFS was independent of the

histology of follicular carcinoma (PZ0.712, NS), extent

of thyroidectomy (PZ0.136, NS), and age of the patient

at diagnosis (PZ0.846, NS). Age had a non-monotonic

relationship with the relapse of thyroid cancer.

The DSS was 95.4% (95% CI, 94.2–96.3%) at 10 years

and 92.8% (95% CI, 91.2–94.2%) at 20 years. Twenty-year

DSS was 99.0% (95% CI, 97.9–99.6%) for patients !45

years, 96.8% (95% CI, 93.1–98.5%) for patients in the age

group of 45–54 years, 85.8% (95% CI, 78.7–90.7%) for

patients in the age group of 55–64 years, and 74.0% (95%

CI, 70.0–79.8%) for patients older than 65 years. Figure 1

shows no significant difference in the DSS in different age

groups till the age of 55 years, when the first significant

drop (PZ0.002) was observed by log rank test for pairwise

comparison. The case fatality rate of thyroid cancer also

increased to 6.7% in the age group of 55–64 years from

2.2% in the age group of 45–54 years and thereafter it

increased steadily with increasing age (Table 1).
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Figure 1
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Cumulative incidences of death due to thyroid cancer

at 10 and 20 years by multivariable competing risk

analysis were 0.3 and 0.9% (age group !45 years), 0.7

and 1.8% (age group 45–54 years), 1.4 and 3.3% (age group

55–64 years), and 3.0 and 6.7% (age group O65 years),

respectively (Fig. 2). There was an insignificant difference

in the risks of dying from thyroid cancer between the age

groups !45 and 45–54 years but the risk was significantly

higher in the age groups 55–64 and O65 years. The risk of

death from thyroid cancer was significantly influenced

independently by the presence of distant metastasis

(sub-hazard ratio (SHR)Z12.65; 95% CI, 5.66–28.28;

P!0.001), patient’s age, i.e., 55–64 years (SHRZ4.08;
Table 1 Distribution of various prognostic factors and deaths fr

thyroid carcinoma.

Age (years) Males (%)

T3/T4

tumor (%) HCTC (%)

00–19 (nZ84) 16.7 34.6 2.4
20–29 (nZ268) 19.0 21.5 0
30–39 (nZ413) 19.6 25.1 2.4
40–44 (nZ202) 21.3 19.7 4.5
45–49 (nZ212) 20.3 19.0 2.8
50–54 (nZ192) 22.9 23.6 5.7
55–59 (nZ193) 30.6 33.1 5.7
60–64 (nZ179) 30.7 34.0 6.1
65–69 (nZ133) 28.6 35.2 4.5
70–74 (nZ98) 32.7 32.5 6.1
75–79 (nZ73) 24.7 41.7 9.6
80–89 (nZ68) 23.5 53.8 8.8
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95% CI, 1.52–10.92, PZ0.005) or O65 years (SHRZ5.72;

95% CI, 2.70–12.10, P!0.001), incomplete surgical

resection (SHRZ3.14; 95% CI, 1.52–6.47, PZ0.002),

T3/T4 stages (SHRZ3.28; 95% CI, 1.74–6.17, P!0.001),

Hürthle cell histology (SHRZ4.67; 95% CI, 2.34–9.31;

P!0.001), and male gender (SHRZ2.08; 95% CI, 1.22–

3.40; PZ0.011). Patient’s age, i.e., 45–54 years (PZ0.154),

histology of follicular carcinoma (PZ0.204, NS), regional

node involvement (PZ0.07, NS), extent of thyroidectomy

(PZ0.136, NS), and adjuvant RAI (PZ0.597) did not have

any independent significant influence on the risk of death

from thyroid cancer.

On multivariable analysis by the Cox proportional

hazard model, the DSS was adversely influenced indepen-

dently by age at diagnosis, distant metastasis, incomplete

surgical resection, advanced T stage (T3/T4), Hürthle cell

histology, and male gender (Table 2). The distribution of

these prognostic factors in different age groups is sum-

marized in Table 1. Lymph node involvement (PZ0.07),

histology of follicular carcinoma (PZ0.110, NS), multi-

focality (PZ0.956), extent of thyroidectomy (PZ0.136),

and adjuvant RAI (PZ0.478) did not have a significant

impact on the DSS of WDTC. There was an insignificant

difference between the DSS of patients younger than 45

years and those in the age group of 45–54 years (PZ0.141),

but patients in the age group of 55–64 years had

significantly higher risk of dying from thyroid cancer

than those in the age group of 45–54 years (Table 2). On

subset analysis of patients younger than 55 years and those

55 years and older, the advancing age was not an

independent prognostic determinant of DSS in patients

below 55 years (HRZ1.03; 95% CI, 0.98–1.12; PZ0.103);

however, it had a significant impact on patients older than

55 years (HRZ1.03; 95% CI, 1.01–1.09; PZ0.01).
om thyroid cancer in different age groups. HCTC, Hürthle cell

Distant

metastasis (%)

Incomplete

resection (%)

Case

fatality rate

0 0 0 (0%)
0.7 2.4 1 (0.4%)
0.7 1.0 4 (1.0%)
1.5 1.6 4 (2.0%)
1.9 2.5 6 (2.8%)
0 1.7 3 (1.6%)
1.6 3.0 13 (6.7%)
4.5 5.1 12 (6.7%)
5.3 4.6 16 (12.0%)
8.2 8.4 15 (15.3%)
5.5 10.3 11 (15.1%)

17.6 14.0 20 (29.4%)
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Discussion

According to Canadian Cancer Statistics 2013, thyroid

cancer has an excellent 5-year relative survival ratio of 98%

(20). The relatively low proportion of adverse events and

the long-term follow-up required to assess the outcomes

of WDTC make a randomized clinical trial impractical to

study these cancers. A large population-based cohort, such

as ours, that is followed over a prolonged time period with

a very low attrition rates (only 2.1% lost to follow-up over

40 years) is the most practical model to study these cancers.

A cohort is a population group, or subset thereof, that is

followed over a period of time. The members of the cohort,

based on defined criteria, share common experience,
Table 2 Multivariable analysis by Cox proportion

different prognostic factors on disease-specific surviv

Prognostic factor

Age at the time of diagnosis (years)
!45
45–54
55–64
R65
Gender (male vs female)
T stage (early (T1–T2) vs advanced (T3–T4))
Distant metastasis (M1 vs M0)
Lymph node metastasis (N1 vs N0)
Completeness of reaction (incomplete vs
complete)

Histology
Papillary
Hürthle
Follicular
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which in this study was diagnosis of thyroid cancer in

the province of Manitoba. By virtue of residence in the

same province, our study cohort was expected to share a

similar risk of exposure and get a similar standard of

medical care in the publicly funded health care system of

the province. The stability of the population cohort and a

long, meticulous follow-up make the observations of this

study very reliable.

A time span of four decades is both a strength and a

limitation of our study as the diagnostic criteria, staging,

and treatment recommendations have evolved over time.

We uniformly restaged all cancers using the 2009

AJCC/UICC Cancer staging system for thyroid cancer and

histology was re-coded by WHO International Classification

of Diseases for Oncology (3rd Edition) codes to ensure

consistency. In view of the indolent course of WDTC, it is

possible that other causes of mortality, unrelated to thyroid

cancer, could result in overestimation of thyroid cancer

deaths by the Kaplan–Meier method. Consequently, we

used competing risk regression to obtain an unbiased

estimation of cumulative incidence of deaths resulting

from thyroid cancer. Deaths due to second primary cancer

and non-cancer deaths were treated as competing risks. We

realize that the treatment recommendations for WDTC

have also changed over the last four decades with total

thyroidectomy and adjuvant RAI becoming more popular in

the later part of the study (21), but neither had any

significant influence on the DSS (Table 2). To maintain

homogeneity of data across the study period, only clinically

and radiologically detectable disease relapses were

considered as recurrences. Isolated hyper-thyroglobulin-

aemia was not considered as evidence of recurrence.
al hazard model for independent influence of

al.

Hazard ratio (95% CI) P value

1.00 (reference)
2.29 (0.76–6.89) 0.141 (NS)
5.62 (2.19–14.39) !0.001

13.67 (5.78–35.38) !0.001
2.13 (1.23–3.75) 0.007
3.39 (1.79–6.43) !0.001

13.27 (6.47–27.21) !0.001
1.79 (0.96–3.33) 0.070 (NS)
3.31 (1.70–6.43) !0.001

1.00 (reference)
4.40 (2.13–9.12) 0.001
1.79 (0.88–3.68) 0.110 (NS)
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Well-differentiated thyroid cancers, papillary, folli-

cular, and Hürthle cell variants, account for over 90%

of all thyroid malignancies (22, 23). Our analysis of all

consecutive WDTC seen between 1970 and 2010

confirmed the excellent prognosis of WDTC with a DSS of

95.4% (95% CI, 94.2–96.3%) at 10 years. WDTC represents

a group of unique cancers with the age of the patient at

diagnosis being an important determinant of prognosis

(Table 2). Although age has been consistently included as a

risk factor in most of the risk stratification systems

for WDTC, many of these (including the widely adopted

TNM-AJCC) use age as a discrete categorical parameter for

the ease of clinical staging. Nevertheless, there is a lack

of consensus among the staging systems regarding the

age threshold to be adopted. The AMES risk stratification

system (9) recommends different age thresholds of 41 and

51 years for male and female patients, respectively, whereas

Noguchi et al. (11), UAB and MDA (8), and CIH (13) risk

stratification systems adopt an age threshold of 50 years.

The TNM-AJCC staging system (10), along with the

Memorial Sloan Kettering (15), and the NTCTCS (12)

prognostic risk stratification systems use an age threshold

of 45 years for WDTC patients independent of other

prognostic parameters. Most of these recommendations

are based on univariable analysis. In our study, the DSS for

different age groups did not show a statistically significant

decrease until the age of 55 years, when the first significant

drop was observed (Fig. 1). This drop corresponds to an

increase in the proportion of patients dying from thyroid

cancer from 2.2 (45–54 years) to 6.7% (55–64 years) and an

increase in the proportion of patients with T3/T4 tumors,

Hürthle cell histology, incomplete resection, and distant

metastasis (Table 1). We divided our study group into small

age groups to find the most appropriate age threshold

between 45 and 65 years. Even though the groups appear

tiny, each group has close to 200 patients as the mean age of

the cohort was 47.3 years. Once we arrived at the threshold

of 55 years, we divided the cohort into bigger categories

for multivariable comparison (Table 2 and Fig. 2).

Multivariable analysis by the Cox proportional HR model

and the competing risk analysis confirmed that the

importance of age as an independent risk determinant

becomes evident only after the age of 55 years (Fig. 2 and

Table 2) and the subset analysis of patients above and below

55 years showed that the age was not an independent

prognostic factor in patients below 55 years (PZ0.103).

Age had a non-monotonic relationship with DFS and

did not have an independent impact, which suggests that

the recurrences in patients younger than 55 years

are better salvaged. The currently practiced cutoff age of
http://www.endocrineconnections.org
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45 years in TNM staging allocates patients between 45

and 55 years into a high-risk group and these patients may

end up receiving unnecessary aggressive treatment even

in the absence of other adverse prognostic factors such

as distant metastasis, incomplete tumor resection, T3/T4

primary tumors, and Hürthle cell histology. However, it is

interesting to see (Fig. 1) that the DSS of thyroid cancer

continues to fall with a 3% reduction/year increase in age

even beyond 55 years in the patients older than 55 years.

A prognostic nomogram (24) incorporating the age and

other prognostic factors may be a better tool to account

for the variable influence of age in predicting the

oncological outcome of thyroid cancer.

To conclude, our study confirms that patient age at the

time of diagnosis is an independent risk factor with adverse

impact on DSS of WDTC. The independent influence of age

is not obvious till the age of 55 years. After the threshold

age of 55 years, the DSS was found to fall in the older

patients. An age threshold of 55 years is better than the

threshold of 45 years currently used in the TNM staging.
Declaration of interest

The authors declare that there is no conflict of interest that could be

perceived as prejudicing the impartiality of the research reported.
Funding

This study was supported by the University of Manitoba Research Grant

2009 and the Department of Surgery, University of Manitoba Research

Grant 2010.
Author contribution statement

K A Pathak and R W Nason involved in study concept and design.

