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[bookmark: _Hlk531544327]ABSTRACT

Thyroid nodules and cancer are common in elderly patients and demonstrate age-specific prevalence, malignancy risk, and clinical behavior. Improved risk stratification by ultrasound characteristics and molecular testing of thyroid nodules has reduced the need for diagnostic surgery. Surgery, radioactive iodine ablation, and thyroid hormone suppression remain the cornerstones of differentiated thyroid cancer treatment. Co-morbid conditions and patient preference should inform management of these entities in the elderly, with particular attention to the risks of surgery and medication adverse effects. The mechanisms underlying the distinct clinical behavior of thyroid cancer found in older patients, including the drivers of more advanced stage at presentation, higher recurrence risk, and greater mortality, remain poorly understood. Patients with advanced thyroid cancer may benefit from recently developed chemotherapy and immunotherapy. 

THYROID NODULES IN THE ELDERLY

Thyroid nodules are common in clinical practice and present unique management issues in elderly patients. The reported prevalence of thyroid nodules in iodine sufficient regions is 1-6 % as detected by palpation, or as high as 19-68% when detected by ultrasound imaging (1-5). Evaluation of thyroid nodules is increasingly a concern for general internists and endocrinologists due to several factors, including an aging population, increased use of imaging in clinical practice, and rising obesity. 

Thyroid nodules are more frequent in elderly patients, with a linear increase with age in both the presence of nodules and the absolute number of nodules per patient (6). Approximately 50% of individuals aged 65 years have thyroid nodules detected by ultrasonography (7). A cross-sectional survey of asymptomatic adults in Germany using ultrasonography to detect thyroid nodules demonstrated an even higher prevalence of 80% in women and 74% in men over 60 years old (4). In a prospective study of 6,391 patients referred for thyroid nodules at a large academic center, Kwong et al. showed a linear increase in the number of thyroid nodules per patient with age, rising from an average of 1.55 nodules ≥1 cm in patients age 20–29 years old to a mean of 2.21 nodules ≥1 cm in patients ≥70 years old, demonstrating a 1.6% annual increased risk for multinodularity (6).

Another potential contributor to this rising prevalence of thyroid nodules is the increased use of high-frequency ultrasound, CT, and MR imaging in routine clinical care, leading to the detection of asymptomatic, or incidental, thyroid nodules (4,5,7,8). Lastly, changes in population demographics over time, specifically increased rates of obesity, may contribute. Data from several ethnically diverse cohorts has identified parameters independently associated with the development of thyroid nodules, including obesity, female sex, radiation exposure, iodine deficiency, and smoking. These should be noted when evaluating elderly patients for potential thyroid nodules (9). 

Once identified, thyroid nodules should be evaluated to determine appropriate management. The differential diagnosis of thyroid nodularity includes benign and malignant solitary nodules, multinodular goiter, autonomous functioning nodules, cysts, and inflammation or thyroiditis (10). Nodules causing thyroid dysfunction, compressive symptoms, or harboring malignancy require attention. 

In the presence of biochemical or clinical signs of hyperthyroidism, a radioiodine uptake and scan should be pursued to distinguish autonomous nodules. Adjunctive data to support a diagnosis of inflammation or autoimmune destruction may include thyroid autoantibodies [anti-thyroid peroxidase (TPO) and anti-thyroglobulin (Tg)]; the presence of thyroid stimulating immunoglobulins can suggest a diagnosis of Graves’ disease in the presence of goiter (11). 

Nodules without associated thyroid function abnormalities should be further evaluated to determine or exclude the presence of cancer. Guidelines from the American Thyroid Association were recently updated and summarize the management of non-functional thyroid nodules based upon imaging and patient characteristics (12). A general approach to evaluation of thyroid nodules is shown in Figure 1.
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Figure 1. Evaluation of a Thyroid Nodule. Hot nodules refer to autonomous, hyperfunctioning thyroid follicular tissue producing thyroid hormone excess. Cold nodules refer to nodules without autonomous production of thyroid hormone.

Briefly, solid, hypoechoic thyroid nodules with suspicious ultrasound features (i.e. irregular margins, microcalcifications, taller than wide shape, rim calcifications, or evidence of extrathyroidal extension) have a high risk of malignancy (70-90%) and should be biopsied when 1 cm in largest diameter. Solid, hypoechoic nodules without high risk features on imaging, still portend a 10-20% risk of malignancy and should similarly be biopsied when size 1 cm. Isoechoic or hyperechoic, solid nodules without microcalcification, irregular margin, extrathyroidal extension or taller than wide shape are recommended to biopsy when 1.5 cm, with a 5-10% risk of malignancy. Spongiform or partially cystic nodules absent the above suspicious features, may be followed by imaging surveillance or biopsied if 2 cm. The associated risk of malignancy with such lesions is low (<3%). Purely cystic nodules seen on ultrasound do not warrant biopsy given the exceedingly low risk of malignancy (<1%) (12). A summary of thyroid nodule ultrasound characteristics and their relation to malignancy risk is shown in Table 1. 

	Table 1. Ultrasound Features of Thyroid Nodules and Associated Malignancy Risk

	Ultrasound Imaging Features

	- Cyst
	- Spongiform 
- Partially cystic 
- No suspicious features
	- Hyperechoic and isoechoic solid nodule
- Partially cystic with eccentric solid area
- No calcifications or comet tail artifact
	- Hypoechoic solid and regular margins
- Macro-calcifications
	- Micro-calcifications or Interrupted rim calcifications
- Lobulated or irregular margins 
- Extrathyroidal extension/invasion 
- Taller than wide shape

	Estimated Risk of Nodule Malignancy

	<1%
	<3%
	5-10%
	10-20%
	>70-90%

	Benign
	Very low suspicion
	Low suspicion

	Intermediate suspicion
	High suspicion




Fine needle aspiration (FNA) biopsy is the recommended modality for sampling thyroid nodules. Cytology specimens collected by FNA are classified traditionally by the Bethesda System for Reporting Thyroid Cytopathology (13) across six categories: (i) non-diagnostic or unsatisfactory; (ii) benign; (iii) atypia of undetermined significance (AUS) or follicular lesion of undetermined significance (FLUS); (iv) follicular neoplasm or suspicious for a follicular neoplasm; (v) suspicious for malignancy; and (vi) malignant. The risk of malignancy determined by surgical pathology is estimated across each category and used to guide decisions about continued clinical observation or treatment with surgical resection (13), summarized in Table 2. 

