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Simple Summary: This review reflects on health economic considerations associated with the
increasing diagnosis and treatment of differentiated thyroid cancer. Analysis of different relevant
health economic topics, such as overdiagnosis, overtreatment, surgical costs, and costs of follow-
up are being addressed. Several unanswered research questions such as optimising molecular
markers for diagnosis, active surveillance of primary tumours, and improved risk stratification and

survivorship care all influence future healthcare expenditures.

Abstract: The incidence of differentiated thyroid cancer (DTC) is rising, mainly because of an
increased detection of asymptomatic thyroid nodularity revealed by the liberal use of thyroid
ultrasound. This review aims to reflect on the health economic considerations associated with the
increasing diagnosis and treatment of DTC. Overdiagnosis and the resulting overtreatment have
led to more surgical procedures, increasing health care and patients’ costs, and a large pool of
community-dwelling thyroid cancer follow-up patients. Additionally, the cost of thyroid surgery
seems to increase year on year even when inflation is taken into account. The increased healthcare
costs and spending have placed significant pressure to identify potential factors associated with these
increased costs. Some truly ground-breaking work in health economics has been undertaken, but
more cost-effectiveness studies and micro-cost analyses are required to evaluate expenses and guide
future solutions.
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1. Introduction

Thyroid nodules are common and increase with age, especially in iodine-deficient
areas [1]. One-third of screened adult cohorts in Europe have a thyroid abnormality
on ultrasound [2]. Detected thyroid nodules are investigated to establish a benign or
malignant diagnosis and the treatment plan for each of these outcomes is informed by na-
tional and international guidelines [3,4]. However, the guidelines rarely include economic
considerations.

Differentiated thyroid cancer (DTC), an umbrella term for papillary thyroid cancer
(PTC), follicular thyroid cancer (FTC), and Hiirthle cell thyroid cancer (HTC) represents
approximately 95% of all thyroid cancers [5]. The incidence of DTC has been increasing
for the last three decades, but the disease-specific mortality remains stable. Most patients
have an excellent prognosis, so the increasing diagnoses have created a vast pool of thyroid
cancer survivors that require follow-up. This paper aims to reflect on the health economic
considerations associated with the increasing diagnosis and treatment of DTC.

2. Epidemiology of DTC

The incidence of DTC is rising worldwide [6]. In 2020, 448,915 new cases of thyroid
cancer were estimated, with an age-standardised rate of 10.1/100,000 and 3.1/100,000 in
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women and men, respectively (Global Cancer Observatory, IARC). In the United Kingdom
(UK), where thyroid cancer incidence is lower than most other European countries, it
has increased by 68% over the last decade with 3700 new thyroid cancers diagnosed a
year. The expectation is a further rise to 11 cases per 100,000 by 2035 (Cancer Research
UK). In 2019, 52,070 new cases were estimated in the United States (US) [7]. If the rising
trend in incidence is maintained, thyroid cancer should become the fourth most common
cancer in the United States by 2030 [8]. Despite the progressive increase in incidence, the
disease-specific mortality in the US has increased marginally from 0.40 to 0.46 per 100,000
and can be accounted for by the advanced and dedifferentiated cancers that occur most
commonly in an ageing population [9]. In 2020, 43,646 patients died from thyroid cancer
(27,740 women and 15,906 men) (Global Cancer Observatory, IARC), almost no change
from the 40,000 estimated global deaths in 2012 [6]. These trends of incidence and mortality
are seen across the developed world, with pockets of extreme increase in incidence in
countries where thyroid screening has been adopted, such as in South Korea [5,10,11]. The
rate of incidental DTC however has remained stable in autopsy studies since 1970 [12].

The rising incidence of DTC applies primarily in high-income countries where in-
cidence rates are more than two-fold higher than low and middle-income countries [6].
International comparisons can be difficult due to differences in the reporting and treatment
of the disease. However, even within the same country different rates of DTC diagnosis
exist, usually coinciding with a different medical ethos, healthcare structure, and/or fund-
ing strategy as noted in regions of Belgium and Brazil [13-15]. In the US, social-economic
group and race are also influential with a higher incidence of thyroid cancer found in white
patients with a higher income and health insurance levels [16].

The increasing incidence of thyroid cancer is driven by early-stage DTC without any
increase of note in mortality or any increase in the known risk factors [5]. Despite an in-
crease in exposure from medical conditions and their treatments, the overall environmental
radiation burden has declined [17-20].

Iodine deficiency [21] predisposes to goitre and thyroid nodularity which are also
risk factors for thyroid cancer diagnosis [5]. A meta-analysis reported a PTC/FTC ratio
of 3.4-6.5:1 compared to a ratio of 0.19-1.7:1 in iodine-deficient areas [22]. Chronic iodine
deficiency may also be a risk factor for anaplastic thyroid cancer [5,23] but overall, there is
no epidemiological overlap between the surge in DTC and iodine deficient areas.

In light of the above considerations, whilst the hypothesis of increased population
exposure to known or some unrecognised carcinogens is a potential explanation for the
thyroid cancer epidemic, this remains somewhat unlikely.

3. Overdiagnosis and Overtreatment

It is probable that the single most important cause of the rising DTC incidence over
the last few decades has been the increased detection of asymptomatic thyroid nodularity
revealed by the liberal use of thyroid ultrasound. This has unveiled a huge reservoir of
mainly benign but sometimes malignant disease. The junction at which diagnosis becomes
overdiagnosis is the point at which the identification of disease does not lead to overall
population benefit. Overtreatment is an almost inevitable product of overdiagnosis and
is observed when a disease is diagnosed and optimally treated but the net result is an
unfavourable balance between patient benefit and the overall adverse effects of care. This
risk was recognised almost 30 years ago [24] as increasing access to ever-improving imaging
techniques replaced medical examination.

The widespread use of neck ultrasound has led to either a preoperative increased
detection of early-stage tumours and/or indirectly to thyroid surgery where incidental
thyroid cancers, mainly papillary thyroid carcinomas under 10 mm (papillary thyroid
microcarcinomas (PTMC)), are found. From 1975 to 2009, the proportion of incidental
PTMC has increased from 25% to 39% [25]. In some European countries and the US,
45 to 70% of thyroid malignancies are considered “over diagnosed”, based on studies
comparing the expected and observed prevalence of thyroid cancer [26]. This conclusion is
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also inferred by the rise of early-stage thyroid cancer and the incongruity of there being
more cancer with no change in mortality over decades [27]. The alternative explanation,
that early diagnosis coupled with excellent treatment has compensated for a real thyroid
cancer epidemic, appears less substantiated.

Overdiagnosis and overtreatment are clear generic population-based concepts but are
more difficult to define at an individual level since it has not been possible to reliably predict
the natural history of an individual PTMC in a specific patient. The early diagnosis of a
PTMC will have saved some patients from a late diagnosis and despite the excellent overall
prognosis some PTMC may become larger and metastasise or manifest an aggressive
clinical behaviour even without enlargement. However, it remains the case that at autopsy
after deaths unrelated to thyroid cancer 6.7-16.1% of thyroids present one or more foci of
PTMC [12] so that the vast majority of newly diagnosed PTMC is implicitly of no clinical
significance. The diagnosis and treatment of PTMC offers no benefit to the patient in the
vast majority of cases. Apart from some difficult to identify patients who will benefit, most
are exposed to potential morbidity without gain. In addition to the personal risk of surgery,
one must consider the psychological effects of a cancer diagnosis that is cancer in name but
infrequently in behaviour. A frequently overlooked additional consequence of the surge in
DTC diagnoses is the drain on healthcare resources.

The overdetection and treatment of PTMC comes with an economic cost irrespective of
whether it is treated surgically or subjected to a surveillance programme. These costs must
be balanced against the consequences of a delayed diagnosis in the minority of patients
that may come to harm if a timely cancer diagnosis is not made. This argument effectively
overlaps with the health economic debate that applies to cancer screening in general. Does
thyroid cancer screening fit the cancer screening principle that a presumptive diagnosis
of subclinical disease and an early diagnosis improves outcome? [28]. For screening to be
effective, the time interval between a disease becoming detectable by the screening tool
and the presentation of clinically detectable disease must be shown to be detrimental to the
patient [29]. For a screening program to be considered the disease must be common, have
an identifiable risk group and the screening tool must be both sensitive and specific. There
is no evidence that this applies to thyroid cancer. A Polish group reviewed 4701 patients
surgically treated for thyroid cancer [27] with patients divided according to whether the
diagnosis was made with a clinical presentation or without symptoms or risk factors. The
asymptomatic group predictably presented a lower TNM stage, a lower rate of multifocality,
and no characteristics of aggressive clinical behaviour. The use of screening results in the
diagnosis of indolent cases and may lead to overdiagnosis and overtreatment. Very few
countries have implemented a thyroid ultrasound screening program for thyroid cancer
and several governments have now acknowledged the possible detrimental effects of
unwarranted neck ultrasound use in asymptomatic patients.