A Mazurat, A Torroni, J Hendrickson-Rebizant, H Benning, R W Nason, and

K A Pathak involved in data collection and analysis. A Mazurat, A Torroni,

and K A Pathak involved in manuscript preparation. All authors reviewed

the manuscript.
Acknowledgements

The authors acknowledge the assistance provided by staff of Department

of Epidemiology and Medical Records (CancerCare Manitoba and Health

Sciences Centre) and Manitoba Cancer Registry.
References

1 Nixon IJ, Ganly I, Patel S, Palmer FL, Whitcher MM, Tuttle RM, Shaha AR

& Shah JP. The impact of microscopic extra-thyroid extension on

outcome in patients with clinical T1 and T2 well-differentiated thyroid

cancer. Surgery 2011 150 1242–1249. (doi:10.1016/j.surg.2011.09.007)

2 Lang BH, Lo CY, Chan WF, Lam KY & Wan KY. Staging system for

papillary carcinoma. A review and comparison. Annals of Surgery 2007

245 366–378. (doi:10.1097/01.sla.0000250445.92336.2a)
This work is licensed under a Creative Commons
Attribution 3.0 Unported License.

http://dx.doi.org/10.1016/j.surg.2011.09.007
http://dx.doi.org/10.1097/01.sla.0000250445.92336.2a
http://www.endocrineconnections.org
http://dx.doi.org/10.1530/EC-13-0056
http://creativecommons.org/licenses/by/3.0/deed.en_GB
http://creativecommons.org/licenses/by/3.0/deed.en_GB


E
n
d
o
cr
in
e
C
o
n
n
e
ct
io
n
s

Research A Mazurat et al. The age factor in survival of
thyroid cancer

7–7 2 :160
3 Eustatia-Rutten CF, Corssmit EP, Biermasz NR, Pereira AM, Romijn JA &

Smit JW. Survival and death causes in differentiated thyroid carcinoma.

Journal of Clinical Endocrinology and Metabolism 2006 91 313–319.

(doi:10.1210/jc.2005-1322)

4 Sherman SI. Thyroid carcinoma. Lancet 2003 361 501–511.

(doi:10.1016/S0140-6736(03)12488-9)

5 Tran Cao HS, Johnston LE, Chang DC & Bouvet M. A critical analysis

of the American Joint Committee on Cancer (AJCC) staging system

for differentiated thyroid carcinoma in young patients on the basis

of the Surveillance, Epidemiology, and End Results (SEER) registry.

Surgery 2012 152 145–151. (doi:10.1016/j.surg.2012.02.015)

6 Akslen LA. Prognostic importance of histologic grading in papillary

thyroid carcinoma. Cancer 1993 72 2680–2685. (doi:10.1002/1097-

0142(19931101)72:9!2680::AID-CNCR2820720926O3.0.CO;2-D)

7 Byar DP, Green SB, Dor P, Williams ED, Colon J, van Gilse HA, Mayer M,

Sylvester RJ & van Glabbeke M. A prognostic index for thyroid

carcinoma. A study of the E.O.R.T.C. Thyroid Cancer Cooperative

Group. European Journal of Cancer 1979 15 1033–1041. (doi:10.1016/

0014-2964(79)90291-3)

8 Beenken S, Roye D, Weiss H, Sellers M, Urist M, Diethelm A &

Goepfert H. Extent of surgery for intermediate-risk well-differentiated

thyroid cancer. American Journal of Surgery 2000 179 51–56.

(doi:10.1016/S0002-9610(99)00254-8)

9 Cady B & Rossi R. An expanded view of risk-group definition in

differentiated thyroid carcinoma. Surgery 1988 104 947–953.

10 Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A, eds 2010

AJCC Cancer Staging Handbook, 7th edn, pp 87–96. New York, NY, USA:

Springer-Verlag.

11 Noguchi S, Murakami N & Kawamoto H. Classification of papillary

cancer of the thyroid based on prognosis. World Journal of Surgery 1994

18 552–558. (doi:10.1007/BF00353763)

12 Sherman SI, Brierley JD, Sperling M, Ain KB, Bigos ST, Cooper DS,

Haugen BR, Ho M, Klein I, Ladenson PW et al. Prospective multicenter

study of thyroid carcinoma treatment: initial analysis of staging and

outcome. Cancer 1998 83 1012–1021. (doi:10.1002/(SICI)1097-

0142(19980901)83:5!1012::AID-CNCR28O3.0.CO;2-9)

13 Sugitani I, Kasai N, Fujimoto Y & Yanagisawa A. A novel classification

system for patients with PTC: addition of the new variables of large

(3 cm or greater) nodal metastases and reclassification during the

follow-up period. Surgery 2004 135 139–148. (doi:10.1016/S0039-

6060(03)00384-2)
http://www.endocrineconnections.org
DOI: 10.1530/EC-13-0056

� 2013 The authors
Published by Bioscientifica Ltd
14 Hay ID, Grant CS, Taylor WF & McConahey WM. Ipsilateral lobectomy

versus bilateral lobar resection in papillary thyroid carcinoma: a

retrospective analysis of surgical outcome using a novel prognostic

scoring system. Surgery 1987 102 1088–1095.

15 Shaha AR, Loree TR & Shah JP. Intermediate-risk group for

differentiated carcinoma of the thyroid. Surgery 1994 116 1036–1041.

16 Hay ID, Bergstralh EJ, Goellner JR, Ebersold JR & Grant CS. Predicting

outcome in papillary thyroid carcinoma: development of a reliable

prognostic scoring system in a cohort of 1779 patients surgically treated

at one institution during 1940 through 1989. Surgery 1993 114

1050–1058.

17 Sebastian SO, Gonzalez JM, Paricio PP, Perez JS, Flores DP, Madrona AP,

Romero PR & Tebar FJ. Papillary thyroid carcinoma: prognostic index

for survival including the histological variety. Archives of Surgery 2000

135 272–277. (doi:10.1001/archsurg.135.3.272)

18 Yildirim E. A model for predicting outcomes in patients with

differentiated thyroid cancer and model performance in comparison

with other classification systems. Journal of the American College of

Surgeons 2005 200 378–392. (doi:10.1016/j.jamcollsurg.2004.10.031)

19 Gilliland FD, Hunt WC, Morris DM & Key CR. Prognostic factors for

thyroid carcinoma. A population-based study of 15,698 cases from

the Surveillance, Epidemiology and End Results (SEER) program

1973–1991. Cancer 1997 79 564–573. (doi:10.1002/(SICI)1097-0142

(19970201)79:3!564::AID-CNCR20O3.0.CO;2-0)

20 Canadian Cancer Society’s Advisory Committee on Cancer Statistics

2013 Canadian Cancer Statistics 2013, pp 56–60. Toronto, ON, Canada:

Canadian Cancer Society.

21 Pathak KA, Leslie WD, Klonisch TC & Nason RW. The changing face of

thyroid cancer in a population based cohort. Cancer Medicine 2013 2

537–544. (doi:10.1002/cam4.103)

22 Clark OH. Predictors of thyroid tumor aggressiveness. Western Journal of

Medicine 1996 165 131–138.

23 Ito Y, Ichihara K, Masuoka H, Fukushima M, Inoue H, Kihara M,

Tomoda C, Higashiyama T, Takamura Y, Kobayashi K et al. Establish-

ment of an intraoperative staging system (iStage) by improving

UICC TNM classification system for papillary thyroid carcinoma.

World Journal of Surgery 2010 34 2570–2580. (doi:10.1007/s00268-010-

0710-2)

24 Pathak KA, Mazurat A, Lambert P, Klonisch TC & Nason RW. Prognostic

nomograms to predict treatment outcomes of thyroid cancer. Journal of

Clinical Endocrinology and Metabolism 2013 [in press].
Received in final form 3 September 2013

Accepted 5 September 2013
This work is licensed under a Creative Commons
Attribution 3.0 Unported License.

http://dx.doi.org/10.1210/jc.2005-1322
http://dx.doi.org/10.1016/S0140-6736(03)12488-9
http://dx.doi.org/10.1016/j.surg.2012.02.015
http://dx.doi.org/10.1002/1097-0142(19931101)72:9%3c2680::AID-CNCR2820720926%3e3.0.CO;2-D
http://dx.doi.org/10.1002/1097-0142(19931101)72:9%3c2680::AID-CNCR2820720926%3e3.0.CO;2-D
http://dx.doi.org/10.1016/0014-2964(79)90291-3
http://dx.doi.org/10.1016/0014-2964(79)90291-3
http://dx.doi.org/10.1016/S0002-9610(99)00254-8
http://dx.doi.org/10.1007/BF00353763
http://dx.doi.org/10.1002/(SICI)1097-0142(19980901)83:5%3c1012::AID-CNCR28%3e3.0.CO;2-9
http://dx.doi.org/10.1002/(SICI)1097-0142(19980901)83:5%3c1012::AID-CNCR28%3e3.0.CO;2-9
http://dx.doi.org/10.1016/S0039-6060(03)00384-2
http://dx.doi.org/10.1016/S0039-6060(03)00384-2
http://dx.doi.org/10.1001/archsurg.135.3.272
http://dx.doi.org/10.1016/j.jamcollsurg.2004.10.031
http://dx.doi.org/10.1002/(SICI)1097-0142(19970201)79:3%3c564::AID-CNCR20%3e3.0.CO;2-0
http://dx.doi.org/10.1002/(SICI)1097-0142(19970201)79:3%3c564::AID-CNCR20%3e3.0.CO;2-0
http://dx.doi.org/10.1002/cam4.103
http://dx.doi.org/10.1007/s00268-010-0710-2
http://dx.doi.org/10.1007/s00268-010-0710-2
http://www.endocrineconnections.org
http://dx.doi.org/10.1530/EC-13-0056
http://creativecommons.org/licenses/by/3.0/deed.en_GB
http://creativecommons.org/licenses/by/3.0/deed.en_GB


















ORIGINAL STUDY
THYROID CANCER AND NODULES

RAGE Mediates the Pro-Migratory Response
of Extracellular S100A4 in Human Thyroid Cancer Cells

Manoj Reddy Medapati,1 Mathias Dahlmann,2 Saeid Ghavami,1,3 Kumar Alok Pathak,1,4 Lydia Lucman,5

Thomas Klonisch,1,4,6 Cuong Hoang-Vu,7 Ulrike Stein,2 and Sabine Hombach-Klonisch1,8

Background: Expression of the small calcium-binding protein S100A4 is associated with poor prognosis in
patients with thyroid cancer (TC). The authors have previously shown that S100A4 is a target for relaxin and
insulin-like peptide 3 signaling in TC cells and that S100A4 is secreted from human TC cells. Although the pro-
migratory role of intracellular S100A4 in binding to non-muscle myosin is well known, this study investigated
here whether extracellular S100A4 contributes to TC migration.
Methods: Human cell lines of follicular, papillary, and undifferentiated thyroid cancer, primary patient TC
cells, and TC tissues were utilized to discover the presence of the receptor of advanced glycation end products
(RAGE) in TC cells and TC tissues. Fluorescence imaging, protein pull-down assays, Western blot, siRNA
protein silencing, small GTPase inhibitors, cell proliferation, and cell migration assays were used to investigate
the interaction of extracellular S100A4 with RAGE in promoting a TC migratory response.
Results: It was demonstrated that RAGE served as receptor for extracellular S100A4 mediating cell migration
in TC cells. The RAGE-mediated increase in cell migration was dependent on the intracellular RAGE signaling
partner diaphanous-1 (Dia-1) and involved the activation of the small GTPases Cdc42 and RhoA. Although
extracellular S100A4 consistently activated ERK signaling in TC cells, it was shown that ERK signaling was
not mediated by RAGE and not essential for the migratory response in TC cells.
Conclusion: The data have identified the RAGE/Dia-1 signaling system as a mediator for the pro-migratory
response of extracellular S100A4 in human TC. Thus, therapeutic targeting of the RAGE/Dia-1/small GTPases
signaling may successfully reduce local invasion and metastasis in TC.