	Table 2. Bethesda System for Reporting Thyroid Cytopathology and Associated Estimated Risk of Malignancy.

	Bethesda category
	Cytopathology
	Cytologic descriptions
	Malignancy risk
- Cancer  NIFTP
- Cancer  NIFTP
	Typical management

	I
	Non-diagnostic
	Acellular specimen
Cyst fluid only
Obscuring factors 
	- 5-10%
- 5-10%
	Repeat FNA

	II
	Benign
	Benign follicular nodule
Chronic lymphocytic thyroiditis
Granulomatous thyroiditis
	- 0-3%
- 0-3%
	Clinical and ultrasound follow-up

	III
	Atypia of undetermined significance (AUS) or follicular lesion
of undetermined significance (FLUS)
	Atypia: Cytologic (focal nuclear changes, extensive but mild nuclear changes, atypical cyst lining cells, or ‘‘histiocytoid’’ cells) and/or architectural (predominantly microfollicles, sparsely cellular); Hurthle cells
	- 6-18%
- 10-30%
	Repeat FNA, molecular testing, or lobectomy

	IV
	Follicular neoplasm or suspicious for a follicular neoplasm
	Follicular-patterned cases with mild nuclear changes (increased nuclear size, nuclear contour irregularity, and/or chromatin clearing), and lacking true papillae and intranuclear pseudo-inclusions 
	- 10-40%
- 25-40%
	Repeat FNA, molecular testing, lobectomy

	V
	Suspicious for malignancy
	Features suspicious for PTC, MTC, lymphoma, or other malignancy
	- 45-60%
- 50-75%
	Total thyroidectomy   or lobectomy

	VI
	Malignant
	Features conclusive for malignancy:
- PTC (true papillae, psammoma bodies, nuclear pseudo-inclusions)
- MTC
- Poorly differentiated / ATC
- Non-endocrine malignancy (squamous cell, lymphoma, metastatic)
	- 94-96%
- 97-99%
	Total thyroidectomy   or lobectomy for thyroid cancers


PTC, papillary thyroid carcinoma. MTC, medullary thyroid cancer. ATC, anaplastic thyroid cancer. NIFTP, noninvasive follicular thyroid neoplasm with papillary-like nuclear features.

In situations of non-diagnostic FNA results or indeterminate cytology (i.e., Bethesda iii or iv), repeat FNA biopsy is recommended. Additionally, three molecular tests for cancer risk stratification are presently available. The ThyroSeq assay (University of Pittsburgh Medical Center and CBL PATH, Pittsburgh, PA) detects the presence of high-risk cancer mutations and was developed as a rule-in test for thyroid cancer (14). An independent evaluation of ThyroSeq v2 performance in a series of indeterminate nodules calculated a sensitivity of 70% and a specificity of 77%, somewhat decreased from the originally reported 90% and 93%, with a positive predictive value (PPV) of 42% and a negative predictive value (NPV) of 91% (14,15). Performance data for ThyroSeq v3, a revised version of the molecular test incorporating 112 genes associated with thyroid cancer, was recently published by Nikiforov et al. with a reported sensitivity of 98% and specificity of 81% for detection of thyroid cancer from FNA samples (16). The Afirma gene expression classifier (GEC) assay (Veracyte, San Francisco, CA, USA) analyzed the expression pattern of mRNA in cytology specimens to classify them as benign or suspicious and was designed as a rule-out test for cancer. The original Afirma GEC had a reported NPV of 94–95% and a PPV of 37–38% (17,18). The next iteration of this test was approved in 2018 as the Afirma gene sequence classifier (GSC) and includes detection of thyroid cancer-associated mutations with a reportedly improved specificity for thyroid cancer (NPV 95%, PPV 47%) (19). Lastly, the combined ThyraMIR microRNA Classifier and ThyGenX Oncogene Panel (Interpace Diagnostics, Parsippany, NJ) is a cancer rule-in test that uses multiplex PCR to identify cancer-associated gene mutations and translocations, done in tandem with evaluation of microRNA expression. The test estimated NPV and PPV are 94% and 74%, respectively (20). As molecular testing continues to evolve, clinicians and patients will have additional tools to aid in treatment decisions. 

Judicious use of FNA biopsy, improved stratification of nodule cancer risk by ultrasound characteristics, and molecular testing have improved pre-operative determination of malignancy risk in patients with thyroid nodules and reduced the need for diagnostic surgery. However, a significant number of patients who undergo thyroid nodule resection for suspicious nodules are still ultimately found to have benign lesions on surgical histopathology. Particularly in elderly patients with a greater burden of co-morbid medical disease, the risk of unnecessary thyroid surgery is an important consideration. 