In an attempt to reduce unstructured neck ultrasound screening in the UK, only a
thyroid specialist should request a thyroid ultrasound [30]. The American Preventive Ser-
vice Task Force (USPSTF) recently released its guidelines, in which it strongly recommends
against using neck ultrasound for thyroid cancer screening in asymptomatic patients [31].
The impact of changing guidelines was seen in South Korea where screening with neck ul-
trasound for thyroid cancer became part of a National Cancer Control Program in 1999 [32],
creating an epidemic of low-risk PTC. After recognising the morbidity of unnecessary
thyroid surgery due to the thyroid screening this practice was discouraged from 2014 with
a corresponding decrease in the incidence of thyroid cancer and the number of thyroid
operations decreased significantly [33]. However, if patients do not undergo surgery for
PTMC, the management dilemmas and costs associated with an active surveillance (AS)
programme with repeated clinical review and ultrasounds is also problematic since a
reliable predictor of progression is still not available [34,35].
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4. The Indeterminate Thyroid Nodule

The detection of a thyroid nodule begins a cascade of investigations with neck ultra-
sound and fine-needle aspiration (FNA) at the heart of the algorithm. Benign cytology
should allow patient discharge in most cases. Since it is not always possible to unequiv-
ocally exclude malignancy at FNA cytology, surgery may be recommended for these
‘indeterminate’ lesions. However, the cancer rate at final histology after surgery is less than
30% [36]. The problem of indeterminate cytology and 70% of unnecessary thyroid opera-
tions may be addressed in some cases with the identification of mutations in molecular
panels that are promising [37,38]. Molecular testing, however, adds further expense to the
diagnostic workup (£2160-£2880) [39] and usually reduces the risk of rather than guar-
anteeing the absence of cancer. A recent review of available molecular panels concluded
that the more accurate molecular-based test methods are still expensive and restricted to
a few, highly specialised and centralised laboratories [40]. Molecular testing is therefore
not currently provided by taxpayer-funded healthcare systems since value (benefit/cost)
remains unproven.

The cost of mutation panels however needs to be put in the context of the potential
saving of unnecessary surgery and the benefit of patient discharge, assuming that this actu-
ally occurs. Several cost-effectiveness studies have been performed, comparing lobectomy
to genetic testing [37], molecular panel testing [41], or lobectomy and frozen section to total
thyroidectomy for thyroid nodules suspicious of cancer [42]. Most studies suggest that a
diagnostic lobectomy remains overall preferable to genetic testing as a strategy for ruling
out the malignancy of indeterminate thyroid nodules. The conclusions are determined
principally by the consequence of “closure” after a hemithyroidectomy versus living under
surveillance after using molecular panels which appears to remain the recommendation. A
systematic review concluded that the test specificity had to be >68% and the amount of
surgery decreased by over 50% for molecular testing to be cost-effective [39]. This health
economics model confirmed that molecular evaluation of thyroid nodules with indetermi-
nate cytology could generate positive health outcomes by reducing the rate of unnecessary
surgery on benign nodules and may find traction as the costs of the tests decrease.

5. Surgery as the Solution?

Thyroid surgery is becoming increasingly expensive. A large population-based study
demonstrated increasing patient charges for both inpatient and outpatient elective thyroid
surgery, with increasing costs of £644 or 4.31% every year between 2006 and 2014, after
controlling for multiple clinical and demographic variables and adjusting for inflation [43].
There is ample evidence that a thyroid lobectomy presents no survival difference compared
to a total thyroidectomy in low-risk PTC less than four centimetres in diameter [44].
Hemithyroidectomy has the advantage of retaining natural thyroid function in 80% or more
of patients and avoids permanent hypoparathyroidism and its sequelae. The disadvantages
of a hemithyroidectomy are the reduction of efficacy of thyroglobulin as a tumour marker,
the preclusion of radioiodine as adjuvant treatment, and a higher risk of requiring a second
operation for local recurrence. Overall, the 2015 American Thyroid Association guidelines
conclude that a lobectomy is an acceptable treatment primarily to avoid the morbidity of
total thyroidectomy documented in lower volume practices [3] rather than because it is a
better option from an oncological point of view.

Most thyroid surgery in the US and many parts of the world is performed by low-
volume general, ENT, and, to a lesser extent, maxillofacial surgeons [45]. Whilst a hemithy-
roidectomy in low-risk thyroid cancer may offer lower morbidity with unchanged cancer
efficacy [46] the cost considerations appear to have taken a back seat. The Quality Adjusted
Life Year (QALY) can be used in the assessment of the value of medical interventions [47]. If
the Incremental Cost-Effectiveness Ratio (ICER) is applied to the treatment of a solitary thy-
roid nodule with an FNA biopsy that is ‘suspicious for cancer” a hemithyroidectomy alone
does not appear to be the most cost-effective and appears to be inferior in cost-effectiveness
compared to a total thyroidectomy. This calculation is based on a model that includes the
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accuracy of a frozen section and the rate of injury to the recurrent laryngeal nerve (RLN).
Unfortunately, the study failed to factor in the varying rate of malignancy for an FNA
biopsy and calculated just 12 months of the life-long hormonal replacement, long-term
permanent nerve palsy, and permanent hypocalcaemia. Equally a thorough costing of
ultrasound surveillance of the neck was also insufficiently assessed but is likely to add
additional cost to the hemithyroidectomy group [42]. As the study was published before
the 2015 ATA guidelines, the higher rate of completion thyroidectomy might have altered
the cost-effectiveness analysis.

A more recent cost-effectiveness analysis compared total thyroidectomy versus lobec-
tomy for small (2 cm) nodules suspicious for PTC (defined as Bethesda V) [48]. The authors
conclude that a total thyroidectomy protocol produced an incremental cost of £1929 and
incremental effectiveness of minus 0.24 QALY as compared to the lobectomy protocol. The
consecutive sensitivity analysis demonstrated that total thyroidectomy apparently only
becomes a cost-effective strategy if the risk of stages IIl and IV PTC is 82.4% among patients
with Bethesda V cytology on preoperative FNA. These counterintuitive findings may be
related to the quantification of the risk of morbidity (hypothyroidism, hypoparathyroidism,
or unilateral RLN injury) after lobectomy was estimated at up to 50% which is high com-
pared to national registry data [49]. Whether the true cost of follow-up and additional
imaging rather than a cheaper nurse led thyroglobulin follow-up have been contemplated
was not clearly stated. One feature that is not quantified adequately is the cost of lifelong
physician follow-up and frequent office ultrasound in the lobectomy group that is likely to
make the surveillance of anything less than a total thyroidectomy more expensive.

6. Surgical Technology: A Cost-Effective Addition?

As stated above, the cost of thyroid surgery seems to increase year on year even
when inflation is taken into account. In part this may be caused by the increasing use of
technology aimed to improve outcomes. The morbidity after thyroid surgery is low when
performed by high-volume surgeons [50,51] and the real-world results suggest a gross
underreporting of surgical morbidity [52]. Hypoparathyroidism, recurrent laryngeal nerve
palsy, and post-operative haemorrhage reduce QoL and add cost to the overall treatment of
thyroid cancer [52]. Costs can be reduced with appropriate postoperative hypocalcaemia
protocols [53] and the cost of care is consistently lower in high-volume hospitals in the
USA mainly due to reduced length of stay but other variations remain unexplained [54].
One possible variable relates to the use of technological adjuncts.

To reduce the morbidity of thyroid surgery, many technical aids have been developed
and advocated. These include nerve monitoring devices, vessel sealing devices, autoflu-
orescence technology, and new surgical approaches, such as robotic thyroid approaches
and more recently transoral surgery. Naturally, these devices may have advantages to
offer in some cases, possibly reducing morbidity or the time of surgery, but always at
a cost. The technology adds to the total costs associated with thyroid surgery, as was
demonstrated using the Nationwide Inpatient Sample (NIS) database [55] and Premier
Healthcare Database [43]. However, often the enthusiasm for new technology has meant
that a rigorous cost-effectiveness/value analysis is not performed until the devices have
become ingrained in surgical practice. It is clear that some technology may be expensive
but more cost-effective than cheaper solutions [56]. For example, energy-based devices
for sealing, cutting, and/or secondary haemostasis are now widely used and preferred
to the clamp-and-tie approach for this reason [57]. The various technologies (ultrasonic,
bipolar, and advanced bipolar) have proven efficacy and safety [57-61] and a pooled cost-
effectiveness meta-analysis showed an 8.7% reduction in procedure costs, derived primarily
from a reduction in operating time costs, across surgical procedures (p = 0.029) [62].

The efficacy data on intraoperative neuromonitoring (IONM) of the RLN and EBSLN
in thyroidectomy are now extensive, but it remains controversial whether the use of IONM
can reduce the rate of permanent RLN injury in thyroid surgery. Most device users are
reluctant to return to thyroid surgery without the device [63] but there has been an attempt
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to address the value of IONM [64-66]. The most recent one evaluated the cost-effectiveness
of IONM using a Markov chain model, in the setting of a bilateral thyroidectomy [64]. The
ICER between the use and non-use of IONM was £33,401 per QALY with the conclusion that
this is an acceptable cost in avoiding bilateral RLN palsy and tracheostomy. However, the
cost-utility analysis did not confirm these results completely, reporting visual identification
of the RLN led to a cost saving of £129 and £496 per patient, and an improvement of 0.001
and 0.004 QALY, over selective IONM and universal IONM, respectively. It was concluded
that if the RLN injury were decreased by 50.4% or more with IONM compared to visual
identification, the selective use of IONM in high-risk cases would be the most cost-effective
solution [65]. Another analysis failed to demonstrate cost-effectivity in a realistic clinical
setting [66]. The use of IONM has however become the standard of care irrespective of the
value considerations in most developed countries and has a key role in training to which a
price cannot be attached as cannot the value of avoidance of bilateral nerve palsy provided
by IONM [67].

Autofluorescence of the parathyroid glands and the use of indocyanine green (ICG)
to evaluate their vascularisation is another new surgical technique that recently has been
developed [68-70]. Time will tell whether this adds value in the event that hypoparathy-
roidism can be prevented with the associated costs of life-long supplements and end-organ
damage including renal impairment.

The costs of novel surgical approaches such as robotic transaxillary thyroidectomy
and transoral endoscopic thyroidectomy vestibular approach (TOETVA), which have as
the main feature avoiding a neck scar [71], are yet to be evaluated from a health economics
point of view. The widespread use of robotic thyroid surgery in Korea has been ascribed to
extensive government support, economic interests, and the higher surgical fees associated
with the technique [72]. One analysis has compared transoral endoscopic thyroidectomy
vestibular approach and transcervical approach thyroidectomy but omitted conventional
surgery as a control. Differences in mean variable direct cost for lobectomy and total
thyroidectomy were £918 and £745, respectively, due to the longer operating time and
different energy-based devices (open versus keyhole) used [73].