Introduction

T
he annual incidence rate for thyroid cancer

(TC) increased steadily from 1975 to 2010 in the United
States (http://seer.cancer.gov/csr/1975_2010/). TC is the most
common carcinoma of the endocrine glands, and more than
98% of all thyroid malignancies are categorized as papillary
(PTC), follicular (FTC), anaplastic/undifferentiated (UTC),
or medullary (MTC) thyroid carcinoma histological types.
Despite the fact that most FTC and PTC can be cured by
hemi-thyroidectomy, recurrences and treatment failures im-
pose a poor prognosis. Increased local tumor size, capsular
infiltration, vascular invasion, and the presence of distant
metastasis are parameters predicting poor prognosis for pa-

tients with TC (1–3). The small calcium-binding protein
S100A4 (metastasin) has been associated with enhanced tu-
mor cell migration and increased metastasis in several human
cancers (4–9). S100A4 gene expression has been described as
a marker for poor prognosis in patients with TC (10). It serves
as an early marker for metastasis in PTC, including papillary
microcarcinomas, and correlates with invasiveness in FTC
(11–13). The authors have previously shown that S100A4
production is significantly enhanced by relaxin/RXFP1 and
insulin-like peptide 3 (INSL3)/RXFP2 signaling in human TC
cells (14,15) and that S100A4 mediates the pro-migratory ef-
fects induced by these peptides in TC cells. It was observed
that S100A4 is secreted by human TC cells endogenously ex-
pressing S100A4, and acts as a potent factor promoting
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angiogenesis in TC xenografts (14). Although S100A4 was
shown to interact with intracellular targets such as liprin b1 and
non-muscle myosin to mediate cytoskeletal changes promoting
cell migration (16–19), the mechanisms elicited by secreted
extracellular S100A4 on cancer cells are not well understood.

The receptor of advanced glycation end products (RAGE) is
a pattern recognition receptor (20,21) and mediates the actions
of several molecules of the danger-associated molecular pat-
tern molecules (DAMPs) (22,23), such as HMGB1 in en-
hancing inflammatory and survival mechanisms in several
human pathologies (23–25). RAGE is expressed in several
human cancer entities (26–29), but its expression in TC is not
known. S100A4 binds to RAGE in the dimeric and oligomeric
form in vitro (30). Interaction of extracellular S100A4 with
RAGE was recently demonstrated in chondrocytes of osteo-
arthritis patients (31), in endothelial cells (32), and in human
colorectal cancer cells (33), and resulted in ERK1/2 phos-
phorylation. In a xenograft model of human prostate cancer,
S100A4 acts via RAGE to promote tumor growth (34).

In this study, the expression of RAGE in human TC tissues
and TC cells isolated from surgical tissue specimen was
identified, and the interaction of recombinant human S100A4
(rhS100A4) with RAGE in TC cells with endogenous RAGE
expression was demonstrated. It was shown that the motility
promoting effect of S100A4 was dependent on RAGE.
S100A4-RAGE signaling was mediated through its cyto-
plasmic interaction partner diaphanous-1 (Dia-1) and was
dependent on the small GTPases Rac-1/Cdc42 and RhoA.

Materials and Methods

Cell culture

Human TC cell lines FTC133, FTC236, C643, TPC-1, and
B-CPAP were cultured in Dulbecco’s modified Eagle’s
medium/Nutrient F-12 Ham 1:1 (DME/F12, Hyclone; Ther-
mo Scientific, Waltham, MA) with 10% fetal bovine serum
(FBS; Invitrogen, Burlington, Canada) and passaged every
three to four days to maintain a proliferative culture.

RAGE knockdown in TC cells through

transient transfection

The human TC cell lines FTC 236 and C643were seeded at
a density of 1 · 105 cells/well and treated with small inter-
ference RNA (siRNA) for RAGE (#sc-36374) or scrambled
siRNA (#sc-37007; both Santa Cruz Biotechnologies, Santa
Cruz, CA) at a concentration of 80 nM using SilentFect
(#170-3361; Bio-Rad, Mississauga, Canada).

Production of stable Dia-1 KO clones

FTC 236 and C643 cells were seeded at a density of 5 · 104

cells/well and treated with 15 lg/mL polybrene for 2 h fol-
lowed by transduction of lentiviral Dia-1 shRNA particles or
control shRNA, respectively (both Santa Cruz Biotechnolo-
gies; sc-35190-V, sc-108080). Stable clones were selected
using puromycin at 4 lg/mL (#P9620; Sigma, St Louis, MO).

Primary human thyroid cell culture

Human thyroid primary cells were isolated from surgical
tissues obtained from patients undergoing hemi-thyroidectomy
at St. Boniface General Hospital with ethics approval from the

University of Manitoba Human Ethics Board. TC cells were
isolated using 500lg/mL collagenase and 10lg/mL DNAse
(both Sigma) for tissue digestion, filtered through a 40lm cell
strainer (BD Bioscience, San Diego, CA) and subjected to red
blood cell lysis. Primary cells from TC tissues were cultured in
DME/F12 1:1 supplemented with 10% FBS and 1· penicillin/
streptomycin (Gibco, Grand Island, NY).

Polymerase chain reaction

The cDNAs were generated using random primers. Tran-
scripts were polymerase chain reaction (PCR) amplified from
selected TC cell lines and primary TC cells. The PCR cycle
consisted of an initial denaturation step at 95°C for 3min, a
denaturation step at 95°C for 1min, annealing at specific
temperature for 1min, and a final elongation step at 72°C for
2min. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was used as a control to assess the quantity of cDNA used per
PCR reaction. The specific oligonucleotide primer sequences
for the detection of S100A4, RAGE, Toll-like receptor 4
(TLR4), and GAPDH and their respective melting tempera-
tures are listed in Table 1.

Recombinant proteins, peptides, and inhibitors

Recombinant human S100A4 (rh S100A4; #GWB-
P1718B) of Escherichia coli origin with N-terminal His-tag
was purchased from GenWay Biotech (San Diego, CA).
Advanced glycation end product–bovine serum albumin
(AGE-BSA) was purchased from BioVision, Inc. (Milpitas,
CA; #2221-10). The rhS100A4 and the AGE-BSA had been
tested and were confirmed LPS-free. Inhibitors for Rac-1/
Cdc42 (ML141; #217708) and Rho kinase (H-1152P,
#555552) were both purchased from Calbiochem (Cam-
bridge, MA). The MEK inhibitor U0126, the EGFR inhibitor
AG1478, and EGF were purchased from Sigma.

RAGE pull-down assay

DynabeadsÒ (Antibody Coupling Kit 143.11D; Invitrogen)
were coupled with rhS100A4 (4137S4; R&D Systems,
Minneapolis, MN) or BSA, respectively, according to the man-
ufacturers’ protocol, and blocked with 2% BSA in phosphate-
buffered saline (PBS). B-CPAP cells (3·107) were lysed in
RIPA buffer supplemented with protease inhibitor cocktail
(Roche, Mississauga, Canada). The lysate was split into three
equal volumes. One volume of lysate was supplemented with
5lg RAGE antibody (H-300; Santa Cruz Biotechnologies)
before the beads were added. The lysates were incubated with
10lg of coupled beads overnight at 4°Cunder constant rotation.
The beads were washed three times with PBS and subjected to
Western blotting and immunostaining of membranes with
RAGE-specific antibody (A11; Santa Cruz Biotechnologies).

Western blotting

The preparation of protein lysates and polyacrylamide gels
for Western blotting was performed as described previously
(35). For the detection of RAGE, Dia-1 and S100A4, an anti-
RAGE rabbit polyclonal antibody (1:1000) and an anti-Dia-1
mouse monoclonal antibody (1:1000; both Santa Cruz
Biotechnologies), and an anti-S100A4 rabbit monoclonal
antibody (1:1000; Cell Signaling Technology, Danvers, MA)
were probed overnight at 4°C, respectively. Horseradish
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peroxidase (HRP) coupled goat anti-rabbit (Cell Signaling
Technology) and goat anti-mouse (Sigma) secondary antibodies
were used (both at 1:5000). For the detection of ERK1/2 sig-
naling intermediates, antibodies for total ERK1/2 and phospho-
ERK1/2 were purchased (Cell Signaling Technology), and blots
were developed by autoradiography using ECL (Pierce, Ne-
pean, Canada). Densitometry analysis of the X-ray films was
done using the spot denso tool in Fluorchem software.

Immunofluorescence

TC cells were fixed with 3.7% formaldehyde, permeabi-
lized with 0.01% Triton-X100 for 15min, and blocked with
5% normal goat serum (NGS) for 1 h at room temperature
(RT). Cells were incubated overnight at 4°Cwith the primary
antibodies for RAGE (1:100), Dia-1 (1:100) (both Santa
Cruz), and Pax-8 (1: 100; Biocare Medical, Inc., Concord,
CA) and corresponding isotype control IgG immunoglobu-
lins diluted in 5% NGS (Sigma). Slides were washed three
times for 5min and incubated with AlexaFluor conjugated
goat anti rabbit (1:500; #A11012) and goat anti mouse (1:
1000; #A11005; both Invitrogen) secondary antibodies for
1 h at RT and washed three times for 5min. 4¢,6-diamidino-2-
phenylindole (DAPI) was used for nuclear counterstain, and
cells were covered in anti-fade mounting medium (Life
Technologies, Burlington, Canada).

Immunohistochemistry

Human thyroid tissues of normal thyroid and TC were
collected from surgical patient specimens at the Department
of Surgery, University of Halle-Wittenberg, and formalin-
fixed paraffin-embedded tissue sections (5 lm) were used for
this study. This study was approved by the ethical committee
of the Martin-Luther-University, Faculty of Medicine. The
human TC tissue micro array (TMA) was obtained from US
Biomax (Rockville, MD; TH208). It comprised of a total of
208 cores of 1mm diameter and 60 cases with triplicate cores
per case, including nine normal thyroid tissues. Dewaxing,
antigen retrieval, and immunohistochemistry were performed
as described previously (15). Sections were probed with the
anti-RAGE rabbit primary antibody (1:100) or an isotype
control antibody (Sigma) at equivalent protein concentrations
overnight at 4°C. Following incubationwith a biotin-conjugated
goat anti-rabbit secondary antibody (1:500) and avidin-biotin
complexes (Vectstain ABC kit, #PK-6105), specific staining
was visualized using 3,3¢-diaminobenzidine substrate (DAB).

Sections were imaged using a Zeiss M1 bright field microscope
and a 20· objective.

Bromodeoxyuridine cell proliferation assay

Human TC cells were seeded at a density of 5 · 103 cells/
well, serum starved for 24 h, and treated with rhS100A4
(100 nM, 250 nM, 500 nM). After 24 h of treatment, a calo-
rimetric enzyme-linked immunosorbent assay (ELISA) was
done using the Bromodeoxyuridine (BrdU) cell proliferation
kit (Roche). The absorbance was measured at 450 nm using
an ELISA reader (Perkin Elmer, Boston, MA).

Cell viability (WST-1) assay

Human TC cells were seeded at a density of 5 · 103 cells/
well, serum starved, and treated with rhS100A4 (100nM,
250 nM, 500 nM). After 24 h of treatment, WST-1 reagent was
added to the cells and incubated at 37°C for 4 h. The formation
of water-soluble formazan was measured at 450 nm.

Migration assay

Cells were cultured in 1% fetal calf serum medium and
seeded onto a transwell filter membrane with 8 lm pore size
(Costar, Corning, NY) at a density of 1 · 104 cells/well. TC
cells were treated with rhS100A4 (100 nM, 250 nM, 500 nM)
and AGE-BSA (10 lg/mL) for 24 h. For Rac-1/Cdc42 and
RhoA inhibition experiments, cells were treated with the
respective inhibitors at 10lM for 24 h and then seeded on the
filters along with the inhibitors. For MEK inhibition experi-
ments, cells were treated with U0126 at 10 lM for 1 h prior to
treatment with rhS100A4. After 24 h of migration, cells were
washed, fixed with methanol, and stained with 0.1% toluidine
blue dye (Sigma). Cells that had migrated to the underside of
the filter were imaged and counted as described (15).

siRNA RAGE silencing

RAGE was silenced in transient transfections using Si-
lentFect transfection reagent (BioRad) with RAGE siRNA
and compared to non-silencing (scrambled) siRNA (both
SantaCruz). At 48 h following siRNA treatment, cells were
used for migration assays.