Several recent studies have specifically addressed thyroid cancer risk and nodule management across the age spectrum. Kwong et al. (6) reported the rate of malignancy in a cohort of 6,391 patients referred to a large academic center who underwent thyroid ultrasound and FNA of 12,115 nodules (all ≥1 cm). With advancing age, the prevalence of clinically relevant (>1 cm) thyroid nodules increased, whereas the risk that such nodules were malignant decreased. For patients ages 20–29, 30–39, 40–49, 50–59, 60–69, and >70 years, the cancer prevalence was 22.9, 21.8, 17.1, 13.0, 13.7, and 12.6%, respectively (p<0.001). When the malignancy rate was analyzed “per-nodule,” the youngest cohort (20–29 years) demonstrated a 14.8% malignant risk per nodule at diagnosis in comparison to 5.6% in the oldest cohort (>70 y; p<0.01). Between the ages of 20 and 60 years, each advancing year was associated with a 2.2% reduction in the relative risk that any newly evaluated thyroid nodule was malignant (OR 0.972; p<0.001), and this risk of malignancy stabilized after age 60 years. However, this study also found that despite a lower likelihood of malignancy for nodules in elderly patients, these cancers were more likely to have aggressive phenotypes (6).

Further addressing the burden and risk of thyroid nodule evaluation in older patients, Angell and colleagues recently analyzed a large cohort of elderly patients (age 70 years and older) who underwent thyroid nodule evaluation over a 20-year period (21). In this study, 1,129 patients over the age of 70 years with 2,527 nodules ≥1 cm were evaluated. Thyroid cancer-specific mortality was observed in 8% of thyroid cancer patients. All such patients could be recognized during initial evaluation based on the presence of invasive tumor, extensive lymph node metastases, or distant metastases. While FNA was a safe procedure in this age-group and a benign result was obtained in two-thirds of samples, FNA led to surgery in 208 patients, of whom 93 (44.7%) had benign histopathology. These data suggest that while an identifiable group of older patients are at risk for mortality from thyroid cancer warranting aggressive treatment, many patients ≥70 years old derive little benefit or are even harmed by thyroid nodule therapy. 

[bookmark: _Hlk531544438]DIFFERENTIATED THYROID CANCER IN THE ELDERLY

While thyroid nodules are relatively common in elderly patients and the vast majority are benign (21), thyroid cancer is identified in a subset. Patients and their families are often concerned about the implications of this diagnosis and disease outcomes. Several subtypes of thyroid cancer are frequently encountered and increasing information about the underlying biology of these malignancies is now available. Most thyroid cancers are identified incidentally on imaging rather than by palpation on physical examination. Rarely, symptoms of thyroid cancer can include lymphadenopathy, hoarseness from laryngeal nerve involvement, dysphagia, airway compression from mass effect, or pain; when present, these symptoms portend more advanced disease and worse clinical prognosis (22,23). When thyroid cancer is identified, a combination of surgical, radioactive iodine and surveillance strategies are employed and tailored to the individual patient and disease characteristics. 

Incidence and Prevalence of Thyroid Cancer

Thyroid cancer accounts for 3.1% of all new cancers, but only 0.3% of cancer deaths, in the United States annually (24). In 2018, there were an estimated 53,990 new cases of thyroid cancer and over 750,000 people living with thyroid cancer (24). In the general population, the peak occurrence is between ages 51 and 60 years (25). Thyroid cancer is more common in women than men and among those with a family history of thyroid disease (24). 

The incidence of thyroid cancer has risen over time, with an approximately two-fold increase between 1973 and 2002. Notably, small (<2 cm) papillary thyroid cancers account for the majority of this increase (26), and despite a much higher incidence, thyroid cancer mortality has only increased slightly (27), likely reflecting greater detection of early disease associated with a good prognosis. Debate exists whether the increased detection by high resolution imaging alone has simply identified more incidental thyroid cancers or whether a true increase in the incidence in these cancers is occurring over the past several decades (26-28). 

With more thyroid cancers being diagnosed, particularly when they may be of limited mortality significance, clinicians must be well-versed in the management options and the particular risks and benefits anticipated for elderly patients. 

Classification of Thyroid Cancer

Thyroid follicular cell-derived cancer is subdivided into several histopathologic types: papillary thyroid carcinoma (PTC), follicular thyroid carcinoma (FTC), Hurthle cell carcinoma (HCC), and poorly differentiated or anaplastic thyroid cancer (29-31). Other malignancies encountered in the thyroid include medullary thyroid cancer arising from thyroid gland C-cells, lymphoma, and secondary metastasis of other primary cancers. 

Papillary thyroid cancer (PTC) is the most common type of differentiated thyroid cancer (DTC) accounting for approximately 80 to 85% of all cases (24,29-31). It has a bimodal frequency, with the peak incidence being in the third and sixth decades, and it affects women three times more often than men. These carcinomas arise from the thyroid follicular cells and frequently harbor BRAF V600E mutations, produce thyroglobulin, and express the sodium-iodide symporter (NIS) with resultant radio-iodine avidity (29). A history of radiation exposure increases the risk of PTC (32-34). PTC frequently spreads via the lymphatics to the regional lymph nodes, and bilateral involvement is present in approximately one-third of the cases at diagnosis. In rare cases, metastatic disease occurs in the lungs, brain, and bone (29).

Micropapillary thyroid cancer, defined as a PTC less than 1 cm in diameter and confined to the thyroid, is likely to be of minimal clinical significance (35). A prospective, observation study of papillary thyroid microcarcinoma in Japan, found that patients less than age 40 progressed to clinical disease, (defined as significant growth, size >1.2 cm, or lymph node metastases), in contrast to those over age 60, whose disease remained static (36), suggesting that in most elderly patients these lesions can be safely observed.

Follicular thyroid cancer (FTC) is the second most common type of DTC and constitutes approximately 10 to 15% of all thyroid cancers (24,29,30). Risk factors include iodine deficiency and female sex (24,37,38). Compared to PTC, FTC less often has cervical lymph node spread but shows a predilection for vascular invasion and distant metastasis (39). Mutations of RAS, an activator of the mitogen-activated protein kinase and PI3K-AKT pathways, and rearrangements of PPAR-γ (e.g. PAX8-PPAR-γ translocation) have been implicated in the tumorigenesis of follicular adenomas and FTC (39,40).