7. Follow-Up: The Gift That Keeps on Giving?

Current European, British, and American guidelines recommend regular follow-up
of DTC after surgery in order to detect early recurrence, supervise TSH suppression, and
manage any surgical complications. It is recommended that it be undertaken by a member
of the multidisciplinary team according to the established local protocols [3,30,74]. Surgical
morbidity after total thyroidectomy adds significantly to the expenses of surgical treatment.
Only a few studies have evaluated the cost-effectiveness of different management strategies
for vocal fold paralysis and (temporary) hypoparathyroidism [75-77].

Lifelong surveillance with hormone replacement or TSH suppression has a cost, and
this is increasing cumulatively as the number of thyroid cancers treated with surgery
increases coupled with the progressive improvement in generic life expectancy. The low
yield of cancer recurrence in all but the most aggressive forms of thyroid cancer has
called into question the value of thyroid cancer follow-up, especially three-monthly follow-
ups advocated by some in the first year and the Thyrogen®-stimulated (Sanofi Belgium,
Machelen, Flemish Brabant, Belgium) risk stratification [78].

More than 750,000 thyroid cancer survivors are living in the United States today [25,79,80].
Eighty percent of new thyroid cancer patients are under 65 years of age and the 20-year
disease-specific survival is over 90%. The cost of the follow-up of 750,000 patients has to
be contextualised with thyroid mortality of just 0.4% of all cancer deaths in the United
States [81]. The increasing detection of thyroid cancer and the ageing general population
suggest that the thyroid cancer follow-up numbers will continue to rise significantly [82].
The current and projected healthcare-related costs attributable to well-differentiated thyroid
cancer care have been studied by Lubitz and colleagues [83]. The total estimated costs
associated with WDTC care in 2013 exceeded £1.15 billion in the US alone. The initial
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treatment including diagnostics, surgery, and adjuvant radioactive iodine (RAI) accounts
for £473 million (or 41% of the total annual costs), and an alarming, £428 million (37% of
total costs) is taken by the management of the follow-up. There are also hidden costs
related to medical practitioner activity and the cost to society as workdays are lost to attend
for investigations and doctor visits are not calculated in this budget calculation.

8. Active Surveillance of PTMC

Having established that PTMC can be treated conservatively does not mean that the
individuals diagnosed with a usually indolent benign behaving thyroid lesion stop being
patients. Indeed, avoiding surgery in PTMC may actually be more expensive than surgery
as it is replaced by “active surveillance (AS)”.

Japanese data have explored AS for the management of incidentally identified uncom-
plicated PTMC. Long-term longitudinal follow-up studies in Japan have demonstrated that
PTMC can safely be treated conservatively with no significant morbidity and no increase
in disease-specific mortality [84-86]. Following 1235 patients for up to 227 months with
biopsy-confirmed thyroid malignancy showed 0% distant metastatic rates and the small
percentage of patients with tumour progression or new lymph node metastases showed
excellent outcomes with rescue surgery [35,46]. Given the absence of reliable predictors
of which PTMC will remain dormant and which will develop into clinically significant
disease, the active surveillance patients are monitored radiologically at variable intervals
indefinitely. The cost implication of identifying an indolent thyroid cancer whether fol-
lowed by surgery or AS is rarely considered, nor indeed the psychological impact of a
“cancer” diagnosis that stays with the patient indefinitely.

It has been shown that in an American and Canadian context nonoperative manage-
ment of PTMC is associated with a modest decrement in QoL. Indeed, a thyroid lobectomy
appeared cost-effective and is associated with an ICER of £3192/QALY, well below the
study’s willingness-to-pay threshold [87]. Deterministic sensitivity analysis revealed that
the cost-effectiveness was highly dependent on the relative disutility of AS, meaning the
patient-specific QoL decrement due to AS, as well as on the remaining life expectancy
after diagnosis. It remains clear that the diagnosis of PTMC is undesirable both for the
patient and the healthcare system except for the minority that develops a true PTC. A
recent meta-analysis demonstrated tumour growth in 4.4% of 4156 patients with AS for
low-risk PTMC, with only 1.0% developing cervical lymph node metastasis, and 0.04%
developing metastatic disease over a pooled mean period of 44 months [88].

9. Healthcare Structure and the Growing Cost of Care

Healthcare is funded differently around the world. A broadly speaking socialised
healthcare model where treatment is free at the point of access dominates in most of
Northern Europe and hybrid schemes with co-payment exist through most of the European
Union. Private insurance-based models or self-funded healthcare exists elsewhere. In other
words, providing a health episode in some contexts is a societal burden and others an
item of service that is associated with a fee and therefore potential profit. The epidemic in
thyroid cancer may therefore be seen as a health economic crisis or a wealth opportunity
depending on the context in which medicine is practiced.

Studies to explore the economics of the increase in thyroid cancer diagnosis and the
associated increase in thyroidectomy rates depending on the health model can be difficult
to interpret. In general, cost-effectiveness analyses are hypothetical and present inherent
limitations with reproducibility, mainly because of changes in values (probability and cost)
over time and the varying model designs [48].

Existing studies on thyroid cancer cost rarely provide a holistic view of the different
factors associated with the excess expenditures. Calculations are not contextualised with
other cancers and offer an annual estimate of expenditure, without considering the effect
of concurrent medical conditions, mental health, and functional status on healthcare
expenditures that are paramount to develop future solutions [89,90].
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A recent SEER-database study projects the estimated lifetime cost for a hypothetical
cohort of individuals with thyroid cancer to be £24,981 per patient, ranging from £24,074
to £42,201 for those with local or metastatic disease respectively. The total cost for an
incident cohort of thyroid cancer diagnosed in 2010 was approximately £1 billion and
projected to increase to more than £1.7 billion for the 2019 cohort. The total medical cost
including diagnosis, treatment, and management for the cohorts diagnosed between 2010
and 2019 is approximately £13.4 billion [91]. Based on the SEER/Medicare data, Boltz et al.
estimated the first-year cost for non-metastatic DTC of £12,744 per patient [92]. Berger
et al. analysed 183 metastatic thyroid cancers (2003-2005) using a US health insurance
claim database estimating the first-year costs to be £43,416 per patient [93]. Another recent
study used different US data sources including Medical Expenditure Panel Survey (MEPS)
data to estimate the annual direct spending for thyroid cancer to be £3.9 billion in the
United States [94]. Lubitz et al, again using the SEER data, conducted a stacked cohort cost
analysis from 1985-2013 to estimate current and future healthcare expenditures attributable
to well-differentiated thyroid cancer. The current societal costs were estimated to be £1.1
billion in 2013 and predicted to be £2.5 billion in 2030 based on present thyroid cancer
incidence trends. The problem is not confined to the US healthcare model.

In Brazil, thyroid cancer increased in incidence from 1.51,/100,000 to 4.57/100,000
between 2008 and 2018 with an almost unchanged mortality rate (0.30 to 0.36) [14]. A signif-
icant increase in the number of thyroid investigation tools (US, FNA) and treatment/follow-
up procedures (surgery, low dose RAI, US) was noted in all geographic regions during
the same period. However, procedures related to more aggressive thyroid cancers (neck
dissection, high dose RAI) decreased. Costs of thyroid US increased by 91%, FNA costs by
128%, treatment-related costs by 120%. This resulted in immediate costs to the Brazilian
public health system of £29.5 million over 8 years. A similar picture has been highlighted
in Australia where the estimated economic burden of “excess” thyroidectomies in New
South Wales has been demonstrated as significant [95]. The incidence of DTC and total
thyroidectomy both doubled between 2003 and 2012, while the mortality rate remained
unchanged. The projected increase of 2196 thyroidectomy procedures translated into an
additional cost of over £10 million in surgery-related healthcare expenditure alone over
a decade. A similar picture has been found in Hong Kong where numbers of thyroidec-
tomies for cancer increased even excluding incidental PTMC [96] with the associated cost
implications of £8334 per patient in the first year.

There are of course large differences in healthcare costs in different countries and
comparing different healthcare and reimbursement systems is challenging [97]. One study
performed a cost-analysis of thyroid cancer care between the United States and France
identifying that the US healthcare system spends nearly £7200 more per patient for initial
1-year management of PTC than in France. The main components contributing to this cost
disparity were hospital facility (70%) and nuclear medicine (19%) reimbursements, despite
a lesser duration of stay and lower use of RAI in the United States. Most studies, unfortu-
nately, fail to consider the costs of lifelong thyroid substitution and monitoring of long-term
follow-up. It is indeed probable that the annual follow-up cost matches the original larger
outlay of surgery as previously suggested. In a publicly funded healthcare system, this
substantial cost impacts the funds available for the care of other pathologies [83].

An American study calculated the excess healthcare expenditures of the community-
dwelling thyroid cancer patients compared to non-cancer controls in a propensity score-
matched analysis [98]. The yearly average total healthcare expenditures among adults with
thyroid cancer were significantly higher compared to propensity score-matched controls
(£6896 vs £4194, p = <0.001). Similar observations were found in terms of inpatient and
outpatient expenditures.

10. Do Guidelines Help Control Costs?

Cancer guidelines focus almost exclusively on best care. Cost of care tends to not be
considered at all or to be an afterthought years after the implementation. A recent study
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used a microsimulation model to compare the cost-effectiveness of the revised 2015 ATA
guidelines to the 2009 guidelines [99]. One of the aims of these revised guidelines was
to reduce the number of total thyroidectomies and surgical complications and, therefore,
potentially cost. The study illustrates that the ATA 2015 guideline patient generated greater
average QALYs (13.09 vs 12.43) at a lower average cost per patient (£10,612 vs £14,386) [99].