Cdc42 and RhoA pathway inhibition assays

Cells were serum starved and treated for 24 h with a
Cdc42/Rac-1 inhibitor at 10lM (ML141) and a Rho kinase

Table 1. List of Oligonucleotide Primer Sequences with Corresponding Melting Temperatures,

Size of the Amplicons, and Number of PCR Cycles Used for the Detection of the Transcript

Gene Primer Primer sequence (5¢ to 3¢) Tm Base pairs No. of PCR cycles

S100A4 Forward GAA GGC CCT GGA TGT GAT GGT G 60 270 35
Reverse CAT TTC TTC CTG GGC TGC TTA TC

RAGE Forward TCC CCG TCC CAC CTT CTC CTG 63 540 40
Reverse CTC CTC TTC CTC CTG GTT TTC TG

TLR4 Forward CCT TCC TCT CCT GCG TGA GAC 60 280 35
Reverse TTC ACA CCT GGA TAA ATC CAG

GAPDH Forward CAT CAC CAT CTT CCA GGA GCG 60 340 20
Reverse TGA CCT TGC CCA CAG CCT TG

Tm, melting temperature; PCR, polymerase chain reaction; RAGE, receptor of advanced glycation end products; TLR4, Toll-like receptor
4; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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inhibitor at 10lM (H-1152P; both Calbiochem). Cells were
lysed, and active GTPase proteins were pulled down using
PAK-PBD (to bind GTP-Cdc42) and Rhotekin-RBD beads
(to bind GTP-RhoA) using the RhoA/Rac1/Cdc42 Activation
Assay Combo Biochem Kit (BK030; Cytoskeleton, Denver,
CO). The immunoprecipitated active small GTPases were
identified byWestern blot using specific antibodies for Cdc42
and RhoA provided with the kit.

Statistical analysis

Statistical analyses were done using GraphPad Prism
software. The differences between the groups were calcu-
lated using one way analysis of variance, and the confidence
interval in each analyses was set at 95% so the comparisons
having a p-value of < 0.05 were considered significant.

Results

RAGE is expressed in human TC cells and tissues

The study demonstrated the expression of RAGE tran-
scripts (Fig. 1A) and RAGE protein (Fig. 1B) utilizing human
TC cell lines representing the three histological types of
human TC: FTC (FTC133, FTC 236), PTC (TPC-1 and B-

CPAP), and UTC (C643). Expression of S100A4 was de-
tected in FTC133 but was negligible in the other TC cell lines
(Fig. 1B and C). S100A4-negative TC cells but positive for
endogenous RAGE were used as the experimental model to
investigate the role of extracellular S100A4 in TC. Primary
TC cells isolated from surgical patient tissues (Supplemen-
tary Fig. S1A; Supplementary Data are available online at
www.liebertpub.com/thy) were used in early passages (P1–
P3) and expressed the thyroid cell transcription factor PAX8
as shown here with nuclear localization of PAX8 by immu-
nofluorescence (Supplementary Fig. S1B). Primary human
TC cells were tested from 18 patients, and RAGE transcripts
were detected in 8 of 10 PTC and two of two FTC (Fig. 1D).
RAGE transcripts were also present in four out of five pri-
mary cells isolated from follicular adenoma samples and in
one goiter sample (Fig. 1D), indicating the presence of RAGE
in both hyperplastic and neoplastic human TC. Immuno-
fluorescence localization of RAGE protein was demonstrated
in all human TC cell lines as shown here for FTC236 and TPC-
1 (Fig. 2A). Following siRNA RAGE silencing, the detection
of RAGE protein was negligible compared to the RAGE ex-
pression in untreated or scrambled siRNA treated cells (Fig.
2B) demonstrating the specificity of RAGE detection. RAGE
protein was also demonstrated by immunofluorescence in

FIG. 1. Receptor of ad-
vanced glycation end prod-
ucts (RAGE) is expressed in
established and primary thy-
roid cancer (TC) cells.
RAGE transcripts (A) and
RAGE protein (B) are ex-
pressed in the human TC cell
lines FTC133 and FTC236
(both follicular thyroid can-
cer [FTC]), C643 (undiffer-
entiated thyroid cancer
[UTC]), and TPC1 and B-
CPAP (both papillary thyroid
cancer [PTC]). The expres-
sion of S100A4 transcripts in
these cell lines is negligible
(C) compared to S100A4
levels in FTC133 used as
positive control. Eighteen
primary thyroid cell isolates
from patient tissues were
tested, and RAGE transcripts
were detected in 8 of 10 PTC
and two of two FTC samples
(D). Four out of five cases of
primary cells isolated from
follicular adenoma samples
were positive for RAGE (D).
Primary thyroid carcinoma
cells and three out of five
primary cells isolated from
follicular adenoma were
positive for S100A4 tran-
scripts (D). Glyceraldehyde-
3-phosphate dehydrogenase
(GAPDH) was used to test
for the amount and quality of
the cDNA.
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primary TC cells (Fig. 2C). Human TC tissue sections revealed
immunoreactive RAGE by immunohistochemistry in TC cells
from FTC, PTC, and UTC tissue samples (Fig. 3A). Follicular
thyroid epithelial cells in normal thyroid tissue controls were
negative for RAGE (Fig. 3A). In addition, a human TC tissue
microarray was used to detect RAGE protein expression in
tissue cores of 60 cases with triplicate cores per case, including
nine normal thyroid control tissues. It was found that 83% of
PTC, 75% of FTC, and 70% of UTC tissues were positive for
RAGE (Fig. 3B). Follicular thyroid epithelial cells of all nor-
mal thyroid tissue controls were negative for RAGE (Fig. 3B).

Extracellular S100A4 binds to RAGE to promote

cancer cell migration

S100A4 has been described as aRAGE ligand in other human
cell types (36). To determine whether exogenous S100A4 binds

to RAGE in TC cells, S100A4-coupled beads were utilized to
pull down endogenous RAGE protein in human B-CPAP PTC
cells. RhS100A4, but not BSA, was able to pull down RAGE
protein, suggesting that S100A4 binds to RAGE (Fig. 4).
RhS100A4 did not reduce cell viability (Fig. 5A) and failed to
increase cell proliferation (Fig. 5B) in TC cells. However,
rhS100A4 at 500 nM significantly increased cell migration (Fig.
5C) in TC cells, as demonstrated by two-chamber migration
assays. The known physiological ligand of RAGE, advanced
glycation end products (AGE), was used as a positive control and
elicited a pro-migratory response in TC cells (Fig. 5D).

S100A4-induced TC cell migration is dependent

on RAGE and Dia-1

RAGE expression in TC cells was silenced using RAGE
siRNA and scrambled siRNA treatment was used as a control

FIG. 2. RAGE protein de-
tection by immunofluores-
cence in TC cells. RAGE
protein was detected by im-
munofluorescence in all
human thyroid carcinoma
cell lines as shown here for
FTC-236 (A: a and c) and
TPC-1 (A: e and g) and in
primary thyroid carcinoma
cells (C: a, c, e, and g) posi-
tive for RAGE transcripts as
shown here for Thy-32 (PTC)
and Thy-42 (FTC) (B). Sec-
tions probed with a rabbit
IgG control antibody
substituting for RAGE anti-
body were negative for im-
munofluorescence staining
(A: d and h; C: d and h).
After treatment with RAGE
siRNA, immunofluorescence
was negative for RAGE,
demonstrating successful
RAGE silencing and speci-
ficity of the RAGE antibody
(B: d and f). Cells probed
with a scrambled non-silenc-
ing siRNA (B: g and i)
showed positive im-
munostaining for RAGE
similar to control cells
(B: a and c).
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to maintain endogenous RAGE expression (Fig. 6A). Upon
specific RAGE knockdown, TC cells failed to respond to
rhS100A4 or AGE with increased migration (Fig. 6B),
whereas scrambled siRNA treated RAGE-positive TC con-
trol cells showed a significant pro-migratory response to both

rhS100A4 and AGE (Fig. 6B). S100A4 has recently been
shown to signal via TLR4 in mouse mammary carcinoma
cells (37). This study sought to detect the presence of TLR4
in TC cells as a potential mediator for S100A4-induced
migration. RAGE silencing did not affect the expression
levels of TLR4. Thus, binding of S100A4 to TLR4 did not
contribute to the S100A4-induced migratory response in TC
(Fig. 6A). Dia-1 was identified as cytoplasmic interaction
partner for RAGE, mediating increased cell migration to-
ward modified human serum albumin in rat glioma cells
(38). Dia-1 protein expression was detected by Western blot
(Fig. 7A) and the presence of Dia-1 in the cytoplasm of TC
cells was demonstrated by immunofluorescence (Fig. 7B).
Stable Dia-1 knockdown clones of FTC236 and C643 cells
were established using lentiviral shRNA silencing (Fig. 7C),
and it was discovered that Dia-1 silencing completely
abolished the pro-migratory response of rhS100A4 (Fig.
7D). Dia-1 silencing did not change the expression of RAGE
protein in Dia-1 knockout clones (Fig. 7C), confirming that
S100A4-induced and RAGE-mediated cell migration was
dependent on the cytoplasmic RAGE interaction partner
Dia-1 in TC cells.

S100A4/RAGE-mediated increased cell migration

involves Cdc42 and RhoA kinase

This study investigated whether activation of the S100A4-
RAGE/Dia-1 signaling pathway in TC cells included the
small GTPases Cdc42 and RhoA as potential downstream
RAGE/Dia-1 targets. S100A4 increased the active GTP-
bound fractions of both RhoA and Cdc42 (Fig. 8A). The
reduction of RAGE protein to approximately 50% of normal
cellular levels coincided with a markedly diminished fraction
of active GTP-RhoA but did not affect Cdc42 activation (Fig.
8B). To determine whether the S100A4-induced cell migra-
tion was dependent on the activation of small GTPases, the
Rac-1/ Cdc42 inhibitor ML141 and the Rho kinase inhibitor
H-1152P were employed at non-toxic concentrations of
10 lM each (Fig. 8C). Reduced levels of the GTP-bound
RhoA and Cdc-42 indicated the successful inhibition of their
GTPase activity (Fig. 8D). Inhibition of Cdc42 activation by
ML141 almost completely abolished the ability of S100A4 to
induce TC cell migration, whereas treatment with the Rho
kinase inhibitor H-1152P caused an approximately 50%

FIG. 3. RAGE is expressed in neoplastic but not in normal
thyroid tissues. Immunohistochemistry (IHC) was per-
formed on sections from paraffin-embedded human thyroid
tissues. Sections of human FTC, PTC, and UTC probed with
the RAGE antibody showed positive staining in neoplastic
thyroid cells, as shown here for PTC (A: a), UTC (A: c), and
FTC (A: g). Specific staining was lacking when the primary
antibody was substituted with an isotype control IgG (A: b,
d, and f). Follicular thyroid epithelial cells of normal thyroid
tissues were negative in RAGE IHC (A: e). The image in
(A), part h, demonstrates positive immunostaining for
RAGE in PTC tissue, whereas adjacent normal thyroid tis-
sue was devoid of immunostaining. IHC for RAGE was also
performed on a human TC tissue microarray comprising
triplicates for 24 cases of PTC, 24 cases of FTC, 10 cases of
UTC, and 9 cases of normal thyroid tissues. The IHC
analysis revealed 83% of PTC, 75% of FTC, and 70% of
UTC to be RAGE positive, whereas normal thyroid tissue
controls were negative for RAGE staining (B).

FIG. 4. Endogenous RAGE interacts with rhS100A4 in
TC cells. Recombinant human (rh)S100A4 was covalently
coupled to Dynabeads for immunoprecipitation. BSA-coupled
beads were used as negative control. S100A4-coupled beads
immunoprecipitated RAGE protein when incubated with
total cell lysate of the human PTC cell line B-CPAP. When
a RAGE-blocking antibody was added to the cell lysate,
S100A4 failed to immunoprecipitate RAGE protein.
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reduction of TC migration (Fig. 8E). DMSO solvent had no
effect on migration (Fig. 8E). Thus, the active forms of both
Cdc42 and RhoA were identified as downstreammediators of
the S100A4-RAGE/Dia-1 pathway leading to enhanced TC
migration.