Hurthle cell carcinomas (HCCs) account for 5% of DTC and are characterized by an abundance of dysfunctional mitochondria (>75% of cell volume) and tendency for vascular invasion (41,42). These malignancies are more often radio-iodine refractory and aggressive in clinical behavior. Unique genetic drivers of HCC have recently been reported, namely widespread loss of heterozygosity, a high burden of disruptive mutations to protein-coding and tRNA-encoding regions of the mitochondrial genome, and recurrent mutations in DAXX, TP53, NF1, CDKN1A, ARHGAP35, TERT promoter, and the RTK/RAS/AKT/ mTOR pathway (43,44).

Anaplastic thyroid cancer and medullary thyroid cancer are discussed separately. 

Variation in Histopathology and Tumor Extent by Age

Several studies have shown variance in histopathology distribution with rising age. Lin et al. (45) conducted a retrospective analysis of 204 thyroid cancer patients aged 60 years and older; 142 (70%) thyroid cancers were well differentiated and of those 68% were PTC, 30% FTC, and 2% Hurthle cell carcinoma. Fifty-nine (29%) of the thyroid cancers were poorly differentiated (39 anaplastic thyroid, 9 metastatic cancers to the thyroid, 7 lymphoma, 4 squamous cell carcinomas, and 4 without enough cells for interpretation) and 3 (2%) were medullary thyroid cancer. This pattern is significant for fewer PTC and more FTC in elderly patients, as well as more poorly-differentiated tumors.

Girardi et al. conducted a retrospective study of thyroid cancer in 596 adults from 2000-2010; their results similarly showed a lower frequency of PTC among elderly patients, with a complementary increase in the frequency of FTC, poorly differentiated and anaplastic thyroid carcinoma (25). This study also demonstrated variability in other presenting features of thyroid cancer in elderly patients (age  65 years) compared to middle-aged cohorts (25-44 years or 45-64 years); specifically, there was larger primary tumor size (median 2.1 cm for elderly versus 1.5 cm in 25-44 years and 1.1 cm in 45-64 years) and higher rates of extra-thyroidal disease (mean 43% for elderly versus 25.3% in 25-44 years and 28.6% in 45-64 years) (25). Lymph node metastasis was greatest at the extremes of age (<24 and >70 years). 

Another retrospective analysis of 1,022 patients undergoing thyroidectomy reported by Payne et al. showed that well-differentiated thyroid cancer (i.e., PTC and FTC), and lymph node metastasis occurred more often in patients younger than 50 years, whereas micropapillary carcinoma was more common in patients 50 years or older (46). Chereau et al. evaluated histopathology and extent of disease at diagnosis in elderly (65-75 years old) and very elderly (>75 years old) patients compared to younger patients in 3,835 patients treated at an academic center from 1978 to 2014 (47). These data were notable for significantly increased primary tumor size, tumor number, extra-capsular invasion, advanced TNM stage, and lymph node and distant metastasis in the very old group (47). Collectively these studies show a pattern of more widespread disease at presentation in elderly patients and a relative increase in the frequency of more aggressive histologic subtypes. 

Relation of Age to Mortality and Risk of Recurrence

Numerous studies have demonstrated increased recurrence and mortality in thyroid cancer with rising age (48-53). Indeed, age is incorporated into current clinical staging systems for differentiated thyroid cancer, including the American Joint Committee on Cancer (AJCC) 8th edition (54); Metastasis, Age, Completeness of resection, Invasion, Size (MACIS) model (55); Age, Grade, Extent, Size (AGES) score; and the Age, Metastasis, Extent, Size (AMES) score (56). In all of these staging systems, advanced age is included as a risk factor predicting worse prognosis. 

Historic studies by Halnan (57) and Cady et al. (58) established a positive correlation between advanced age and worse prognosis in patients with DTC, later corroborated by Ito et al. (59) in a study of 1,740 patients with PTC and by Sugino et al. (60) in 134 patients with FTC. In many of these studies, worse prognosis has been defined variably as recurrence, decreased disease- or metastasis-free survival, cause-specific mortality, and/or overall mortality. Other reports have shown that the presence of lymph node involvement and extrathyroidal extension may portend a more ominous outcome in older compared to younger patients (58,61-63). Extrathyroidal disease in older patients increased recurrence to 67% and death rates to 60% compared to those with intrathyroidal disease, while in younger patients the relative increases were 12% and 4%, respectively (58). Additionally, the risk of death with distant metastasis is greater in older compared to younger patients (96% versus 63%) (58). 

Recently, this well-accepted tenet of thyroid cancer has been modified in two important ways, namely that age likely modifies prognosis in a continuous rather than dichotomous manner and that age itself may not be as relevant to thyroid cancer behavior as the accompanying changes in accumulated cell mutations, immune senescence, and hormone changes that accompany it (64). 

With the 8th edition of AJCC staging for differentiated thyroid cancer, the age threshold for increased risk was raised from 45 to 55 years, based upon several reports suggesting that this increased validity for staging (65,66). More recent data suggest that thyroid cancer mortality and recurrence prediction is more robust when age is modeled as a continuous variable, leading some to suggest the elimination of a specific age cutoff from staging completely (64). 

In a study of 3,664 patients with differentiated thyroid cancer, Ganly et al. found that disease-specific mortality increased progressively with advancing age, without a threshold age (53). Similarly, evaluation of over 30,000 patients in the Surveillance, Epidemiology, and End Result (SEER) database by Orosco et al. demonstrated a linear association with age and thyroid cancer death (52). 