Reducing the cost of care is not only relevant to socialised medicine since it can
also have an impact on personal wellbeing and cause insecurities regarding personal
wealth with the associated QoL considerations. Financial difficulties are reported by 43%
of thyroid cancer survivors and are associated with worse anxiety and depression [81].
A South Korean retrospective cohort study calculated an average personal medical cost
of £2547 per patient after diagnosis of thyroid cancer at 2 years [100]. Fighting cancer can
be a costly battle and understanding the relationship between patient-reported financial
toxicity (FT) and health outcomes can help to support post-treatment cancer survivors.
Incorporation of FT assessment into survivorship care planning could enhance clinical
assessment of thyroid cancer patients, help address the dynamic and persistent challenges
of survivorship, and help identify those most in need of intervention across the cancer care
continuum [101].

11. Future Considerations

Impalpable thyroid cancers detected by ultrasound have almost always an excellent
prognosis. The precursor lesions of DTC are not well-established and recognised pathology
lesions, but there is no clear demarcation that differentiates precancerous from cancerous
lesions. If these were to be reclassified as an indolent lesion of epithelial origin (IDLE), the
need for aggressive therapy and screening would be mitigated [102]. Therefore, the re-
definition of these lesions as “papillary lesions in situ” as precursors of malignant tumours
might be beneficial in reducing the overdiagnosis and overtreatment of patients with
thyroid nodules [103]. Being able to select which patients would develop more aggressive
disease will have huge impact on healthcare costs for DTC.

Surgical complications from an often-unnecessary operation, the emotional distress
linked to the diagnosis of ‘cancer’, and the stress of follow-up, as well as the financial
burden to the individual and society, should not be ignored. The problem affects wealthy
countries where the steep rise in thyroid ultrasound and FNA has been driven by access to
diagnostic imaging. The reversal or slowing down of this trend requires an understanding
of the pathology at all medical levels but is not easy to solve [104]. Education whilst
helpful clashes with the realities of defensive medicine where the fear of litigation can
intimidate doctors towards more investigations, more interventions, and endless follow-up
that transforms every person into a lifelong patient. Future research should be directed
towards micro-cost analyses to identify potential factors associated with the increased costs.
Cost-effectiveness studies with QALY and ICER calculations should be implemented in
future guidelines on treatment, surgical, and follow-up strategy.

Some ground-breaking work in health economics has been undertaken, but more
needs to be done on to stem the tide and avert medical bankruptcy. Some changes that
have been shown to help are the centralisation of cancer care for an economy of scale and
quality assurance that comes from group practice and a multidisciplinary environment.

However, a broader, international approach is required to address the problem of
overdiagnosis and overtreatment of thyroid cancer, facilitated by data collection, health
economic assessment, subspecialisation, and international health policy that together may
find a balance between expenses and clinical benefit for the patient. International societies
will have to incorporate health economic considerations into their guidelines. The revised
2015 ATA guidelines stated several research questions that remain unanswered to date:
optimising molecular markers for diagnosis, AS of DTC primary tumours, and improved
risk stratification and survivorship care. Potential answers could all influence future
healthcare expenditures.
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12. Conclusions

The current thyroid cancer ‘pandemic’ is caused primarily by small PTCs that may
have caused no harm in most patients, if left undiagnosed. Regardless of the followed
guidelines, healthcare, and insurance system, substantial resources are being used for
the diagnosis, treatment, and follow-up of this potentially indolent condition. Increased
healthcare costs and spending have placed significant pressure to identify potential factors
associated with these increased costs and find solutions. The next decade will determine
whether as clinicians we can reverse current trends in the ever-increasing cost of thyroid
cancer care.

13. Take Home Messages

e  The main cause of the rising incidence of DTC incidence over the last decades has been
the increased detection of asymptomatic thyroid nodularity revealed by the liberal
use of thyroid ultrasound.

e  After controlling for multiple clinical and demographic variables, and adjusting for
inflation, the cost of thyroid surgery is still increasing.

e  The cost of long-term follow-up, active surveillance, and excess healthcare expendi-
tures of the community-dwelling thyroid cancer ‘survivors” has to be evaluated in
light of the different healthcare models.

e  Future research should be directed towards micro-cost analyses to identify potential
factors associated with the increased costs.

o  Cost-effectiveness studies with QALY and ICER calculations should be implemented
in future guidelines on treatment, surgical, and follow-up strategy.

14. Notes

1. For international comparison between studies and data, all monetary values have
been expressed in pound sterling (£) at the time of writing: 1 GBP = 1.39 $US =1.17
EUR = AUD 1.80.

2. Abrief summary contextualising health economic terms and concepts used in this
manuscript can be found as Supplementary Material [105-109].
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Author Contributions: K.V.D.H., was involved in the study design, literature search, analysis and
interpretation of data, and drafting of the manuscript—N.S.T., was involved in the study design, and
critical revision of the manuscript—A.N.D.M., was involved in the study design, and critical revision
of the manuscript—F.F.P.,, was involved in the study design, analysis and interpretation of data, and
critical revision of the manuscript. All authors have contributed substantially to the work reported.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

1. Vanderpump, M.P. The Epidemiology of Thyroid Disease. Br. Med. Bull. 2011, 99, 39-51. [CrossRef] [PubMed]

2. Reiners, C.; Wegscheider, K.; Schicha, H.; Theissen, P.; Vaupel, R.; Wrbitzky, R.; Schumm-Draeger, P.M. Prevalence of Thyroid
Disorders in the Working Population of Germany: Ultrasonography Screening in 96,278 Unselected Employees. Thyroid 2004, 14,
926-932. [CrossRef] [PubMed]

3. Haugen, B.R.; Alexander, E.K,; Bible, K.C.; Doherty, G.M.; Mandel, S.J.; Nikiforov, Y.E.; Pacini, F.; Randolph, G.W.; Sawka,
A.M.; Schlumberger, M.; et al. 2015 American Thyroid Association Management Guidelines for Adult Patients with Thyroid
Nodules and Differentiated Thyroid Cancer: The American Thyroid Association Guidelines Task Force on Thyroid Nodules and
Differentiated Thyroid Cancer. Thyroid 2016, 26, 1-133. [CrossRef]

4.  Filetti, S.; Durante, C.; Hartl, D.; Leboulleux, S.; Locati, L.D.; Newbold, K.; Papotti, M.G.; Berruti, A.; ESMO Guidelines Committee.
Thyroid Cancer: ESMO Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up. Ann. Oncol. 2019, 30, 1856-1883.

[CrossRef]


https://www.mdpi.com/article/10.3390/cancers13092253/s1
https://www.mdpi.com/article/10.3390/cancers13092253/s1
http://doi.org/10.1093/bmb/ldr030
http://www.ncbi.nlm.nih.gov/pubmed/21893493
http://doi.org/10.1089/thy.2004.14.926
http://www.ncbi.nlm.nih.gov/pubmed/15671771
http://doi.org/10.1089/thy.2015.0020
http://doi.org/10.1093/annonc/mdz400

Cancers 2021, 13, 2253 11 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.
21.
22.
23.
24.
25.

26.
27.

28.

29.
30.

31.
32.

33.

Pellegriti, G.; Frasca, F.; Regalbuto, C.; Squatrito, S.; Vigneri, R. Worldwide Increasing Incidence of Thyroid Cancer: Update on
Epidemiology and Risk Factors. J. Cancer Epidemiol. 2013, 2013, 965212. [CrossRef] [PubMed]

La Vecchia, C.; Malvezzi, M.; Bosetti, C.; Garavello, W.; Bertuccio, P; Levi, F.; Negri, E. Thyroid Cancer Mortality and Incidence:
A Global Overview. Int. |. Cancer 2015, 136, 2187-2195. [CrossRef]

Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer Statistics, 2019. CA Cancer ]. Clin. 2019, 69, 7-34. [CrossRef]

Rahib, L.; Smith, B.D.; Aizenberg, R.; Rosenzweig, A.B.; Fleshman, ].M.; Matrisian, L.M. Projecting Cancer Incidence and Deaths
to 2030: The Unexpected Burden of Thyroid, Liver, and Pancreas Cancers in the United States. Cancer Res. 2014, 74, 2913-2921.
[CrossRef]

Chen, A.Y; Jemal, A.; Ward, E.M. Increasing Incidence of Differentiated Thyroid Cancer in the United States, 1988-2005. Cancer
2009, 115, 3801-3807. [CrossRef]

Ahn, H.S.; Kim, H].; Welch, H.G. Korea’s Thyroid-Cancer “Epidemic”—Screening and Overdiagnosis. N. Engl. ]. Med. 2014, 371,
1765-1767. [CrossRef] [PubMed]

Smittenaar, C.R.; Petersen, K.A.; Stewart, K.; Moitt, N. Cancer Incidence and Mortality Projections in the UK until 2035. Br. .
Cancer 2016, 115, 1147-1155. [CrossRef] [PubMed]

Furuya-Kanamori, L.; Bell, KJ.L.; Clark, J.; Glasziou, P.; Doi, S.A.R. Prevalence of Differentiated Thyroid Cancer in Autopsy
Studies over Six Decades: A Meta-Analysis. J. Clin. Oncol. 2016, 34, 3672-3679. [CrossRef]

Decallonne, B.; van den Bruel, A.; Macq, G.; Elaut, N.; de Schutter, H. The Impact of Regional Variation in Clinical Practice on
Thyroid Cancer Diagnosis: A National Population-Based Study. Eur. Thyroid |. 2020, 9, 32-39. [CrossRef] [PubMed]