S100A4-induced p44/p42 MAPK signaling

is independent of RAGE

Extracellular S100A4 induced a robust ERK1/2 phos-
phorylation in TC cells at concentrations of 250 nM of
S100A4 (Fig. 9A), and the MEK inhibitor U0126 prevented
this ERK1/2 phosphorylation (Fig. 9B). In cells treated with
RAGE siRNA, rhS100A4 was still able to induce ERK1/2
phosphorylation (Fig. 9C), indicating a RAGE indepen-
dent S100A4 signaling event. In Dia-1 knockdown cells,
rhS100A4 mediated ERK1/2 phosphorylation was detectable
but delayed compared to parental cells (Fig. 9D). Treatment
with the MEK inhibitor U0126 at 10 lM failed to block the
pro-migratory response in TC cells treated with exogenous
rhS100A4, suggesting that ERK activation was not directly
linked to cell migration in TC.

Discussion

This study reports the expression of RAGE in human TC
tissues and in human primary and established TC cells. The
study shows that the induction of cell motility in human
thyroid carcinoma cells induced by extracellular S100A4 was

RAGE-dependent and involved the cytoplasmic RAGE-
interaction partner Dia-1 and the small GTPases of the RhoA/
Cdc42/Rac-1 family. The data demonstrated that in TC
cells, the small GTPases Cdc42 and RhoA, but not the MAP
kinases ERK1/2, were activated by exogenous S100A4
downstream of RAGE/Dia-1 to increase cell motility.

The authors have previously shown that S100A4 is ex-
pressed and secreted in TC cells and increases TC cell mo-
tility (14,15), but the signaling pathway mediating this action
in TC is not fully understood. Several S100 proteins were
shown to bind to RAGE in their dimeric and oligomeric
forms in a calcium-dependent manner (27,39,40). S100A4
was shown to bind to RAGE in vitro (30,33) and activate
RAGE in human chondrocytes of patients with osteoarthritis
(36). It was demonstrated in human colon cancer cells that
RAGE mediates increased cell motility in the presence of
S100A4 (33). On the other hand, RAGE-independent actions
of extracellular S100A4 were reported in endothelial cells
(41) and in hippocampal neurons (42). Intriguingly, it was
found that TC cells and the majority of follicular thyroid cells
isolated from thyroid adenoma expressed the pattern recog-
nition receptor RAGE, whereas thyroid follicular epithelial
cells derived from normal thyroid tissue lacked RAGE ex-
pression. Extracellular S100A4 had a potent auto-/paracrine
effect on TC cells and enhanced cell motility via activation of
RAGE.

To the best of the authors’ knowledge, this is the first report
on the expression of the cytoplasmic RAGE-interaction

FIG. 5. Exogenous S100A4
is not mitogenic but increases
cell migration. Extracellular
rhS100A4 did not cause cy-
totoxic reactions in the con-
centrations used, as shown by
WST-1 assays (A), and did
not enhance cell proliferation
in human thyroid carcinoma
cells, as determined by bro-
modeoxyuridine (BrdU) in-
corporation assays (B) in
FTC-236 ( p= 0.077 for
100 nM; p= 0.058 for
250 nM; p= 0.067 for 500 nM
S100A4). FTC236 cells were
treated with increasing con-
centrations of rhS100A4 and
subjected to filter-based mi-
gration assays for 24 h. A ro-
bust pro-migratory response
was determined in response to
500 nM rhS100A4 (C), which
was similar to the known
RAGE-ligand AGE-BSA at
10lg/mL (D). Results are
shown for three independent
experiments, and statistical
analysis was determined
using analysis of variance
(ANOVA) with p< 0.05 con-
sidered significant (*p< 0.05;
**p< 0.005).
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partner Dia-1 in TC cells. Dia-1 was essential for extracel-
lular S100A4 to induce increased migration via RAGE in TC.
Previously, glycosylated albumin species were used as
RAGE ligands to induce RAGE-mediated cell migration in
the C6 rat glioma cell line through the involvement of Dia-1
(38). In TC cells, the presence of S100A4 and activation of
the S100A4-RAGE-Dia-1 signaling pathway coincided with
an increase in cellular active GTP-bound protein fractions of
Cdc42 and RhoA and increased TC migration. Blocking
Cdc42 and the Rho kinase activation resulted in markedly
reduced cell migration, and exogenous S100A4was unable to
rescue the reduced TC migration. Different from TC cells,
RAGE-mediated rat glioma cell migration was independent
of RhoA activity (38). The inhibitor H1152P was used, which
acts on Rho-associated kinase (ROCK), a downstream me-
diator of RhoA, and can indirectly modulate the activity
status of RhoA. H1152P was demonstrated in vitro to bind to
and inhibit PKA at higher concentrations (43,44). PKA can

phosphorylate and increase the level of active GTP-RhoA at
the leading edge of migrating cells (45). At the H1152P
concentrations used here in TC cells, the reduction in GTP-
bound RhoA likely resulted from PKA inhibition (Supple-
mentary Fig. S2). This coincided with a 50% reduction of TC
migration and could not be rescued by exogenous S100A4.
Intriguingly, cellular RAGE levels had a profound impact on
the level of GTP-bound RhoA in TC. Incomplete knockdown
of RAGE in TC cells significantly reduced active GTP-bound
RhoA but had little effect on GTP-Cdc42 levels in TC cells
expressing S100A4. Thus, Cdc42 may be the major small
GTPase targeted by the S100A4-RAGE-Dia-1 signaling path-
way, whereas S100A4-mediated RhoA activation likely is
indirect in TC cells.

S100A8/9 proteins have previously been shown to bind to
and activate TLR4 (46). Recently, S100A4 was also shown to
serve as a ligand for TLR4 in mammary adenocarcinoma
cells and to activate pro-inflammatory pathways (37).

FIG. 6. S100A4-induced cell migration in
TC cells is RAGE-dependent. Reverse
transcription polymerase chain reaction (RT-
PCR) detection of RAGE and TLR4 tran-
scripts is shown in FTC-236 cells following
48 h of RAGE knockdown using transient
transfections with RAGE siRNA. Non-
silencing ‘‘scrambled’’ siRNA served as a
negative control (A). TLR4 transcripts were
not affected by RAGE siRNA silencing (A).
RAGE silencing abolished the motility-
enhancing effect of rhS100A4 (500 nM) and
AGE-BSA (10lg/mL) in TC cells (B).
Treatment with non-silencing siRNA did not
diminish the pro-migratory effect of S100A4
(B). Three independent experiments were
performed, and ANOVA was used to deter-
mine statistical significance (*p < 0.05)
compared to the respective controls.
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Although TLR4 was expressed in TC cells, siRNA-mediated
knockdown of RAGE did not affect the expression of TLR4
indicating that TLR4 likely plays no significant role in me-
diating the pro-migratory response of extracellular S100A4
in human TC cells.

The absence of RAGE in normal follicular thyroid cells
and its presence in TC suggest that in their tumor microenvi-
ronment, TC cells can respond in an autocrine/paracrine
manner to secreted S100A4. Cancer-associated fibroblasts in
several cancer entities have been described to produce S100A4
(47,48), and several immune cells such as macrophages and
activated lymphocytes were identified as a source for S100A4
in the vicinity of tumors (49). The authors have previously
shown that S100A4 is secreted from TC cells in vitro (14,15),
further emphasizing the role for S100A4 in paracrine in-
tratumoral signaling. Similar to the previously described in-

duction of migration of endothelial cells (50) and in colorectal
cancer cells (33) by S100A4, the migration-stimulating effect
on TC cells was only seen at S100A4 concentrations ‡500 nM.
The current model of RAGE–ligand interaction proposes the
organization of RAGE as unstable preassembled receptor
clusters, which requires stabilization through ligand binding
to sustain RAGE signaling (25,40,51). RAGE clustering fa-
vors binding of multimeric S100 proteins (40,51), and this, in
turn, enables stronger activation of RAGE (23). In agreement
with previous work, the present data suggest that high in-
tratumoral S100A4 concentrations activate RAGE and cause
Cdc42/RhoA-mediated cytoskeletal rearrangements that fa-
cilitate enhanced TC cell migration.

Ligand-induced RAGE signaling was shown to activate
the p44/42 MAPK pathway in several cell types (25,30,52–
54), and a robust upregulation of the phosphorylated species

FIG. 7. Cell migration by
S100A4/RAGE is mediated by
Diaphanous-1 (Dia-1) in TC cells.
Human TC cells expressed the
135 kDa Dia-1 protein, as shown by
Western blot (A). HEK 293 and
MCF-7 cells were used as negative
and positive (+ ve) control for Dia-
1, respectively (A). Beta-actin
served as loading control. Im-
munofluorescence detection of Dia-
1 demonstrated cytoplasmic stain-
ing in thyroid carcinoma cells (B: a
and e). When the primary antibody
was substituted with an isotype
control antibody, no staining was
observed (B: d and h). DAPI was
used as a nuclear counterstain (B: b
and f). Dia-1 silencing was
achieved in stable lentiviral Dia-1
shRNA knockdown clones of FTC-
236 and the empty vector control
clone (mock) (C). RAGE protein
levels remained unaltered in Dia-1
KO cells (C). Two-chamber mi-
gration assays were performed on
Dia-1-positive mock clones and
Dia-1 knockdown transfectants
(D). Results are shown for three
independent experiments, and sta-
tistical analysis was determined
using ANOVA, with p< 0.05
considered significant (*p < 0.05;
**p < 0.005) compared to the
respective controls.
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of MAP kinases ERK1/2 was also observed in TC cells ex-
posed to S100A4.Was this ERK1/2 activation contributing to
S100A4-mediated TC migration? S100A8/9 were shown to
elicit ERK1/2 phosphorylation via RAGE in cancer cells
(27,55), and S100A4-induced cell migration involved acti-
vation of ERK1/2 in vascular smooth muscle cells (56) and in
human colon cancer cells (33). However, different experi-
mental data are presented here, strongly suggesting that
S100A4-induced ERK1/2 phosphorylation was not mediated
through RAGE in human TC cells. Neither RAGE silencing
nor Dia-1 knockdown was able to abolish ERK activation by
rhS100A4. In addition, MAPK signaling in TC cells was
robustly induced at concentrations of rhS100A4 well below
those required to induce TC migration. Furthermore, exog-
enous S100A4 was still able to increase cell migration when

ERK1/2 phosphorylation was inhibited with the MEK in-
hibitor U0261. In light of previous research showing that
extracellular S100A4 interacts with endogenous EGFR li-
gands such as amphiregulin, betacellulin, and EGF and
induces ERK1/2 phosphorylation in murine embryonic fi-
broblasts (57), it is tempting to suggest that S100A4 may
utilize more than one receptor in TC cells. By blocking EGFR
phosphorylation, the activation of the p44/p42 MAPK path-
way could be abolished (Supplementary Fig. S3). The authors
are currently investigating the role of extracellular S100A4 in
the activation of EGFR signaling in TC cells.

RAGE is considered a pattern-recognition receptor (58)
recognizing several different ligands, among them HMGB1,
which serves as mediator of inflammatory responses (23).
The expression of RAGE in primary cells isolated from TC

FIG. 8. S100A4/RAGE-induced cell
migration required Cdc42 and RhoA. As
shown by GTP pull-down assays, exog-
enous S100A4 increased the active GTP-
bound fraction of RhoA and Cdc42 in
C643 cells (A). Reduction of endogenous
RAGE protein using siRNA markedly
decreased the active fraction of RhoA,
but not Cdc42 in S100A4 expressing
C643 cells (B). S100A4-induced cell
migration in TC cells was investigated by
simultaneous incubation of a Cdc42/Rac-
1 inhibitor and a Rho kinase inhibitor at
concentrations of 10 lM each, which did
not affect cell viability (C) but inhibited
the activation of RhoA and Cdc42, re-
spectively, as shown by the reduced
amount of GTP-bound active fractions of
RhoA and Cdc42 (D). Cell migration was
markedly reduced under Cdc42/Rac-1
inhibition and was decreased to about
50% under Rho kinase inhibition. Exo-
genous S100A4 failed to induce a pro-
migratory response in the presence of
these inhibitors (E). DMSO solvent had
no effect on migration (E). Results are
shown for three independent experiments,
and statistical analysis was determined
using ANOVA, with p< 0.05 considered
significant (**p < 0.005; ***p < 0.0005).
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and follicular adenoma specimens contributes to the under-
standing of inflammatory processes within the thyroid gland
as a potential mechanism to promote cancer development and
progression, especially for PTC (59), and supports a role for
S100A4 during the early stages of PTC development (11).