A recent review by Haymart et al. summarizes possible biologic mechanisms underlying the clinical observations of worse thyroid cancer prognosis in the elderly (50). Briefly, mortality findings may be confounded by greater comorbid nonthyroidal diseases with older age. Higher baseline levels of thyroid-stimulating hormone (TSH) may accelerate tumor cell growth via stimulation of the TSH-receptor. If one presumes that thyroid cancers detected in elderly patients have had a longer time of subclinical growth and evolution compared to cancers detected in younger patients, then such tumors might have had greater opportunity to acquire genetic mutations facilitating cell cycle escape, loss of differentiated features (e.g. loss of sodium-iodine symporter and radioiodine avidity), and metastasis. In summary, there is significant observational evidence that older patients with thyroid cancer have worse clinical outcomes, though the precise effect of increasing age and the etiology of this distinct clinical behavior remain incompletely understood. 

Treatment of Differentiated Thyroid Cancer

[bookmark: _Hlk531537537]The cornerstones of therapy for differentiated thyroid cancer are surgical resection, radioactive iodine ablation, and thyroid hormone suppression of TSH. Serum thyroglobulin trends and follow-up neck ultrasound imaging are used for monitoring patients over time. Patients with progressive or metastatic disease may benefit from repeat surgery, radioactive iodine ablation (RAIA), or chemotherapy (12). A general approach to the treatment of differentiated thyroid cancers is presented in Figure 2. Management will be influenced by patient characteristics, such as age and comorbid conditions, as noted in the figure. 
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Figure 2. Treatment of Differentiated Thyroid Cancers. RAI, radioactive iodine. TSH, thyroid stimulating hormone. VEGFR, vascular endothelial growth factor receptor. TKI, tyrosine kinase inhibitor

SURGERY 

Patients diagnosed with DTC by FNA, should be referred to a surgeon for thyroid resection. The decisions to pursue surgery and the extent of surgery (i.e. total thyroidectomy versus lobectomy) in an elderly patient require individual evaluation of co-morbid illnesses and life expectancy.

The most common complications of thyroidectomy include hypoparathyroidism, recurrent laryngeal nerve injury, hematoma, and wound infection; high-volume thyroid surgeons have minimal to no increase in the risk of surgical complications with increasing age (67,68-72). However, elderly patients are more likely to receive thyroidectomy at community and low-volume sites (73) where the rate of surgical complications may be higher. In population-based studies of thyroidectomy, which may reflect more accurately the experience of many elderly patients, increasing age is associated with longer hospital length of stay (73) and readmissions after thyroidectomy (74). 

In the cohort of elderly and very elderly patients studied by Chereau et al. (47), the authors found no increase in thyroidectomy-specific complications (i.e. permanent hypocalcemia and recurrent laryngeal nerve palsy) with increasing age, but did find an increase in medical complications surrounding surgery, 2.3-2.7% in those over 65 years of age compared to 0.6% in those under 65 years old. 

Lobectomy, a more limited surgery, may be considered in select patients with multiple co-morbid conditions and low-risk disease (tumors <2 cm) (12,67). On the other hand, elderly patients more often have aggressive disease features on surgical pathology and higher rates of local recurrence requiring re-operation, potentially arguing for a total thyroidectomy (70). 

RADIOACTIVE IODINE ABLATION

Based upon the extent of primary disease noted on surgical pathology (i.e. tumor size, histologic subtype, extrathyroidal extension, lymph node and vascular spread, and the presence of distant metastasis), a risk of recurrence and recommendation for RAIA with I131 can be made. Generally, patients with ATA high and intermediate risk should be considered for RAIA therapy (12) to ablate residual disease and remnant thyroid tissue. 

Two multicenter studies showed that an ablative dose of 30 mCi (1.1 MBq) I131 was as effective as 100 mCi (3.7 MBq); both doses were 90% effective for ablation of residual thyroid tissue (75,76). A long-term follow-up of one of these studies (median 4.5 years) showed that the radioiodine dose did not affect recurrence rate (77). A recent analysis of 21,870 patients with intermediate-risk PTC found that adjuvant radioiodine therapy was associated with a 29% reduced risk of death overall with clear benefit in those over 65 years of age (78). The adverse effects observed following RAIA, transient neck pain and swelling, dry mouth and eyes, and secondary malignancy, correlate positively to higher doses (79). 

THYROID-STIMULATING HORMONE (TSH) SUPPRESSION 

Following surgery, and RAIA if indicated, patients are treated with thyroid hormone, usually with a dose of levothyroxine that suppresses serum TSH to subnormal levels. Several special considerations for the goals of thyroid hormone therapy following thyroid cancer arise in elderly patients. 

Thyroid hormone replacement is titrated to levels sufficient to suppress pituitary secretion of TSH, which is considered a growth-promoting factor for follicular cell-derived thyroid cancers. Revised guidelines from the American Thyroid Association (12) suggest individualized targets for TSH suppression in thyroid cancer, generally targeting a low to low-normal range TSH. Greater TSH suppression in more aggressive disease is balanced with greater cardiac and bone complications in elderly patients. 

Older patients are more likely to have co-morbid cardiac disease, including arrhythmias, coronary artery disease, and heart failure, which can place them at increased risk for complications from thyroid hormone excess. A population-based study of patients taking levothyroxine for any cause, found a significantly higher risk of cardiac arrhythmias [HR 1.6 (1.10–2.33)] and cardiovascular admission or death [1.37 (1.17–1.60)] in those with a suppressed serum TSH (0.03 mU/L) compared to those with TSH in the normal reference interval (80). Notably, increased cardiovascular risk was not observed in patients with a low but not fully suppressed TSH (TSH 0.04 – 0.4 mU/L). Specifically, in thyroid cancer patients treated with levothyroxine with modestly suppressed TSH (mean TSH <0.35 mU/L), atrial fibrillation was common (17.5% prevalence) in those patients 60 years old (80).