Janovsky, C.; Bittencourt, M.S.; Novais, M.A.P.; Maciel, R.M.B.; Biscolla, R.PM.; Zucchi, P. Thyroid Cancer Burden and Economic
Impact on the Brazilian Public Health System. Arch. Endocrinol. Metab. 2018, 62, 537-544. [CrossRef] [PubMed]

Van den Bruel, A ; Francart, J.; Dubois, C.; Adam, M.; Vlayen, J.; de Schutter, H.; Stordeur, S.; Decallonne, B. Regional Variation in
Thyroid Cancer Incidence in Belgium Is Associated with Variation in Thyroid Imaging and Thyroid Disease Management. J. Clin.
Endocrinol. Metab. 2013, 98, 4063-4071. [CrossRef]

Golden, S.H.; Brown, A.; Cauley, J.A.; Chin, M.H.; Gary-Webb, T.L.; Kim, C.; Sosa, J.A.; Sumner, A.E.; Anton, B. Health
Disparities in Endocrine Disorders: Biological, Clinical, and Nonclinical Factors—An Endocrine Society Scientific Statement. J.
Clin. Endocrinol. Metab. 2012, 97, E1579-E1639. [CrossRef]

Jegerlehner, S.; Bulliard, J.L.; Aujesky, D.; Rodondi, N.; Germann, S.; Konzelmann, I.; Chiolero, A.; Group, N.W. Overdiagnosis
and Overtreatment of Thyroid Cancer: A Population-Based Temporal Trend Study. PLoS ONE 2017, 12, e0179387. [CrossRef]
[PubMed]

Demoury, C.; de Schutter, H.; Faes, C.; Carbonnelle, S.; Fierens, S.; Molenberghs, G.; van Damme, N.; van Bladel, L.; van
Nieuwenhuyse, A.; Vleminckx, C. Thyroid Cancer Incidence Near Nuclear Sites in Belgium: An Ecological Study at Small
Geographical Level. Int. J. Cancer 2020, 146, 3034-3043. [CrossRef]

Schlumberger, M.; le Guen, B. Nuclear-Power-Plant Accidents: Thyroid Cancer Incidence and Radiation-Related Health Effects
from the Chernobyl Accident. Med. Sci. 2012, 28, 746-756. [CrossRef]

Morris, L.G.T. Thyroid Cancer Screening after Nuclear Accidents. JAMA Otolaryngol. Head Neck Surg. 2019, 145, 79. [CrossRef]
Zimmermann, M.B.; Boelaert, K. Iodine Deficiency and Thyroid Disorders. Lancet Diabetes Endocrinol. 2015, 3, 286-295. [CrossRef]
Lind, P; Langsteger, W.; Molnar, M.; Gallowitsch, H.]J.; Mikosch, P.; Gomez, I. Epidemiology of Thyroid Diseases in Iodine
Sufficiency. Thyroid 1998, 8, 1179-1183. [CrossRef] [PubMed]

Besic, N.; Hocevar, M.; Zgajnar, J. Lower Incidence of Anaplastic Carcinoma after Higher Iodination of Salt in Slovenia. Thyroid
2010, 20, 623-626. [CrossRef] [PubMed]

Black, W.C.; Welch, H.G. Advances in Diagnostic Imaging and Overestimations of Disease Prevalence and the Benefits of Therapy.
N. Engl. ]. Med. 1993, 328, 1237-1243. [CrossRef]

Davies, L.; Welch, H.G. Increasing Incidence of Thyroid Cancer in the United States, 1973-2002. JAMA 2006, 295, 2164-2167.
[CrossRef]

Fagin, ].A.; Wells, S.A., Jr. Biologic and Clinical Perspectives on Thyroid Cancer. N. Engl. ]. Med. 2016, 375, 1054-1067. [CrossRef]
Kaliszewski, K.; Diakowska, D.; Wojtczak, B.; Rudnicki, J. Cancer Screening Activity Results in Overdiagnosis and Overtreatment
of Papillary Thyroid Cancer: A 10-Year Experience at a Single Institution. PLoS ONE 2020, 15, e0236257. [CrossRef]
Obuchowski, N.A.; Graham, R.J.; Baker, M.E.; Powell, K.A. Ten Criteria for Effective Screening: Their Application to Multislice
CT Screening for Pulmonary and Colorectal Cancers. AJR Am. J. Roentgenol. 2001, 176, 1357-1362. [CrossRef] [PubMed]

Black, W.C.; Welch, H.G. Screening for Disease. AJR Am. ]. Roentgenol. 1997, 168, 3-11. [CrossRef]

Mitchell, A.L.; Gandhi, A.; Scott-Coombes, D.; Perros, P. Management of Thyroid Cancer: United Kingdom National Multidisci-
plinary Guidelines. J. Laryngol. Otol. 2016, 130, S150-5160. [CrossRef] [PubMed]

Jin, J. JAMA PATIENT PAGE. The US Preventive Services Task Force. JAMA 2016, 315, 1804. [CrossRef] [PubMed]

Ahn, H.S.; Kim, HJ.; Kim, K.H,; Lee, Y.S.; Han, S.J.; Kim, Y.; Ko, M.J.; Brito, J.P. Thyroid Cancer Screening in South Korea Increases
Detection of Papillary Cancers with No Impact on Other Subtypes or Thyroid Cancer Mortality. Thyroid 2016, 26, 1535-1540.
[CrossRef] [PubMed]

Ahn, H.S.; Welch, H.G. South Korea’s Thyroid-Cancer “Epidemic”—Turning the Tide. N. Engl. |. Med. 2015, 373, 2389-2390.
[CrossRef]


http://doi.org/10.1155/2013/965212
http://www.ncbi.nlm.nih.gov/pubmed/23737785
http://doi.org/10.1002/ijc.29251
http://doi.org/10.3322/caac.21551
http://doi.org/10.1158/0008-5472.CAN-14-0155
http://doi.org/10.1002/cncr.24416
http://doi.org/10.1056/NEJMp1409841
http://www.ncbi.nlm.nih.gov/pubmed/25372084
http://doi.org/10.1038/bjc.2016.304
http://www.ncbi.nlm.nih.gov/pubmed/27727232
http://doi.org/10.1200/JCO.2016.67.7419
http://doi.org/10.1159/000504046
http://www.ncbi.nlm.nih.gov/pubmed/32071900
http://doi.org/10.20945/2359-3997000000074
http://www.ncbi.nlm.nih.gov/pubmed/30462807
http://doi.org/10.1210/jc.2013-1705
http://doi.org/10.1210/jc.2012-2043
http://doi.org/10.1371/journal.pone.0179387
http://www.ncbi.nlm.nih.gov/pubmed/28614405
http://doi.org/10.1002/ijc.32796
http://doi.org/10.1051/medsci/2012288017
http://doi.org/10.1001/jamaoto.2018.3137
http://doi.org/10.1016/S2213-8587(14)70225-6
http://doi.org/10.1089/thy.1998.8.1179
http://www.ncbi.nlm.nih.gov/pubmed/9920375
http://doi.org/10.1089/thy.2009.0404
http://www.ncbi.nlm.nih.gov/pubmed/20470204
http://doi.org/10.1056/NEJM199304293281706
http://doi.org/10.1001/jama.295.18.2164
http://doi.org/10.1056/NEJMra1501993
http://doi.org/10.1371/journal.pone.0236257
http://doi.org/10.2214/ajr.176.6.1761357
http://www.ncbi.nlm.nih.gov/pubmed/11373191
http://doi.org/10.2214/ajr.168.1.8976910
http://doi.org/10.1017/S0022215116000578
http://www.ncbi.nlm.nih.gov/pubmed/27841128
http://doi.org/10.1001/jama.2016.2663
http://www.ncbi.nlm.nih.gov/pubmed/27115395
http://doi.org/10.1089/thy.2016.0075
http://www.ncbi.nlm.nih.gov/pubmed/27627550
http://doi.org/10.1056/NEJMc1507622

Cancers 2021, 13, 2253 12 of 14

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Leboulleux, S.; Tuttle, R.M.; Pacini, F.; Schlumberger, M. Papillary Thyroid Microcarcinoma: Time to Shift from Surgery to Active
Surveillance? Lancet Diabetes Endocrinol. 2016, 4, 933-942. [CrossRef]

Ito, Y.; Oda, H.; Miyauchi, A. Insights and Clinical Questions About the Active Surveillance of low-Risk Papillary Thyroid
Microcarcinomas [Review]. Endocr. |. 2016, 63, 323-328. [CrossRef] [PubMed]

Inabnet, W.B., 3rd; Palazzo, F; Sosa, J.A.; Kriger, J.; Aspinall, S.; Barczynski, M.; Doherty, G.; Iacobone, M.; Nordenstrom, E.;
Scott-Coombes, D.; et al. Correlating the Bethesda System for Reporting Thyroid Cytopathology with Histology and Extent of
Surgery: A Review of 21,746 Patients from Four Endocrine Surgery Registries across Two Continents. World J. Surg. 2020, 44,
426-435. [CrossRef] [PubMed]

Balentine, C.J.; Vanness, D.J.; Schneider, D.F. Cost-Effectiveness of Lobectomy versus Genetic Testing (Afirma(R)) for Indeterminate
Thyroid Nodules: Considering the Costs of Surveillance. Surgery 2018, 163, 88-96. [CrossRef]

Nikiforova, M.N.; Mercurio, S.; Wald, A.L; Barbi de Moura, M.; Callenberg, K.; Santana-Santos, L.; Gooding, W.E.; Yip, L.; Ferris,
R.L.; Nikiforov, Y.E. Analytical Performance of the ThyroSeq v3 Genomic Classifier for Cancer Diagnosis in Thyroid Nodules.
Cancer 2018, 124, 1682-1690. [CrossRef]