In summary, secreted S100A4 targets RAGE, which
is exclusively present on human TC derived from follicu-
lar epithelial cells. Within the tumor microenvironment,
S100A4-induced RAGE/Dia-1/small GTPases signaling is
likely an important promoter of TC migration. New thera-
peutic strategies targeting this signaling pathway may pre-
vent TC invasion and metastasis.
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Lukanidin E, Berezin V, Bock E 2006 Molecular mecha-
nisms of Ca(2 + ) signaling in neurons induced by the
S100A4 protein. Mol Cell Biol 26:3625–3638.

43. Breitenlechner C, Gassel M, Hidaka H, Kinzel V, Huber R,
Engh RA, Bossemeyer D 2003 Protein kinase A in complex

with Rho-kinase inhibitors Y-27632, Fasudil, and H-1152P:
structural basis of selectivity. Structure 11:1595–1607.

44. Ikenoya M, Hidaka H, Hosoya T, Suzuki M, Yamamoto N,
Sasaki Y 2002 Inhibition of rho-kinase-induced myr-
istoylated alanine-rich C kinase substrate (MARCKS) phos-
phorylation in human neuronal cells by H-1152, a novel and
specific Rho-kinase inhibitor. J Neurochem 81:9–16.

45. Tkachenko E, Sabouri-Ghomi M, Pertz O, Kim C, Gu-
tierrez E, Machacek M, Groisman A, Danuser G, Ginsberg
MH 2011 Protein kinase A governs a RhoA-RhoGDI pro-
trusion-retraction pacemaker in migrating cells. Nature Cell
Biol 13:660–667.

46. Vogl T, Tenbrock K, Ludwig S, Leukert N, Ehrhardt C, van
Zoelen MA, Nacken W, Foell D, van der Poll T, Sorg C,
Roth J 2007 Mrp8 and Mrp14 are endogenous activators of
Toll-like receptor 4, promoting lethal, endotoxin-induced
shock. Nat Med 13:1042–1049.

47. Bochet L, Lehuede C, Dauvillier S, Wang YY, Dirat B,
Laurent V, Dray C, Guiet R, Maridonneau-Parini I, Le
Gonidec S, Couderc B, Escourrou G, Valet P, Muller C
2013 Adipocyte-derived fibroblasts promote tumor pro-
gression and contribute to the desmoplastic reaction in
breast cancer. Cancer Res 73:5657–5668.

48. Rasanen K, Sriswasdi S, Valiga A, Tang HY, Zhang G,
Perego M, Somasundaram R, Li L, Speicher K, Klein-
Szanto AJ, Basu D, Rustgi AK, Speicher DW, Herlyn M
2013 Comparative secretome analysis of epithelial and
mesenchymal subpopulations of head and neck squamous
cell carcinoma identifies S100A4 as a potential therapeutic
target. Mol Cell Proteomics 12:3778–3792.

49. Cabezón T, Celis JE, Skibshøj I, Klingelhöfer J, Grigorian
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The two main reasons for death of cancer patients, tumor recurrence and metastasis, are
multi-stage cellular processes that involve increased cell plasticity and coincide with ele-
vated resistance to anti-cancer treatments. Epithelial-to-mesenchymal transition (EMT) is a
key contributor to metastasis in many cancer types, including thyroid cancer and is known
to confer stem cell-like properties onto cancer cells. This review provides an overview
of molecular mechanisms and factors known to contribute to cancer cell plasticity and
capable of enhancing cancer cell resistance to radio- and chemotherapy. We elucidate
the role of DNA repair mechanisms in contributing to therapeutic resistance, with a spe-
cial emphasis on thyroid cancer. Next, we explore the emerging roles of autophagy and
damage-associated molecular pattern responses in EMT and chemoresistance in tumor
cells. Finally, we demonstrate how cancer cells, including thyroid cancer cells, can highjack
the oncofetal nucleoprotein high-mobility group A2 to gain increased transformative cell
plasticity, prevent apoptosis, and enhance metastasis of chemoresistant tumor cells.

Keywords: thyroid cancer, therapeutic resistance, stem cells, HMGA2, DAMP, autophagy, ER stress, DNA repair

INTRODUCTION
Tissue invasion, metastasis, as well as radio- and chemotherapeutic
resistance to anti-cancer treatments are common and main causes
of death in cancer patients. Tumor cells mount complex and still
poorly understood molecular defense mechanisms to counteract
and evade oxygen deprivation, nutritional restrictions, as well as
radio- and chemotherapeutic treatment regimens aimed at desta-
bilizing their genomes and important cellular processes. In thyroid
cancer, as in other tumors, such defense strategies include the reac-
tivation in cancer cells of early developmental programs normally
active exclusively in stem cells, the stimulation of cancer stem-like
cells resident within the tumor tissue, and the recruitment of bone
marrow-derived progenitors into the tumor (1–3). Metastasis and
therapeutic resistance in cancer (stem) cells involve the epithelial-
to-mesenchymal transition (EMT)-mediated enhancement in cel-
lular plasticity, which includes coordinated dynamic biochemical
and nuclear changes (4). The purpose of the present review is to
provide an overview of the role of DNA repair mechanisms con-
tributing to radio- and chemotherapeutic resistance in cancer with
an emphasis on thyroid cancer and highlight the emerging roles
of autophagy and damage-associated molecular pattern (DAMP)
responses in EMT and chemoresistance in tumor cells. Finally, we
use the stem cell factor and nucleoprotein high-mobility group
A2 (HMGA2) as an example to demonstrate how factors intended
to protect stem cells are wielded by cancer (stem) cells to gain
increased transformative cell plasticity, which enhances metastasis,
chemotherapeutic resistance, and cell survival. Wherever possible,

we have included information on these cellular processes and
associated factors as they relate to thyroid cancer cells.

THYROID CANCER: HIGH INCIDENCE AND NEW WAYS TO
PREDICT RISK OF DEATH
Thyroid cancer is the most common malignant endocrine tumor
and the seventh most common cancer seen in Canadians account-
ing for 11% of all cancers in women <40 years. In Canada, the
incidence of thyroid cancer is increasing more rapidly than any
other cancer; by 6.8% per year in Canadian males (1998–2007)
and by 6.9% per year in Canadian females (2002–2007) (5). A
373% increase in the incidence of thyroid cancer was reported in a
population-based cohort in Canada (6). The trends in the United
States (US) mirror that of Canada,with an increase in the incidence
of thyroid cancer from 4.85/100,000 in 1975 to 14.25/100,000 in
2009 and an annual percent increase (2000–2009) of 6.0% for the
US males and 6.9% for the US females (7). The life time proba-
bility of developing a thyroid cancer for a Canadian female is 1
in 71 (1.4%) but only 1 in 1,374 (0.1%) will actually die from
it. Canadian males have a lower lifetime risk of developing thy-
roid cancer at 1 in 223 (0.4%) with the risk of death from thyroid
cancer at 1 in 1,937 (0.1%) (8). Although the incidence of thyroid
cancer has been rising, this tumor has an excellent 5-year rela-
tive survival ratio of 98% in 2011 (8). Thyroid cancer represents
a conglomerate of different histological types with diverse clinical
behavior. Over 90% of all thyroid cancers are either follicular or
papillary carcinoma, termed differentiated thyroid cancer (DTC),
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and carry excellent prognosis. By contrast, poorly differentiated
and anaplastic thyroid cancers (ATC) have a very poor outcome.
Surgery and/or radioactive iodine exposure is the mainstay of
treatment for DTC. ATC are usually diagnosed at an advanced
stage when surgery is not feasible and radiation and chemother-
apy are the only option. Thyroid cancer stem cell populations have
been described for both DTC and ATC (2, 9–11). The histology
and age of the patient at diagnosis are two principal determinants
of thyroid cancer-specific survival. The improvement in the thy-
roid cancer-specific survival over the last four decades is largely
attributed to the declining proportion of ATC (12). An age thresh-
old of 45 years at the time of diagnosis of DTC used by the TNM
classification system of the American Joint Committee on Cancer
and International Union against Cancer (TNM-AJCC/IUCC) for
stratification into low- and high-risk thyroid cancers has been
questioned and an alternative age cut off of 55 years was suggested
(13). To predict an individual’s risk of death from thyroid cancer
within 10 years of diagnosis, we recently developed a prognostic
nomogram which accounts for the patient’s age and gender, TNM
stage and histology, and the presence of post-treatment macro-
scopic residual disease as important independent determinants of
thyroid cancer-specific survival (12).

MECHANISMS OF THERAPY RESISTANCE IN THYROID
CANCER
DNA REPAIR MECHANISMS
Mechanisms involved in single-stranded [base excision repair
(BER), nucleotide excision repair (NER), mismatch repair
(MMR)] and double-stranded [homologous recombination (HR),
non-homologous end-joining (NHEJ)] DNA repair significantly
affect the ability of thyroid cancer (stem) cells to counteract and
survive radio- and chemotherapy. Here, we focus on factors and
their polymorphic genotypes that are involved in specific DNA
repair pathways and have been shown to affect the incidence of
thyroid cancer.

The multistep BER pathway is the main mechanism respon-
sible for the replacement of individual DNA bases that have
been altered by alkylation, oxidation, and deamination [for
review see Ref. (14)]. The damaged base is recognized by spe-
cific DNA glycosylases like OGG1, which recognizes and excises
8-oxoguanine to generate an apurinic/apyrimidinic (AP) abasic
site. Loss of heterozygosity (LOH) of the glycosylase OGG1 is
strongly associated with papillary thyroid cancer (PTC) (15). The
apurinic/apyrimidinic endonuclease 1 (APE1) recognizes the AP
site and cleaves the phosphodiester bond at the 5′ end to yield a
3′-OH nucleotide and 5′-deoxyribose phosphate (dRp) terminus.
The 5′-dRp site is cytotoxic and conversion into an inert 3′-OH
requires lyase activity provided by BER-associated APE1, DNA
polymerase β (PolB), and stem cell nucleoprotein members high-
mobility group A1 and A2 (HMGA1/2) (16). Presence of HMGA1
and/or HMGA2 confers enhanced BER capacity and chemore-
sistance against alkylating agents onto thyroid cancer cells (16,
17). The scaffolding protein X-ray repair cross-complementing
group 1 (XRCC1) facilitates the assembly of the PolB–DNA
ligase III–PARP complex and the formation of phosphodiester
bonds to complete the BER repair of AP sites (18). Investigations
into the possible association of XRCC1 Arg399Gln, Arg280His,

and Arg194Trp polymorphisms with thyroid cancer revealed that
hetero- and homozygous XRCC1 Arg399Gln polymorphism coin-
cided with a decreased risk of DTC in the Caucasian population
and mixed population (19–22). The XRCC1 Arg280His polymor-
phism enhanced susceptibility of DTC in Caucasians but protect
against DTC in Asians (21, 23), whereas a homozygous XRCC1
Arg194Trp polymorphic genotype may increase the risk of PTC
and lymphatic metastasis (19, 20, 24, 25).

The ERCC2 DNA helicase is a member of the NER pathway and
contributes to the repair of distorted DNA regions due to bulky
DNA adducts and UV light-induced DNA damage [for review see
Ref. (26)]. The ERCC2 G23591A gene polymorphism results in
an Asp312Asn mutation in a conserved region and the A35931C
polymorphism causes a Lys751Gln substitution. Both polymor-
phisms are in linkage equilibrium and those patients homozygous
for both rare variant alleles show an increased risk for PTC but not
follicular thyroid cancer (FTC) (27).

The MMR pathway eliminates mismatched bases and incorrect
insertions/deletions as a result of faulty DNA replication. The het-
erodimer of MutS complex (MSH2 pairing with MSH6 and MSH3,
respectively) locks onto the base mismatch and recruits het-
erodimeric endonuclease MutL, composed of PMS2 and MLH1,
and the exonuclease 1 (EXO1) to remove the mismatched base.
The abasic gap is filled and ligated by DNA polymerase δ/ε and
DNA ligase, respectively (28). Higher expression of MLH1, MSH2,
and PMS1 were observed in malignant thyroid tumors than in
benign lesions (29). BRAF V600E mutations, RET/PTC rearrange-
ments, and transitions (IDH1 and NRAS) are associated with low
expression of MLH1 in thyroid cancer patients (30).