Longstanding hyperthyroidism is associated with osteoporotic fractures and loss of bone mineral density. Specifically, post-menopausal women (65yo) with suppressed TSH levels (0.1 mU/L) due to endogenous or exogenous thyroid hormone had significantly higher rates of new hip (OR 3.6, 95% CI 1.0-12.9) and vertebral fractures (OR 4.5, 95% CI 1.3 -15.6) compared to comparable women with normal TSH levels over a 3.7 years follow-up (81). In adult patients on levothyroxine therapy, a suppressed TSH (0.03 mU/L) was associated with a two-fold increase in risk [HR 2.02 (1.55–2.62)] of new osteoporotic fracture compared to similar patients treated with levothyroxine with a TSH maintained in the normal reference interval (80). Studies evaluating thyroid cancer patients are limited in outcome evaluation of bone mineral density (BMD) rather than fracture incidence, but generally support similar conclusions regarding lower BMD with suppressive-dose levothyroxine therapy (82-84). In elderly patients receiving TSH-suppression therapy, dual-emission X-ray absorptiometry (DEXA) monitoring of BMD should be considered based upon age and other risk factors for osteoporosis. There are no guidelines to suggest the optimal interval for DEXA screening; osteoporosis once identified should be treated using standard therapies (such as bisphosphonates or RANKL inhibitor) unless otherwise contraindicated (85). 

Peripheral metabolism of thyroid hormone and clearance decreases with advanced age so that a lower medication dose is needed to achieve comparable serum levels (86,87). Levothyroxine therapy is complicated further by polypharmacy in elderly patients, where commonly prescribed medications (e.g. calcium, iron) can decrease gut absorption of levothyroxine (88) or change drug metabolism (e.g. rifampicin, phenytoin, carbamazepine, amiodarone) (89). 

In summary, as suggested by society guidelines (12), TSH goals in thyroid cancer should be individualized and re-evaluated over time. Patients with co-morbid cardiac disease and/or osteoporosis with intermediate risk disease recurrence, might best be managed with TSH targets in the low but not fully suppressed range to minimize adverse effects of therapy. 

THYROGLOBULIN MONITORING

Follow-up by measurement of serum thyroglobulin (Tg) at intervals of 4 to 6 months on thyroxine suppression therapy is recommended (12). At one-year post treatment completion, a stimulated Tg measurement may provide a more sensitive evaluation for persistent or recurrent disease (90). A Tg level >0.2 ng/mL, a stimulated Tg level >2- 5 ng/mL, a rising Tg level, or the persistence of Tg antibodies, warrant further evaluation (12, 91). Diagnostic imaging studies such as neck ultrasound, whole body radioiodine uptake, and PET imaging should be performed to locate the residual thyroid tissue. Identification of abnormal lymph nodes or tumor mass can then be further evaluated for possible further treatment with radioactive iodine, surgery, or targeted therapy. 

TARGETED THERAPY

Older cytotoxic drugs have shown little benefit for progressive, advanced, or metastatic papillary or follicular thyroid cancer while causing significant side effects. Improved understanding of the pathogenesis of these cancers is leading to the development of new agents aimed at specific oncogenic mechanisms (e.g. RET, BRAF). Currently two tyrosine kinase inhibitors are approved for therapy of metastatic, radio-resistant differentiated thyroid cancer: sorafenib and lenvatinib. 

Sorafenib, an oral multi-kinase inhibitor, inhibits vascular endothelial growth factor receptors (VEGFR-1, VEGFR-2, and VEGFR-3), RET kinase (including RET/PTC), BRAF V600E, and platelet-derived growth factor receptor (PDGFR) beta. In the DECISION phase 3 multicenter placebo-controlled trial of 416 patients, 409 had distant metastases: 86% in the lungs, 51% in lymph nodes, and 27% in bone (92). The group treated with sorafenib had longer progression-free survival (10.8 months) compared to the placebo group (5.8 months). At disease progression, 71% of patients in the placebo group crossed over to receive open-label sorafenib; as a consequence, overall survival did not differ between the two groups. Twenty percent of patients in the sorafenib group received other cancer therapy after the trial. The most frequent adverse events in the active drug group were palmar-plantar erythrodysesthesia, diarrhea, alopecia, rash, weight loss, hypertension, anorexia, oral mucositis and pruritus. Side effects were relieved by dose reduction. 

Lenvatinib is a tyrosine kinase inhibitor of the VEGFRs 1, 2, and 3; fibroblast derived growth factor receptor (FGFR)s 1 through 4; PDGFRα; RET; and KIT signaling pathways. The SELECT phase 3 trial randomly assigned 261 patients to receive lenvatinib and 131 patients to receive placebo; the median age of patients in the trial was over 60 years (93). The median duration of follow-up was 17 months; 114 patients assigned placebo had progression, and 109 of them elected to receive lenvatinib. Disease progression occurred in 36% in the lenvatinib group compared to 83% in the placebo group. Median progression free survival was 18.3 months with lenvatinib versus 3.6 months with placebo. Disease response rate was 66% with lenvatinib compared with 1.5% with placebo. The benefit appeared in all subgroups, including all histologic types of tumor. Adverse events occurred in 97% of patients taking lenvatinib and in 60% taking placebo; the main adverse events were hypertension, diarrhea, fatigue, decreased appetite, palmar-plantar erythrodysesthesia, proteinuria, renal failure, and thromboembolic events. While not without side effects, lenvatinib and sorafenib demonstrated efficacy in patients with metastatic, radioiodine-refractory differentiated thyroid cancer and should be considered in elderly patients with sufficient performance status and potential benefit. 

For differentiated thyroid cancer that progresses despite these therapies, additional treatment with external beam radiation, off label use of BRAF inhibitors, and clinical trials of immunotherapy are sometimes utilized. These modalities are discussed below in the context of anaplastic thyroid cancer. 