Labourier, E. Utility and Cost-Effectiveness of Molecular Testing in Thyroid Nodules with Indeterminate Cytology. Clin.
Endocrinol. (Oxf) 2016, 85, 624-631. [CrossRef]

Sciacchitano, S.; Lavra, L.; Ulivieri, A.; Magi, E; de Francesco, G.P; Bellotti, C.; Salehi, L.B.; Trovato, M.; Drago, C.; Bartolazzi,
A. Comparative Analysis of Diagnostic Performance, Feasibility and Cost of Different Test-Methods for Thyroid Nodules with
Indeterminate Cytology. Oncotarget 2017, 8, 49421-49442. [CrossRef]

Labourier, E.; Shifrin, A.; Busseniers, A.E.; Lupo, M.A.; Manganelli, M.L.; Andruss, B.; Wylie, D.; Beaudenon-Huibregtse, S.
Molecular Testing for miRNA, mRNA, and DNA on Fine-Needle Aspiration Improves the Preoperative Diagnosis of Thyroid
Nodules with Indeterminate Cytology. J. Clin. Endocrinol. Metab. 2015, 100, 2743-2750. [CrossRef]

Leiker, A.].; Yen, TW.; Cheung, K.; Evans, D.B.; Wang, T.S. Cost Analysis of Thyroid Lobectomy and Intraoperative Frozen Section
versus Total Thyroidectomy in Patients with a Cytologic Diagnosis of “Suspicious for Papillary Thyroid Cancer”. Surgery 2013,
154,1307-1313. [CrossRef] [PubMed]

Sahli, Z.T.; Zhou, S.; Sharma, A.K.; Segev, D.L.; Massie, A.; Zeiger, M.A.; Mathur, A. Rising Cost of Thyroid Surgery in Adult
Patients. J. Surg. Res. 2021, 260, 28-37. [CrossRef]

Adam, M.A; Pura, J.; Gu, L.; Dinan, M.A.; Tyler, D.S.; Reed, S5.D.; Scheri, R.; Roman, S.A.; Sosa, ].A. Extent of Surgery for Papillary
Thyroid Cancer Is Not Associated with Survival: An Analysis of 61,775 Patients. Ann. Surg. 2014, 260, 601-605, discussion
605-607. [CrossRef]

Gourin, C.G.; Tufano, R.P; Forastiere, A.A.; Koch, W.M.; Pawlik, T.M.; Bristow, R.E. Volume-Based Trends in Thyroid Surgery.
Arch. Otolaryngol. Head Neck Surg. 2010, 136, 1191-1198. [CrossRef] [PubMed]

Lee, J.; Park, J.H.; Lee, C.R.; Chung, W.Y.; Park, C.S. Long-Term Outcomes of Total Thyroidectomy versus Thyroid Lobectomy
for Papillary Thyroid Microcarcinoma: Comparative Analysis after Propensity Score Matching. Thyroid 2013, 23, 1408-1415.
[CrossRef] [PubMed]

Bravo Vergel, Y.; Sculpher, M. Quality-Adjusted Life Years. Pract. Neurol. 2008, 8, 175-182. [CrossRef]

Al-Qurayshi, Z.; Farag, M.; Shama, M.A.; Ibraheem, K.; Randolph, G.W.; Kandil, E. Total Thyroidectomy versus Lobectomy
in Small Nodules Suspicious for Papillary Thyroid Cancer: Cost-Effectiveness Analysis. Laryngoscope 2020, 130, 2922-2926.
[CrossRef] [PubMed]

Aspinall, S.; Oweis, D.; Chadwick, D. Effect of Surgeons” Annual Operative Volume on the Risk of Permanent Hypoparathy-
roidism, Recurrent Laryngeal Nerve Palsy and Haematoma Following Thyroidectomy: Analysis of United Kingdom Registry of
Endocrine and Thyroid Surgery (UKRETS). Langenbecks Arch. Surg. 2019, 404, 421-430. [CrossRef]

Nouraei, S.A.; Virk, ].S.; Middleton, S.E.; Aylin, P.; Mace, A.; Vaz, F.; Kaddour, H.; Darzi, A.; Tolley, N.S. A National Analysis of
Trends, Outcomes and Volume-Outcome Relationships in Thyroid Surgery. Clin. Otolaryngol. 2017, 42, 354-365. [CrossRef]
Lorenz, K.; Raffaeli, M.; Barczynski, M.; Lorente-Poch, L.; Sancho, J. Volume, Outcomes, and Quality Standards in Thyroid
Surgery: An Evidence-Based Analysis-European Society of Endocrine Surgeons (ESES) Positional Statement. Langenbecks Arch.
Surg. 2020, 405, 401-425. [CrossRef]

Patel, N.; Scott-Coombes, D. Impact of Surgical Volume and Surgical Outcome Assessing Registers on the Quality of Thyroid
Surgery. Best Pract. Res. Clin. Endocrinol. Metab. 2019, 33, 101317. [CrossRef] [PubMed]

Mercante, G.; Anelli, A.; Giannarelli, D.; Giordano, D.; Sinopoli, I; Ferreli, F.; Digiesi, G.; Appetecchia, M.L.; Barnabei, A.; Cristalli,
G.; et al. Cost-Effectiveness in Transient Hypocalcemia Post-Thyroidectomy. Head Neck 2019, 41, 3940-3947. [CrossRef] [PubMed]
Wu, S.Y,; Terrell, J.; Park, A.; Perrier, N. Understanding Thyroidectomy Cost Variations among National Cancer Institute-
Designated Cancer Centers. World J. Surg. 2020, 44, 385-392. [CrossRef]

Biron, V.L.; Bang, H.; Farwell, D.G.; Bewley, A.F. National Trends and Factors Associated with Hospital Costs Following Thyroid
Surgery. Thyroid 2015, 25, 823-829. [CrossRef]

Russell, L.B.; Gold, M.R.; Siegel, ].E.; Daniels, N.; Weinstein, M.C. The Role of Cost-Effectiveness Analysis in Health and Medicine.
Panel on Cost-Effectiveness in Health and Medicine. JAMA 1996, 276, 1172-1177. [CrossRef] [PubMed]

Garas, G.; Okabayashi, K.; Ashrafian, H.; Shetty, K.; Palazzo, F.; Tolley, N.; Darzi, A.; Athanasiou, T.; Zacharakis, E. Which
Hemostatic Device in Thyroid Surgery? A Network Meta-Analysis of Surgical Technologies. Thyroid 2013, 23, 1138-1150.
[CrossRef]


http://doi.org/10.1016/S2213-8587(16)30180-2
http://doi.org/10.1507/endocrj.EJ15-0637
http://www.ncbi.nlm.nih.gov/pubmed/26632168
http://doi.org/10.1007/s00268-019-05258-7
http://www.ncbi.nlm.nih.gov/pubmed/31690953
http://doi.org/10.1016/j.surg.2017.10.004
http://doi.org/10.1002/cncr.31245
http://doi.org/10.1111/cen.13096
http://doi.org/10.18632/oncotarget.17220
http://doi.org/10.1210/jc.2015-1158
http://doi.org/10.1016/j.surg.2013.06.031
http://www.ncbi.nlm.nih.gov/pubmed/24238049
http://doi.org/10.1016/j.jss.2020.11.049
http://doi.org/10.1097/SLA.0000000000000925
http://doi.org/10.1001/archoto.2010.212
http://www.ncbi.nlm.nih.gov/pubmed/21173367
http://doi.org/10.1089/thy.2012.0463
http://www.ncbi.nlm.nih.gov/pubmed/23509895
http://doi.org/10.1136/pn.2007.140186
http://doi.org/10.1002/lary.28634
http://www.ncbi.nlm.nih.gov/pubmed/32239764
http://doi.org/10.1007/s00423-019-01798-7
http://doi.org/10.1111/coa.12730
http://doi.org/10.1007/s00423-020-01907-x
http://doi.org/10.1016/j.beem.2019.101317
http://www.ncbi.nlm.nih.gov/pubmed/31526606
http://doi.org/10.1002/hed.25934
http://www.ncbi.nlm.nih.gov/pubmed/31472003
http://doi.org/10.1007/s00268-019-05176-8
http://doi.org/10.1089/thy.2014.0495
http://doi.org/10.1001/jama.1996.03540140060028
http://www.ncbi.nlm.nih.gov/pubmed/8827972
http://doi.org/10.1089/thy.2012.0588

Cancers 2021, 13, 2253 13 of 14

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Van Slycke, S.; Gillardin, J.P.; van den Heede, K.; Minguet, J.; Vermeersch, H.; Brusselaers, N. Comparison of the Harmonic Focus
and the Thunderbeat for Open Thyroidectomy. Langenbecks Arch. Surg. 2016, 401, 851-859. [CrossRef] [PubMed]

Konturek, A.; Szpyra, B.; Stopa-Barczynska, M.; Barczynski, M. Energy-Based Devices for Hemostasis in Thyroid Surgery. Gland
Surg. 2020, 9, S153-5158. [CrossRef]

Contin, P.; Goossen, K.; Grummich, K.; Jensen, K.; Schmitz-Winnenthal, H.; Buchler, M.W.; Diener, M.K. ENERgized Vessel
Sealing Systems versus CONventional Hemostasis Techniques in Thyroid Surgery—The ENERCON Systematic Review and
Network Meta-Analysis. Langenbecks Arch. Surg. 2013, 398, 1039-1056. [CrossRef]

Hua, N.; Quimby, A.E.; Johnson-Obaseki, S. Comparing Hematoma Incidence between Hemostatic Devices in Total Thyroidec-
tomy: A Systematic Review and Meta-Analysis. Otolaryngol. Head Neck Surg. 2019, 161, 770-778. [CrossRef]