Genotoxic ionizing radiation and DNA-damaging agents can
cause double-strand breaks (DSBs). This triggers DNA DSB repair
in the form of either HR or NHEJ (31). HR uses a sister chro-
matid template and thus functions in late G2–S cell cycle phase.
HR is a highly accurate and error-free repair process [for review
see Ref. (28, 31, 32)]. Radiation-induced thyroid tumors are
the direct result of radiation-related DSBs and chromosomal
rearrangements (33–35). In the Saudi Arabian population, the
RAD52 Gln221Glu polymorphic genotype and RAD52 2259C > T
genotype, and variants thereof carrying a T allele, were reported
to have a significantly higher risk of developing thyroid cancer
(36). Two other studies identified the combinations of RAD52
2259C > T, XRCC2 R188H and XRCC3 T241M polymorphisms
(37) and RAD51 Exon1/59G > T, XRCC3 Thr241Met variant alle-
les to have predictive value for the polygenic risk of thyroid
cancer (19).

Non-homologous end-joining is a DSB repair that does not
require homologous DNA as a template and, thus, functions
throughout the cell cycle [for review see Ref. (38–40)]. The
Ku70/80 protein complex recognizes DSBs and participates in
the recruitment of DNA-dependent protein kinases. The human
pituitary tumor transforming gene (PTTG) is highly expressed in
human thyroid carcinoma and binds to and inhibits Ku70 pro-
tein. Suppression of PTTG gene expression coincides with an
up-regulation of DNA repair proteins in thyroid cancer suggest-
ing a role for PTTG in therapeutic resistance (41–45). XRCC7 is
another NHEJ factor and XRCC7 Ile3434Thr polymorphism has
recently been associated with increased incidence of DTC (46).
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ENDOPLASMIC RETICULUM STRESS, AUTOPHAGY, AND
EPITHELIAL-TO-MESENCHYMAL TRANSITION
ENDOPLASMIC RETICULUM STRESS AND EPITHELIAL MESENCHYMAL
TRANSITION
Unfolded protein response (UPR) pathways are activated to offset
the adverse effects of protein accumulation in the endoplasmic
reticulum (ER), following the induction of ER stress [reviewed
in Ref. (47)]. Activating transcription factor 6 (ATF6), inositol-
requiring protein-1 (IRE1), and PKR-like ER kinase (PERK) con-
stitute the three arms of the UPR which control specific regulatory
mechanisms to ease protein translation, regulate metabolism rate
and redox events, augment expression of protein-folding chaper-
ones, and increase the production of protein degradation enzymes
(48, 49). The first step of UPR activation includes GRP78 chap-
erone dissociation from ER membrane-spanning UPR receptor
proteins, PERK, IRE1, and ATF6 (UPR arms), to facilitate pro-
tein refolding [reviewed in Ref. (49)]. Several metabolic and
environmental cues can trigger ER stress induction and initi-
ate UPR pathways. Cancer-related impairment in UPR response
might affect the ability of cells to maintain homeostasis during
ER stress (50). Rapidly growing tumors are highly dependent on
nutrients and oxygen delivered by the tumor vasculature. Acti-
vated ER stress stimulates an adaptive UPR process and helps
cancer (stem) cells to survive. The X-box binding protein-1 (XBP-
1) has an important involvement in UPR-induced cell survival
and is induced via the IRE1 pathway of UPR (47, 51). XBP-1 is
often over-expressed in cancer cells and, importantly, increases
drug resistance by interfering with cell cycle regulation and by
down-regulating tumor apoptotic responses to anti-cancer drugs.
This makes XBP-1 an attractive cellular factor for dedifferentiation
and EMT in breast cancer cells that negatively regulates the orga-
nization of polarized epithelial cells in estrogen-dependent and
-independent breast tumors (52). Intriguingly, ER stress inducers
(thapsigargin and tunicamycin) were shown to increase XBP-
1 splicing in PC-Cl3 thyroid cells, impeding the thyroglobulin
folding process and inducing accumulation of this glycoprotein
in the ER. In the absence of apoptosis, differentiation of PC-
Cl3 cells was inhibited. ER stress inducers also down-regulated
thyroid-specific genes encoding thyroglobulin, thyroperoxidase,
thyroid transcription factors TTF-1, TTF-2, and Pax-8 in these
thyrocytes (53). This coincides with the establishment of a mes-
enchymal, stem-like phenotype consistent with EMT and included
the down-regulation of E-cadherin transcripts, the up-regulation
of mRNAs encoding vimentin, α-smooth muscle actin, the forma-
tion of actin stress fibers, and the loss of trans-epithelial resistance.
All of these EMT events in thyroid cancer cells were stimulated
with thapsigargin and tunicamycin (53). ER stressors likely facil-
itate EMT in different ways. In human kidney proximal tubular
cells, this was shown to involve the induction of GRP78, GRP94,
and phospho-eIF2α with subsequent EMT phenomenon (54).
Thapsigargin and tunicamycin can also deregulate the intracel-
lular Ca2+ metabolism, up-regulate the pleckstrin member T cell
death-associated gene 51 (TDAG51), which sensitizes human kid-
ney proximal tubular cells to mesenchymal transformation via
Wnt signaling and primes these cells for TGF-β1-induced EMT
response (54).

AUTOPHAGY AND EMT
Autophagy is considered a lysosomal degradation pathway respon-
sible for the digestion of intracellular materials and the recy-
cling of damaged cellular organelles (55, 56). Up to now, three
types of autophagy have been described; these including macro-
autophagy, micro-autophagy, and chaperone-mediated autophagy
(CMA). They differ in their physiological functions and the path-
ways involved in their degradation mechanisms. Macro-autophagy
includes a process of engulfing cellular waste in autophagosomes,
which subsequently fuse with lysosomes and form autophagolyso-
somes, whereas micro-autophagy involves the direct uptake of
cytoplasm by lysosomal membranes. CMA is considered the most
selective form of autophagy and has so far only been described in
mammalian cells. CMA involves a chaperone-guided process of
internalization of soluble proteins by lysosomes [reviewed in Ref.
(55, 57, 58)].

Physiologic basal autophagy plays an essential role in cellular
homeostasis. It enables the cells to break down long-lived pro-
teins and tightly regulates organelle turnover. Recycling of ER
and mitochondria prevents ER stress and the accumulation of
reactive oxygen and nitrogen species. During metabolic stress
conditions, autophagy is initiated to sustain cellular energy in
form of adenosine triphosphate (ATP) required for survival (59).
Selective autophagy assists cells to rid themselves of damaged
organelles, toxic protein aggregates (59), and invading microor-
ganisms [reviewed in Ref. (60, 61)]. Autophagy is induced by
an initial membrane nucleation that requires the ULK1 com-
plex, and a class III phosphoinositide 3-kinase (PI3K) com-
plex, which includes Bcl2 proteins member beclin 1 (62, 63).
The isolation membrane selects its cargo and elongates until
its edges fuse to form a double-membrane structure known
as the autophagosome. Two ubiquitin-like conjugation systems,
Atg5–Atg12 and microtubule-associated protein-1 light chain 3-
phosphatidylethanolamine (LC3-II), are essential for the elon-
gation of the isolation membrane to occur (51, 64–66). The
autophagosome matures by fusing with endosomes and lysosomes
to finally form the autophagolysosome where cargo degradation
occurs (32, 67, 68).

Autophagy plays an essential function in tumor progression,
metastasis, and the inhibition of cancer cell death (69, 70). While
EMT promotes several mechanisms facilitating tumor invasive-
ness and increased cancer cell survival under stress conditions
(71, 72), the association between EMT and autophagy in cancer
invasiveness is less clear. Autophagy is involved in the regula-
tion of epithelial plasticity (70). EMT is a form of enhanced
epithelial plasticity and known to increase therapeutic resistance
of cancer cells to cytotoxic agents and/or radiation. A strong
link has recently been demonstrated between EMT, autophagy,
stem-like characteristics, and resistance of cancer cells to cyto-
toxic T cell-induced killing, and targeting autophagy may help
avoid immune resistance in breast cancer (73). Whether cancer
(stem) cells opt for an aggressive phenotype, choose to enter
an inactive state supported by autophagy, or endure cell death
depends on the activation of different intracellular pathways and
specific changes in gene expression profiles upon external stim-
uli (74). The hedgehog signaling pathway is one example of a
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cellular signaling system balancing invasion versus autophagy.
Active hedgehog signaling promotes an aggressive phenotype (75),
while its inhibition activates autophagy (76). Another example
is the activation of 5′ adenosine monophosphate-activated pro-
tein kinase (AMPK) which reduces tumor cell invasion (77)
and induces autophagy in response to genotoxic stress (78) and
nutrient starvation (79). In hepatocarcinoma cells, the induction
of autophagy represses the expression of epithelial markers but
promotes the expression of mesenchymal markers and the acti-
vation of the TGF-β/Smad3-dependent signaling pathway (80).
Importantly, data from numerous cell systems, including thy-
roid cancer, identify autophagy as an important new player in
EMT plasticity, therapeutic resistance, and metastasis. Clearly,
the role of autophagy and ER stress/UPR responses in thyroid
(cancer) stemness is a newly emerging and exiting field with
potentially important innovation in the treatment of thyroid
cancer.

DAMAGE-ASSOCIATED PATTERN RECOGNITION IN CANCER STEM
CELLS
Damage-associated molecular patterns are a group of endoge-
nous molecules acting as danger signals to initiate cellular repair
and survival mechanisms (81, 82). Endogenous soluble mole-
cules released during cell damage, necrosis, and cell stress are
referred to as alarmins (82, 83). DAMP signaling induces an early
immune response involving the innate and adaptive immune sys-
tem, thus, initiating a “sterile inflammatory” reaction (83). In
contrast, pathogen-associated molecular patterns (PAMPs) are
exogenous danger signals derived from pathogens which activate
diverse cellular receptors of the innate immune system to initi-
ate host defense mechanisms (83). DAMPs may be exposed at
the cell surface, e.g., calreticulin (CRT) and heat shock protein 90
(HSP90), or are secreted from cells, e.g., ATP, S100A8/A9 proteins,
and high-mobility group box 1 protein (HMGB1). Secreted by
tumor cells, these factors promote tumor growth and chemoresis-
tance (81, 84–86); for a comprehensive list of DAMPs and their
receptors, see Ref. (85).

Damage-associated molecular patterns act through membrane-
anchored pattern recognition receptors (PRR) which recognize a
structural pattern rather than a specific ligand. Examples for PRR
are the NOD-like receptors (NLRs), toll-like receptors (TLRs), and
the receptor for advanced glycation end products (RAGEs) (21, 87,
88). Several PRR, in particular TLRs and RAGE, are expressed in
cancer cells and share distinct DAMP ligands such as HMGB1 and
S100 proteins (89). In leukocytes or dendritic cells, PRR signaling
results in the release of cytokines (innate immunity) or the initia-
tion of adaptive immune responses. Interestingly, several PRR such
as the TLRs recognize both PAMP and DAMP ligands (83). Also,
DAMPs can interact with PAMPs to activate several PRR (90), sug-
gesting the utilization of common cellular pathways when sensing
exogenous and endogenous dangers.

All TLRs comprise a leucine-rich repeat extracellular domain
responsible for ligand binding and a transmembrane domain
and an intracellular toll/IL-1 receptor (TIR) domain for signal
transduction. Ligand-binding results in the homo- or hetero-
dimerization of TLRs as a requirement for intracellular signaling

(87). Engaging with the intracellular TIR domains of dimer-
ized TLRs are five cytoplasmic adaptor molecules which activate
intracellular signaling, including NF-κB and MAPK pathways.
These intracellular TLR signaling adaptors are myeloid differen-
tiation factor 88 (MyD88), MyD88 adapter-like protein (MAL),
TIR domain-containing adaptor protein inducing interferon-beta
(TRIF), TRIF-related adaptor molecule (TRAM), and sterile α-
and armadillo-motif-containing protein (SARM) [reviewed in
Ref. (82, 91)]. MyD88 is used by all TLRs and was shown to have
a particular role in tumorigenesis (92).