[bookmark: _Hlk531544507]ANAPLASTIC THYROID CANCER

Anaplastic thyroid carcinoma (ATC) is a rare and aggressive subtype of thyroid cancer that accounts for <1% of all thyroid cancers (24,29). It more commonly affects the elderly, with a mean age at diagnosis of 65 years and more than 90% patients with ATC are over age 50 (29). Despite recent advances, the median overall survival remains poor, around 3–5 months, with a 1-year survival of approximately 20% (94). Aldinger et al. reported a five-year survival rate of only 7.1% with a mean survival period of 6.2 months from the time of tissue diagnosis and 11.8 months from the time of onset of symptoms (95). 

The most frequent presenting complaint in patients with ATC is a rapidly growing mass with tightness in the neck (95). Patients may also complain of dysphagia, hoarseness, dyspnea, neck pain, sore throat, and cough. Examination of the neck usually reveals a fixed, large, firm mass, which may impair the ability to detect lymphadenopathy on clinical examination. Hemorrhage and necrosis within the tumor may result in soft, fluctuant masses. Rarely, patients with massive tumor extension into the mediastinum or lungs may present with superior vena cava syndrome or dyspnea.  

Unfortunately, most patients with ATC present with advanced stage disease. In a retrospective study of thyroid cancers in 204 elderly (age >60 years) patients by Lin et al. (45), 75% of patients diagnosed with ATC had distant metastases to the lung, bone, mediastinum, and peritoneum at presentation. Similarly, in the cohort reported by Aldinger et al., 78 of 84 (93%) patients with ATC presented with advanced stage III and stage IV disease (95). Additional patient factors associated with worse prognosis in ATC include advanced age (>60–70 years), male gender, presence of leukocytosis (>10,000), and symptoms related to tumor mass effect, such as neck pain, dysphagia, rapidly growing neck mass. Regarding older age as a poor prognostic factor, in a cohort of 516 patients with ATC, Kebebew et al. reported a 28% greater mortality in patients over 60 years of age compared to those less than 60 years determined by multivariate analysis (94). 

ATC often, but not always, arises from pre-existing differentiated thyroid cancer, with 20% of patients with antecedent DTC and another 20-30% with concurrent DTC (co-existent on histopathology). There is also a higher incidence of ATC in patients with endemic goiter. These associations are relevant for the treatment of ATC because driver mutations such as BRAF and RAS may be retained in the anaplastic tumor cells and can be targeted with therapy (29,95). 

Treatment of Anaplastic Thyroid Cancer

While the prognosis of ATC remains poor, treatment options to slow the progression of disease, palliate symptoms, and, in rare cases, attempt cure, are available as approved therapies and in clinical trials. 

EXTERNAL RADIATION

External radiation to the neck region is appropriate for patients with aggressive cancers that cannot be completely resected surgically (12). Schwartz et al. reported limited success in the treatment of I131 -refractory patients with extrathyroidal spread, positive surgical margins, or gross residual disease with a mean of 60 Gy (38-72 Gy); survival was less in patients with high-risk pathology, metastases, and gross residual disease (96). In the context of ATC, disease is often assumed to be radioiodine refractory, and external beam radiation may be used for preservation of vital neck structures. 

TARGETED THERAPY AND IMMUNOTHERAPY

Most patients with ATC have rapidly progressive disease and should be evaluated for clinical trials when feasible as new treatments continue to be developed. Targeted therapy with inhibitors to specific gene mutations and fusions has shown some success and is the focus of numerous ongoing clinical trials. Therapies include inhibitors of RET (discussed below under medullary thyroid cancer treatment), BRAF, MEK, NTRK, and ALK. Combination treatment with BRAF inhibitor dabrafenib and MEK inhibitor trametinib was recently approved for the treatment of BRAF V600E mutated, unresectable/locally advanced ATC, following a 69% overall response rate in a phase II open label trial of 16 patients with ATC (97). 

Immunotherapy reagents target the impaired immune responses and immune suppression that arise in cancer allowing malignant cells to grow and spread. Checkpoint inhibitors are a kind of immunotherapy that block immune regulatory pathways with the goal of increasing anti-tumor immune responses and producing tumor killing by host leukocytes. Two primary classes of immunotherapy being evaluated for advanced thyroid cancer are inhibitors of cytotoxic T lymphocyte A (CTLA)-4 (such as ipilimumab) and inhibitors of programmed cell death (PD) receptor/ligand interactions (nivolumab, pembrolizumab, atezolizumab). Currently, immune checkpoint inhibitors are being evaluated alone and in combination with targeted therapies for ATC (97). 

MEDULLARY THYROID CANCER

Medullary thyroid cancer (MTC) constitutes approximately 2-5% of all thyroid malignancies, but it is responsible for up to 13.4% of all deaths from thyroid cancer (27,98). It is a well-differentiated type of tumor that arises from the parafollicular C cells of the thyroid gland, and therefore it is categorized as a neuroendocrine tumor. In 80% of patients, medullary thyroid cancer occurs sporadically, but in about 20% of patients there is a family history of medullary carcinoma. Familial MTC is inherited in an autosomal dominant pattern with nearly complete penetrance. A germline mutation in the RET proto-oncogene, which encodes a transmembrane tyrosine kinase receptor, predisposes individuals to develop hereditary MTC. In the sporadic form, the tumor occurs as a result of a mutation involving only the somatic cells. Sporadic forms of MTC are more common in older patients (mean age at presentation 47 years), while the hereditary forms of MTC are more common in younger patients (98). The prevalence of MTC is nearly equal in males and females. 

Parafollicular cells secrete calcitonin, and in MTC this protein is greatly elevated and serum level correlates directly with the burden of disease (99). Other neuroendocrine cell products, including histamine, serotonin, prolactin, vasoactive intestinal polypeptide, and prostaglandin, can be elevated in patients with MTC and lead to systemic symptoms such as diarrhea or flushing (99). In some cases, Cushing’s syndrome may develop as a result of ectopic adrenocorticotrophic hormone (ACTH) secretion from the tumor. The typical presentation of MTC is a palpable nodule in the upper part of the thyroid lobe, and the presence of systemic symptoms is almost universally associated with distant metastases (37). In the retrospective report of 104 patients with MTC by Kebebew et al., 74% of the patients in the sporadic group presented with a thyroid mass, 16% had local symptoms (dysphagia, dyspnea, or hoarseness), and 10% had systemic symptoms (bone pain, flushing, and/or diarrhea) attributable to the cancer (98). 