Cheng, H.; Soleas, I.M.; Ferko, N.C.; Cameron, C.G.; Clymer, ].W.; Amaral, ].F. Hospital Costs Associated with Thyroidectomy
Performed with a Harmonic Device Compared to Conventional Techniques: A Systematic Review and Meta-Analysis. |. Med.
Econ. 2016, 19, 750-758. [CrossRef]

Tae, K. Cost-Effectiveness of Intraoperative Neural Monitoring in Thyroid Surgery: Comment on “Analyzing Cost-Effectiveness of
Neural-Monitoring in Recurrent Laryngeal Nerve Recovery Course in Thyroid Surgery”. Gland Surg. 2019, 8, 304-306. [CrossRef]
[PubMed]

Al-Qurayshi, Z.; Kandil, E.; Randolph, G.W. Cost-Effectiveness of Intraoperative Nerve Monitoring in Avoidance of Bilateral
Recurrent Laryngeal Nerve Injury in Patients Undergoing Total Thyroidectomy. Br. J. Surg. 2017, 104, 1523-1531. [CrossRef]
Rocke, D.J.; Goldstein, D.P,; de Almeida, J.R. A Cost-Utility Analysis of Recurrent Laryngeal Nerve Monitoring in the Setting of
Total Thyroidectomy. JAMA Otolaryngol. Head Neck Surg. 2016, 142, 1199-1205. [CrossRef] [PubMed]

Wang, T.; Kim, H.Y.; Wu, C.W.; Rausei, S.; Sun, H.; Pergolizzi, F.P.,; Dionigi, G. Analyzing Cost-Effectiveness of Neural-Monitoring
in Recurrent Laryngeal Nerve Recovery Course in Thyroid Surgery. Int. |. Surg. 2017, 48, 180-188. [CrossRef] [PubMed]
Schneider, R.; Randolph, G.W,; Dionigi, G.; Wu, C.W.; Barczynski, M.; Chiang, F.Y.; Al-Quaryshi, Z.; Angelos, P.; Brauckhoff, K.;
Cernea, C.R; et al. International Neural Monitoring Study Group Guideline 2018 Part I: Staging Bilateral Thyroid Surgery with
Monitoring Loss of Signal. Laryngoscope 2018, 128 (Suppl. 3), S1-S17. [CrossRef]

Vlasses, P.H.; Besarab, A.; Lottes, S.R.; Conner, D.P,; Green, PJ.; Gault, M.H. False-Positive Digoxin Measurements Due to
Conjugated Metabolite Accumulation in Combined Renal and Hepatic Dysfunction. Am. J. Nephrol. 1987, 7, 355-359. [CrossRef]
Van Slycke, S.; van den Heede, K.; Brusselaers, N.; Vermeersch, H. Feasibility of Autofluorescence for Parathyroid Glands
During Thyroid Surgery and the Risk of Hypocalcemia: First Results in Belgium and Review of the Literature. Surg. Innov. 2020,
1553350620980263. [CrossRef]

Di Marco, A.N.; Palazzo, FF. Near-Infrared Autofluorescence in Thyroid and Parathyroid Surgery. Gland Surg. 2020, 9, S136-S146.
[CrossRef]

Aidan, P; Arora, A.; Lorincz, B.; Tolley, N.; Garas, G. Robotic Thyroid Surgery: Current Perspectives and Future Considerations.
ORL J. Otorhinolaryngol. Relat. Spec. 2018, 80, 186-194. [CrossRef]

Lee, SR; Lee, ES.; Eum, H.L,; Lee, Y].; Lee, S.W,; Park, ].Y.; Suh, D.S.; Kim, D.Y,; Kim, S.H.; Kim, Y.M.; et al. New Surgical
Technique for Robotic Myomectomy: Continuous Locking Suture on Myoma (LSOM) Technique. J. Clin. Med. 2021, 10, 654.
[CrossRef]

Razavi, C.R.; Tanavde, V.A.; Kim, A.S.; Shaear, M.; Tufano, R.P.; Russell, J.O. The Variable Direct Cost and Cost Drivers of
Transoral Endoscopic Thyroidectomy Vestibular Approach. Gland Surg. 2021, 10, 521-528. [CrossRef] [PubMed]

Luster, M.; Aktolun, C.; Amendoeira, I.; Barczynski, M.; Bible, K.C.; Duntas, L.H.; Elisei, R.; Handkiewicz-Junak, D.; Hoffmann,
M.; Jarzab, B.; et al. European Perspective on 2015 American Thyroid Association Management Guidelines for Adult Patients
with Thyroid Nodules and Differentiated Thyroid Cancer: Proceedings of an Interactive International Symposium. Thyroid 2019,
29, 7-26. [CrossRef] [PubMed]

Nicholson, K.J.; Smith, K.J.; McCoy, K.L.; Carty, S.E.; Yip, L. A Comparative Cost-Utility Analysis of Postoperative Calcium
Supplementation Strategies Used in the Current Management of Hypocalcemia. Surgery 2020, 167, 137-143. [CrossRef]
Gardner, G.M.; Smith, M.M.; Yaremchuk, K.L.; Peterson, E.L. The Cost of Vocal Fold Paralysis after Thyroidectomy. Laryngoscope
2013, 123, 1455-1463. [CrossRef] [PubMed]

Naunheim, M.R.; Song, P.C.; Franco, R.A.; Alkire, B.C.; Shrime, M.G. Surgical Management of Bilateral Vocal Fold Paralysis: A
Cost-Effectiveness Comparison of Two Treatments. Laryngoscope 2017, 127, 691-697. [CrossRef]

Orlov, S; Salari, F; Kashat, L.; Freeman, J.L.; Vescan, A.; Witterick, L].; Walfish, P.G. Post-Operative Stimulated Thyroglobulin and
Neck Ultrasound as Personalized Criteria for Risk Stratification and Radioactive Iodine Selection in Low- and Intermediate-Risk
Papillary Thyroid Cancer. Endocrine 2015, 50, 130-137. [CrossRef]

Cheng, S.Y.; Ringel, M.D. Frontiers in Thyroid Cancer: December 2009. Thyroid 2009, 19, 1297-1298. [CrossRef]

Lubitz, C.C.; Sosa, J.A. The Changing Landscape of Papillary Thyroid Cancer: Epidemiology, Management, and the Implications
for Patients. Cancer 2016, 122, 3754-3759. [CrossRef]

Mongelli, M.N.; Giri, S.; Peipert, B.J.; Helenowski, 1.B.; Yount, S.E.; Sturgeon, C. Financial Burden and Quality of Life among
Thyroid Cancer Survivors. Surgery 2020, 167, 631-637. [CrossRef]

Enewold, L.; Zhu, K,; Ron, E.; Marrogi, A J.; Stojadinovic, A.; Peoples, G.E.; Devesa, S.S. Rising Thyroid Cancer Incidence in
the United States by Demographic and Tumor Characteristics, 1980-2005. Cancer Epidemiol. Biomarkers Prev. 2009, 18, 784-791.
[CrossRef]


http://doi.org/10.1007/s00423-016-1448-6
http://www.ncbi.nlm.nih.gov/pubmed/27222244
http://doi.org/10.21037/gs.2019.10.17
http://doi.org/10.1007/s00423-013-1137-7
http://doi.org/10.1177/0194599819865248
http://doi.org/10.3111/13696998.2016.1168826
http://doi.org/10.21037/gs.2018.12.02
http://www.ncbi.nlm.nih.gov/pubmed/31538049
http://doi.org/10.1002/bjs.10582
http://doi.org/10.1001/jamaoto.2016.2860
http://www.ncbi.nlm.nih.gov/pubmed/27737451
http://doi.org/10.1016/j.ijsu.2017.10.003
http://www.ncbi.nlm.nih.gov/pubmed/29030215
http://doi.org/10.1002/lary.27359
http://doi.org/10.1159/000167501
http://doi.org/10.1177/1553350620980263
http://doi.org/10.21037/gs.2020.01.04
http://doi.org/10.1159/000488354
http://doi.org/10.3390/jcm10040654
http://doi.org/10.21037/gs-20-653
http://www.ncbi.nlm.nih.gov/pubmed/33708535
http://doi.org/10.1089/thy.2017.0129
http://www.ncbi.nlm.nih.gov/pubmed/30484394
http://doi.org/10.1016/j.surg.2019.05.077
http://doi.org/10.1002/lary.23548
http://www.ncbi.nlm.nih.gov/pubmed/23703383
http://doi.org/10.1002/lary.26253
http://doi.org/10.1007/s12020-015-0575-0
http://doi.org/10.1089/thy.2009.1612
http://doi.org/10.1002/cncr.30201
http://doi.org/10.1016/j.surg.2019.11.014
http://doi.org/10.1158/1055-9965.EPI-08-0960

Cancers 2021, 13, 2253 14 of 14

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.
104.
105.
106.
107.
108.

109.