Receptor for advanced glycation end product belongs to the
immunoglobulin-like family of transmembrane receptors (88, 93)
and is expressed in several human cancers (94). The three extra-
cellular domains of RAGE, the V-, C1-, and C2-domain, function
in ligand binding (93). The single transmembrane domain con-
nects to the short cytoplasmic tail of RAGE which interacts with
the cytoplasmic adaptor molecule diaphanous-1 (Dia-1) (95) and
with toll-interleukin 1 receptor domain-containing adaptor pro-
tein (TIRAP) and MyD88; the latter two are also adapters for TLR
2 and 4 (96). Depending on the ligand and cell context, activated
RAGE can signal through multiple signaling pathways, including
extracellular ERK1/2, p38 MAP kinase, Cdc42/Rac-1, c-Jun-NH2-
terminal kinase/stress-activated protein kinase (JNK/SAPK). This
finally results in the activation of NF-κB and the induction of pro-
inflammatory and pro-migratory responses (97). RAGE ligands
include HMGB1, S100/calgranulin proteins, advanced glycation
end products (AGEs), and amyloid β proteins (98). RAGE sig-
naling can be modified by soluble RAGE species. Endogenously
produced soluble RAGE splice variant (esRAGE), unable to insert
into the membrane, is secreted from cells and acts as a decoy for
RAGE ligands (88). Cleavage of the extracellular domains by a
disintegrin and metalloproteinase 10 (ADAM10) releases soluble
RAGE which can also act as scavenger for ligands (99). Unfortu-
nately, soluble RAGE species are not reliable clinical predictors of
outcome in cancer or inflammatory diseases (88). Ligand binding
to RAGE induces RAGE expression in a positive feedback loop
and promotes clustering of RAGE at the cell surface leading to
sustained RAGE signaling by multimeric ligands (97, 100, 101).
In the thyroid gland, RAGE is not expressed in normal follicu-
lar epithelial cells, but its expression is up-regulated in thyroid
epithelial cells of follicular adenoma and thyroid carcinoma (102)
suggesting that hyperactive and neoplastic thyroid cells respond
to DAMPs.

Utilizing HMGB1 as an example, we demonstrate how DAMP–
PRR signaling can influence tumorigenesis and stem cell func-
tions. HMGB1 is a non-histone DNA-binding protein of the
high-mobility group protein family and is composed of two DNA-
binding HMG-box motives and an acidic C-terminus. Originally
described as an exclusively nuclear protein involved in the modu-
lation of gene transcription and chromosomal stability, HMGB1 is
now known to have a cytoplasmic role in regulating autophagy, cell
survival, and EMT (103). HMGB1 is passively released from dead
or injured cells and actively secreted from immune cells and cancer
cells in response to cellular stress signals (83, 103). HMGB1 secre-
tion is modulated by various post-translational modifications and
by secondary messengers such as cytosolic calcium, nitric oxide,
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and reactive oxygen species (ROS) (103). Extracellular HMGB1
binds to several receptors, including TLR2, TLR4, and RAGE
(89), to promote cell migration, proliferation, and differentiation.
Secreted HMGB1 functions in the repair of tissue damage and
chronic inflammation and leads to increased tumor growth and
metastasis, promotes angiogenesis, regulates vascular remodeling,
and enhances stem cell renewal (88, 89, 104). The influence of
HMGB1 on stem/progenitor cells is mediated via RAGE and TLRs
and results in enhanced stem cell functions (104–106).

HMGB1–RAGE–NF-κB signaling promotes neuronal stem cell
proliferation/differentiation (107) and enhances xenograft metas-
tasis via EMT and the activation of MAPK pathways (108).
Astrocyte-derived HMGB1 enhances stem cell recruitment in the
brain during stroke recovery (109, 110). HMGB1–TLR2 signal-
ing via signal transducer and activator of transcription factor 3
(STAT3) and Smad3 activation enhances breast cancer stem cell
self-renewal and increases breast cancer metastasis (104). HMGB1
aids in the recruitment of endothelial precursor cells (EPC)
using RAGE (111) and TLR2/TLR4 in c-kit-positive EPC (112),
thus, contributing to tissue repair and tumor growth. In PTC,
the HMGB1–RAGE interaction increases the expression of the
microRNAs miR221 and miR222 and promotes PTC cell growth
and motility by inhibiting the cell cycle regulator p27kip1 (113).

The role of TLR in cancer is not fully understood. TLR recep-
tor activation by PAMPs and distinct endogenous (DAMPs) signals
has been associated with either tumor promoting or anti-tumor
activities in human cancers (114, 115). Very little information
exists on the function of DAMP–PRR interactions in the thyroid
gland and in thyroid cancer (stem) cells. Normal human and rat
thyroid cells express TLR 2 and TR4. Activation of TLR in the rat
thyroid cell line FRTL-5 induces NF-κB activation and secretion
of the pro-inflammatory cytokines interferon-beta (IFN-β), indi-
cating that the thyroid gland is capable of responding to DAMPs
and PAMPs with the initiation of “sterile inflammatory responses”
to promote proliferation and angiogenesis in the thyroid (116).
In FTC, TLR4 was localized to inflammatory tissue regions sur-
rounding the tumor and TLR4 expression was associated with
metastasis in FTC patients (117). TLR10 polymorphism has been
associated with increased tumor size in patients with PTC (118). In
mouse breast progenitor cells, PAMP ligands of TLR4 enhance cell
proliferation and mammosphere growth (119), whereas similar
activity in intestinal stem cells induces a p53-dependent apoptosis
(120). Also, flagellin–TLR5 signaling in human breast cancer cells
reduces cell proliferation and anchorage-independent growth in
human breast cancer xenografts (121). TLR4 activation was shown
to suppress TGF-beta signaling and promote chemoresistance in
tumor-initiating cells of virus-induced hepatocellular carcinoma
(21). Cancer stem cells may respond to DAMPs differently from
normal stem cells and the nature of the ligand affects the cellular
responses to PRR activation.

In summary, cross talk between different PRR, the activation of
several PRR by the same DAMP, and the response of one PRR to
more than one DAMP altogether suggest that cellular responses to
DAMPs are: (i) (stem) cell-type and tissue-specific, (ii) influenced
by the nature of the cellular stresses, and (iii) affected by the spa-
tial and temporal distribution and concentration of DAMPs. It is
intriguing to speculate that the complex DAMP–PRR system with

its functional roles in cell plasticity, autophagy, and cellular stress
control represents an important and as yet under-valued novel
topic in stem cell research and a potentially lucrative therapeutic
target to manipulate cancer stem cell functions.

HIGH-MOBILITY GROUP A2: A LINK BETWEEN STEMNESS,
EMT, AND CHEMORESISTANCE
The low molecular weight HMGA2, formerly named HMGI-C,
is a member of the HMGA family of non-histone nuclear pro-
tein, which also includes HMGA1 and its splice forms. Structural
analysis of HMGA2 revealed three DNA-binding domains, called
AT-hook motifs, which facilitate binding to AT-rich regions of the
minor groove of B-form DNA (122, 123). Blockage of HMGA2
can prevent the transformation of rat thyroid cells by murine
retroviruses (124). HMGA2 is a marker of stem cells, absent in
most adult tissues, and re-expressed in many cancer (stem) cells
(125–129). HMGA2 binds to the AT-rich G-bands in the chromo-
somes and to centromeres and telomeres of metaphase prepa-
rations (130). Chromosomal rearrangements of both HMGA1
and HMGA2 proteins have been correlated with neoplastic trans-
formation. HMGA2 overexpression, dysregulation, or trunca-
tion has been linked to benign and malignant tumors. This
includes benign mesenchymal tumors (131), uterine leiomy-
omata (127, 132), pituitary adenoma (132), human prolactin-
oma (133), pancreatic cancer (134, 135), retinoblastoma (136),
embryonic rhabdomyosarcoma (80), chondrosarcoma (137), lung
cancer (138), and hepatocellular carcinoma (104). In thyroid
cancer, elevated levels of HMGA2 are considered a molecular
marker to distinguish benign and malignant thyroid neoplasms
(139, 140).

PROTECTIVE ROLES OF HMGA2
Multifunctional HMGA1 and 2 are localized in the nucleus and
regulate transcriptional genes activity, DNA replication, and DNA
repair (141). HMGA2 is a new member of the BER protein
complex and interacts with human AP endonuclease 1 (APE1)
to promote chemoresistance in cancer cells, including human
undifferentiated thyroid cancer cells (16). HMGA1 and 2 serve
as substrate for the phosphatidylinositol 3-kinase-related kinase
(PIKK) family member ataxia telangiectasia mutated (ATM) and
downstream checkpoint kinase 2 (CHK2) which are important
for DNA damage signaling. Upon exposure to genotoxicants,
increased HMGA1/2 expression correlates with increased ATM
expression levels and enhanced cellular DNA damage response
(142, 143). HMGA2 also interacts with ataxia telangiectasia and
Rad3-related kinase (ATR) and HMGA2-mediated activation of
the ATR–checkpoint kinase 1 (CHK1) signaling pathway with
resulting G2/M arrest increases chemoresistance against BER-
inducing genotoxic alkylating agents in human thyroid and other
cancer cells (17). Recently, we showed that HMGA2 plays an
important novel role in protecting the integrity and functionality
of arrested replication forks in cancer cells. HMGA2 preferen-
tially binds with higher affinity to DNA Y- (replication fork) and
X- (Holliday junctions) structures typically observed at replica-
tion forks (45). Binding of HMGA2 to these DNA conformations
protected stalled replication forks from endonuclease digestion
and conferred a survival advantage onto HMGA2+ cancer cells,
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including thyroid cancer cells, when exposed to chemothera-
peutics such as hydroxyurea used in the treatment of cancer
patients (45).

HMGA2 IN STEMNESS AND EMT
Cancer initiating cells (CIC) evade cell death and attenuate the
cytotoxic effects of radio- and chemotherapy by modulating DNA
damage repair mechanisms to promote therapeutic resistance and
tumor recurrence (80, 144). The Lin28–HMGA2–let-7 axis plays a
significant role in promoting EMT, tissue invasion/metastasis, and
therapeutic resistance in cancer cells (21). Ectopically expressed of
the microRNA binding protein, Lin28 down-regulates the miR let-
7 which attenuates the inhibitory let-7-mediated association with
the 3′ untranslated region of HMGA2 mRNA, resulting in the
up-regulation of HMGA2 protein (145). Presence of HMGA2 in
retinoblastoma and pancreatic cancer cells was shown to enhance
cell proliferation and increase stemness (135, 136). HMGA2 also
has a key role in maintaining high self-renewing capacity in
hematopoietic stem cells and this involves the inhibition of the
micro RNA let-7 by Lin28 (146). Let-7 suppresses both H-Ras
and HMGA2 and this causes reduced proliferation and differen-
tiation of breast CIC (44). In addition to the phenotypic and/or
cell surface markers like CD133, CD34, CD90, SOX2, OCT4, and
NANOG, functional markers such as the aldehyde dehydrogenase
(ALDH) activity also determine the stemness in a cancer sub-
population. The inhibition of ALDH activity reduces stemness and
sensitizes CIC to cytotoxic insult (80). Cellular levels of HMGA2
directly correlate with ALDH activity in breast cancer and con-
tribute to tumor migration and resistance toward DNA-damaging
agents (21). HMGA2 is found at the invasive front of the tumor to
promote tissue invasion and tumor recurrence following therapy
(147). HMGA2-induced EMT is promoted by TGF-β signaling
(147) and the pro-inflammatory cytokine oncostatin M (OSM)
(148) which signal via the STAT3 (148), the Ras/MAPK signal-
ing pathway (135), and Twist and Snail, the two key regulators of
EMT and major contributors to metastasis and tumor recurrence
(104, 149). Suppression of Lin28 or HMGA2 increases let-7 and
this reverses EMT and affects the level of therapeutic resistance.
HMGA2+ cancer cells were shown to exhibit resistance against 4
of 11 anti-cancer drugs tested (128).

In conclusion, cancer (stem) cells capable of utilizing HMG
proteins to enhance DNA repair mechanisms in response to
DNA-damaging drugs are likely contributing to therapeutic resis-
tance to anti-cancer treatments in metastatic or recurrent cancers.
Modulation of the EMT, ER stress, and autophagy regulation in
cancer (stem) cells serves as important survival strategy in avoid-
ing apoptosis under nutritional or oxygen deprivation. Similarly,
DAMP signaling via several PRR may serve as another tumor sur-
vival response by controlling cell proliferation, inflammatory, and
autophagy responses in cancer (stem) cells.
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