Within MTC, older age at diagnosis has been associated with a worse prognosis. Kebebew et al. followed patients with MTC for a mean time of 8.6 years and found that advanced age and stage at diagnosis were independent predictors of worse survival (98). The 5-year survival rates by stage were 100% (stage I), 90% (stage II), 86 % (stage III), and 55% (stage IV). The highest survival was seen in female patients under age 45 with MTC confined to the thyroid (98). Saad et al. similarly reported that patients younger than 40 years old at diagnosis had a significantly better survival rate in MTC (99). Scopsi et al. reported a worse prognosis in patients with sporadic MTC who had extrathyroidal tumor invasion, distant metastases, or age greater than 60 years at the time of diagnosis (100). Interestingly, a more recent study that adjusted for baseline age-related mortality in the general population found no significant association with age and prognosis in MTC (101). This raises similar questions to those posed recently for differentiated thyroid cancer as to whether age truly has an independent role in prognosis for these thyroid cancers apart from the general increase in morbidity and mortality with aging. 

Treatment of Medullary Thyroid Cancer

The standard treatment for MTC is surgical resection (total thyroidectomy) with regional lymph node dissection, with routine bilateral central neck dissection and consideration of lateral neck dissection in patients with large primary tumors (>1 cm) or pre-operative imaging with involved nodes. Successful complete surgical resection is associated with improved prognosis. In patients with disease restricted to the thyroid gland and without nodal involvement, the risk of recurrence and mortality is very low, compared to those with nodal disease at presentation (102). 

Serum calcitonin and CEA levels are trended post-operatively to monitor for residual or recurrent disease, beginning around 2-3 months after surgery. A rise in either tumor marker should prompt imaging to look for recurrent disease. Radioactive iodine is not indicated in the treatment of MTC as parafollicular cells do not express NIS or concentrate iodine. Additionally, thyroid hormone replacement is required following thyroidectomy, with TSH targeted to the normal range rather than suppression (103). TSH does not stimulate the growth of parafollicular cells.

In patients with progressive or metastatic disease not amenable to surgery, two tyrosine kinase inhibitors are currently approved for the treatment of MTC: vandetanib and cabozantinib. Vandetanib is an oral inhibitor that targets VEGFR, RET, and epidermal growth factor receptor (EGFR). In the international, randomized controlled phase III ZETA trial of vandetanib 300 mg per day that included over 300 patients with unresectable, locally advanced or metastatic sporadic or hereditary MTC, progression-free survival was significantly greater for patients treated with vandetanib (hazard ratio 0.46, 95% CI 0.31-0.69 versus placebo) (104). Adverse events occurred more commonly with vandetanib compared to placebo, including diarrhea, nausea, palmar-plantar erythrodysesthesia, hypertension, and headache.   

Cabozantinib (105) is another oral tyrosine kinase inhibitor targeting MET, VEGFR2, and RET signaling pathways. The phase III international, randomized controlled EXAM trial evaluated cabozantinib versus placebo in the treatment of 330 patients with progressive, metastatic MTC, with a primary outcome of progression free survival (PFS). Median PFS was 11.2 months for cabozantinib versus 4.0 months for placebo (hazard ratio, 0.28; 95% CI, 0.19 to 0.40; P <0.001), with benefit seen across all subgroups including age, prior TKI treatment, and RET mutation status (hereditary or sporadic). Response rate was 28% for cabozantinib and 0% for placebo. Common cabozantinib-associated adverse events noted in the trial included diarrhea, palmar-plantar erythrodysesthesia, decreased weight, nausea, and fatigue. 

Lastly, two ongoing clinical trials of oral RET inhibitors, LOXO-292 and BLU-667, have shown promise in open label phase I clinical trials, with phase II trials currently underway. LOXO-292 was evaluated in the LIBRETTO phase I trial in patients with RET-altered cancers, including RET fusion-positive MTC (29 patients) and DTC (9 patients). Interim results showed an overall response rate of 77% (95% CI 61-89%), with the MTC subset showing a 45% (95% CI 24-68%) response rate, by Response Evaluation Criteria in Solid Tumors (RECIST) v1.1 criteria. Additionally, the treatment was well tolerated with diarrhea, constipation, dry mouth, and fatigue as common treatment-emergent side effects and rare grade 3 or 4 toxicities (106,107).

In the phase I ARROW trial, RET inhibitor BLU-667 was evaluated for the treatment of 69 patients with RET fusion-positive malignancies, including MTC (35 patients) and PTC (4 patients). The most recent interim analysis from 2018 showed 90% of patients had a radiographic response by RECIST 1.1 criteria, with the overall response rate somewhat lower in the MTC subset of patients (49%). Regarding adverse effects, the most common treatment-emergent events were constipation, increased aspartate aminotransferase, hypertension, anemia, neutropenia, fatigue, and headache; most adverse events were Grade 1 and only 2 of 69 patients discontinued treatment due to treatment-related toxicities (108). Given the poor prognosis of MTC, continued development of new treatment strategies is needed and management at a center experienced with this type of cancer is recommended. 

CONCLUSION

In summary, thyroid nodules and cancer are common in elderly patients and demonstrate age-specific prevalence, malignancy risk, and clinical behavior. Co-morbid conditions and patient preference should inform management of these entities in the elderly, with particular attention to the risks of surgery and medication adverse effects. More research is needed to understand the mechanisms underlying the distinct clinical behavior of thyroid cancer found in older patients, including the drivers of more advanced stage at presentation, higher recurrence risk, and greater mortality.  
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