Lubitz, C.C.; Kong, C.Y.; McMahon, PM.; Daniels, G.H.; Chen, Y.; Economopoulos, K.P,; Gazelle, G.S.; Weinstein, M.C. Annual
Financial Impact of Well-Differentiated Thyroid Cancer Care in the United States. Cancer 2014, 120, 1345-1352. [CrossRef]

Ito, Y.; Uruno, T.; Nakano, K.; Takamura, Y.; Miya, A.; Kobayashi, K.; Yokozawa, T.; Matsuzuka, F.; Kuma, S.; Kuma, K.; et al. An
Observation Trial without Surgical Treatment in Patients with Papillary Microcarcinoma of the Thyroid. Thyroid 2003, 13, 381-387.
[CrossRef]

Ito, Y.; Miyauchi, A. Nonoperative Management of Low-Risk Differentiated Thyroid Carcinoma. Curr. Opin. Oncol. 2015, 27,
15-20. [CrossRef] [PubMed]

Miyauchi, A. Clinical Trials of Active Surveillance of Papillary Microcarcinoma of the Thyroid. World J. Surg. 2016, 40, 516-522.
[CrossRef]

Venkatesh, S.; Pasternak, J.D.; Beninato, T.; Drake, F.T.; Kluijfhout, W.P.; Liu, C.; Gosnell, ].E.; Shen, W.T.; Clark, O.H.; Duh, Q.Y,;
et al. Cost-Effectiveness of Active Surveillance versus Hemithyroidectomy for Micropapillary Thyroid Cancer. Surgery 2017, 161,
116-126. [CrossRef]

Saravana-Bawan, B.; Bajwa, A.; Paterson, J.; McMullen, T. Active Surveillance of Low-Risk Papillary Thyroid Cancer: A
Meta-Analysis. Surgery 2020, 167, 46-55. [CrossRef] [PubMed]

Reeve, B.B.; Potosky, A.L.; Smith, A.W.; Han, PK,; Hays, R.D.; Davis, W.W.; Arora, N.K.; Haffer, S.C.; Clauser, S.B. Impact of
Cancer on Health-Related Quality of Life of Older Americans. . Natl. Cancer Inst. 2009, 101, 860-868. [CrossRef]

Meraya, A.M.; Raval, A.D.; Sambamoorthi, U. Chronic Condition Combinations and Health Care Expenditures and Out-of-Pocket
Spending Burden among Adults, Medical Expenditure Panel Survey, 2009 and 2011. Prev. Chronic Dis. 2015, 12, E12. [CrossRef]
[PubMed]

Aschebrook-Kilfoy, B.; Schechter, R.B.; Shih, Y.C.; Kaplan, E.L.; Chiu, B.C.; Angelos, P.; Grogan, R.H. The Clinical and Economic
Burden of a Sustained Increase in Thyroid Cancer Incidence. Cancer Epidemiol. Biomarkers Prev. 2013, 22, 1252-1259. [CrossRef]
Boltz, M.M.; Hollenbeak, C.S.; Schaefer, E.; Goldenberg, D.; Saunders, B.D. Attributable Costs of Differentiated Thyroid Cancer in
the Elderly Medicare Population. Surgery 2013, 154, 13631369, discussion 1369-1370. [CrossRef]

Berger, A.; Edelsberg, J.; Chung, K.; Nguyen, A.; Stepan, D.; Oster, G. Healthcare (HC) Utilization and Costs in Patients (pts) with
Newly Diagnosed Metastatic Thyroid Cancer (mTC). J. Clin. Oncol. 2007, 25, 170-182. [CrossRef]

Iadeluca, L.; Mardekian, J.; Chander, P; Hopps, M.; Makinson, G.T. The Burden of Selected Cancers in the US: Health Behaviors
and Health Care Resource Utilization. Cancer Manag. Res. 2017, 9, 721-730. [CrossRef]

Furuya-Kanamori, L.; Sedrakyan, A.; Onitilo, A.A.; Bagheri, N.; Glasziou, P.; Doi, S.A.R. Differentiated Thyroid Cancer: Millions
Spent with No Tangible Gain? Endocr. Relat. Cancer 2018, 25, 51-57. [CrossRef]

Lang, B.H.; Wong, C.K,; Chan, C.T. Initial Attributable Cost and Economic Burden of Clinically-Relevant Differentiated Thyroid
Cancer: A Health Care Service Provider Perspective. Eur. J. Surg. Oncol. 2015, 41, 758-765. [CrossRef] [PubMed]

Finnerty, B.M.; Brunaud, L.; Mirallie, E.; McIntyre, C.; Aronova, A.; Fahey, T.J., 3rd; Zarnegar, R. Cost Disparity between Health
Care Systems—It’s Not the Surgeons: A Cost Analysis of Thyroid Cancer Care between the United States and France. Surgery
2016, 159, 132-140. [CrossRef] [PubMed]

Bhattacharjee, S.; Khobrani, M.; Alrabiah, Z.; Bilal, J.; Riaz, I.B. Healthcare Expenditures among Community-Dwelling Adults
with Thyroid Cancer in the United States: A Propensity Score Matched Analysis. Heliyon 2019, 5, €01995. [CrossRef]

White, C.; Weinstein, M.C.; Fingeret, A.L.; Randolph, G.W.; Miyauchi, A.; Ito, Y.; Zhan, T.; Ali, A.; Gazelle, G.S.; Lubitz, C.C. Is
Less More? A Microsimulation Model Comparing Cost-Effectiveness of the Revised American Thyroid Association’s 2015 to
2009 Guidelines for the Management of Patients with Thyroid Nodules and Differentiated Thyroid Cancer. Ann. Surg. 2020, 271,
765-773. [CrossRef]

Hyun, M.K,; Kim, J.H.; Kwon, ].W. Incidence of Thyroid Cancer and Medical Cost among Patients with Newly Diagnosed Thyroid
Nodules in Korea: A Retrospective Cohort Study Using Nationwide Data. J. Cancer Res. Ther. 2019, 15, 676—680. [CrossRef]
[PubMed]

Ver Hoeve, E.S.; Ali-Akbarian, L.; Price, S.N.; Lothfi, N.M.; Hamann, H.A. Patient-Reported Financial Toxicity, Quality of Life,
and Health Behaviors in Insured US Cancer Survivors. Support Care Cancer 2021, 29, 349-358. [CrossRef] [PubMed]

Esserman, L.J.; Thompson, I.M.; Reid, B.; Nelson, P.; Ransohoff, D.E; Welch, H.G.; Hwang, S.; Berry, D.A; Kinzler, K.W.; Black,
W.C,; et al. Addressing Overdiagnosis and Overtreatment in Cancer: A Prescription for Change. Lancet Oncol. 2014, 15, e234—e242.
[CrossRef]

Canberk, S. Precursor and Borderline Lesions of the Thyroid (Indolent Lesions of Epithelial Origin): From Theory to Practice.
Gland Surg. 2020, 9, 1724-1734. [CrossRef] [PubMed]

Schnadig, V.J. Overdiagnosis of Thyroid Cancer: Is This Not an Ethical Issue for Pathologists as Well as Radiologists and
Clinicians? Arch. Pathol. Lab. Med. 2018, 142, 1018-1020. [CrossRef]

Culyer, A.J.; Newhouse, ].P. Handbook of Health Economics; Elsevier North Holland: Amsterdam, The Netherlands, 2000.
Neumann, PJ.; Sanders, G.D. Cost-Effectiveness Analysis 2.0. N. Engl. J. Med. 2017, 376, 203-205. [CrossRef] [PubMed]

Xu, X.; Grossetta Nardini, H.K.; Ruger, ].P. Micro-costing studies in the health and medical literature: Protocol for a systematic
review. Syst. Rev. 2014, 3, 47. [CrossRef] [PubMed]

Rutter, C.M.; Zaslavsky, A.M.; Feuer, E.J]. Dynamic microsimulation models for health outcomes: A review. Med. Decis. Making.
2011, 31, 10-18. [CrossRef] [PubMed]

Latouche, G.; Ramaswami, V. Introduction to Matrix Analytic Methods in Stochastic Modeling; SIAM: Philadelphia, PA, USA, 1999.


http://doi.org/10.1002/cncr.28562
http://doi.org/10.1089/105072503321669875
http://doi.org/10.1097/CCO.0000000000000143
http://www.ncbi.nlm.nih.gov/pubmed/25340592
http://doi.org/10.1007/s00268-015-3392-y
http://doi.org/10.1016/j.surg.2016.06.076
http://doi.org/10.1016/j.surg.2019.03.040
http://www.ncbi.nlm.nih.gov/pubmed/31526581
http://doi.org/10.1093/jnci/djp123
http://doi.org/10.5888/pcd12.140388
http://www.ncbi.nlm.nih.gov/pubmed/25633487
http://doi.org/10.1158/1055-9965.EPI-13-0242
http://doi.org/10.1016/j.surg.2013.06.042
http://doi.org/10.1200/jco.2007.25.18_suppl.17082
http://doi.org/10.2147/CMAR.S143148
http://doi.org/10.1530/ERC-17-0397
http://doi.org/10.1016/j.ejso.2015.01.019
http://www.ncbi.nlm.nih.gov/pubmed/25680952
http://doi.org/10.1016/j.surg.2015.06.049
http://www.ncbi.nlm.nih.gov/pubmed/26435427
http://doi.org/10.1016/j.heliyon.2019.e01995
http://doi.org/10.1097/SLA.0000000000003074
http://doi.org/10.4103/0973-1482.204895
http://www.ncbi.nlm.nih.gov/pubmed/31169239
http://doi.org/10.1007/s00520-020-05468-z
http://www.ncbi.nlm.nih.gov/pubmed/32361832
http://doi.org/10.1016/S1470-2045(13)70598-9
http://doi.org/10.21037/gs-20-429
http://www.ncbi.nlm.nih.gov/pubmed/33224850
http://doi.org/10.5858/arpa.2017-0510-ED
http://doi.org/10.1056/NEJMp1612619
http://www.ncbi.nlm.nih.gov/pubmed/28099837
http://doi.org/10.1186/2046-4053-3-47
http://www.ncbi.nlm.nih.gov/pubmed/24887208
http://doi.org/10.1177/0272989X10369005
http://www.ncbi.nlm.nih.gov/pubmed/20484091

	Introduction 
	Epidemiology of DTC 
	Overdiagnosis and Overtreatment 
	The Indeterminate Thyroid Nodule 
	Surgery as the Solution? 
	Surgical Technology: A Cost-Effective Addition? 
	Follow-Up: The Gift That Keeps on Giving? 
	Active Surveillance of PTMC 
	Healthcare Structure and the Growing Cost of Care 
	Do Guidelines Help Control Costs? 
	Future Considerations 
	Conclusions 
	Take Home Messages 
	Notes 
	References

