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An ever-increasing population of patients with elifintiated thyroid cancer is engaging with
healthcare systems around the world. Numerous ignestbout optimal management have
arisen that challenge conventional paradigms. iBhparticularly the case for patients with
low-risk disease, which comprise the majority ofvrgatients. At the same time, new
therapies for patients with advanced disease eld0o being introduced, which may have
the potential to prolong life. This review discusselected controversial issues in adult
papillary thyroid cancer management at both endeeotlisease spectrum. These topics
include: [i] the role of active surveillance for alnpapillary cancers; [ii] the extent of
surgery in low-risk disease (lobectomy versus ttitgtoidectomy); [iii] the role of
postoperative remnant ablation with radioiodine} iptimal follow-up strategies in patients,
especially those that have only undergone lobectamg [v] new therapies for advanced
disease. While our current management is hampsréaedack of large randomized
controlled trials, we are fortunate that data framgoing trials will be available within the
next few years. This information should provideiiddal evidence that will decrease

morbidity in low-risk patients and improve outcomeshose with distant metastatic disease.

Essential points

» Therising incidence of differentiated thyroid canmay be due to “overdiagnosis” but may also be
due to environmental exposures, which thus far hemacertain

* Many small papillary thyroid cancers are indolemd many do not require surgery. Newer less
invasive therapies (e.g., radiofrequency ablatiaser) are being developed.

e For low-risk disease, lobectomy provides outconmeda to total thyroidectomy with decreased
perioperative morbidity. Total thyroidectomy is icated when there is preoperative evidence for more
advanced disease, when more invasive diseasecisvdi®d intraoperatively, or when postoperative
histology dictates completion thyroidectomy follaiMey adjuvant radioiodine therapy.

« Radioactive iodine therapy has not been shown fwore disease specific mortality or recurrence
rates in patients with low-risk disease, partidyl@atients whose postoperative unstimulated serum
thyroglobulin is <0.5 ng/mL.
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« Postoperative unstimulated thyroglobulin and ndtlasound remain the mainstays of follow-up of
low-risk patients. However, persistent but low seitthyroglobulin levels have a very low positive
predictive value for current structural disease.

» Newer therapies with multikinase inhibitors andiffedentiation strategies hold great promise in
patients with advanced disease, but thus far, fdata randomized trials do not unequivocally demoatst
improved overall survival.

Papillary thyroid cancer, the most common endocmignancy, offers important public
health and individualized treatment challengesaleccp-makers and clinicians. The rapidly
rising incidence of papillary cancer, coupled wiibstly excellent long-term survival, has
created a large prevalent population of patientsil&\most of these patients do well, the
biology of papillary cancer is extremely diversenging from never-progressive/extremely
indolent lesions to aggressive metastatic canBatsents at low risk of thyroid cancer death
can still have important or even catastrophic ntpi(including invasion of trachea,
esophagus, large cervical vessels, and recurmgmigi@al nerves). Our ability to identify
those facing adverse outcomes remains imperfectredtments have risks. Finally, hardly
any treatment decisions in papillary thyroid canmme have rigorous randomized controlled
trial evidence to support their adoption, althoof@len contradictory observational research
on papillary thyroid cancer treatment continueprwiferate. Thus, there are many ongoing
debates about optimal papillary thyroid cancer rgangent.

Clinicians managing papillary thyroid cancer patseimave a multitude of sources to
consult, including comprehensive but variably updahternational treatment guidelines (1-
5). Many other excellent recent summaries, inclgdmEndocrine Review&), focus on a
comprehensive discussion of treatment for low-pagillary cancers. In this paper, we aim to
provide an up-to-date analysis of the key open @shia adult papillary thyroid cancer care
across its spectrum of disease, offer a roadmaggiimizing personalized care in the face of
evidence uncertainty, and explore how the evidgages may be bridged in the future.

Therising incidence of papillary thyroid cancer

The exponential, near worldwide increase in papiltayroid cancer incidence has been well
described. While this rising incidence began in1f80s, the intense research focus on
explaining the phenomenon developed in the eal®P2@nd continues today (7,8).

It is extremely likely that increased diagnosiswofall, clinically silent tumors (often
termed ‘overdiagnosis’) has occurred. The precaombtfor overdiagnosis of thyroid cancer
are clearly present. First, a reservoir of subctihpapillary cancer exists in many people;
this has been most famously documented on autgesnsens of cohorts who died of non-
thyroid causes (9). Second, we have the techno#igiity to identify these silent tumors,
whether it be through advanced imaging technig@iestmsound, computed tomography,
magnetic resonance imaging or 18-fluoro-2-deoxyagacpositron emission tomography
[*®F-FDG-PET] scans (10), or by systematic microscepmination of thyroid tissue after
surgical removal (11). Knowledge of small tumorggecaught “early” and successfully
treated, or conversely a fear of missing treatdldease when localized, are powerful
motivators in both patients and clinicians to perfaiagnostic procedures. When these
procedures diagnose cancer, a positive feedbapkdoold be created to identify more
disease and increase cancer incidence rates fitter

While the phenomenon of overdiagnosis has probadxdyirred worldwide, the Korean
experience is the most extreme example. Thyrordsdiund became a common screening
tool in the early 2000s (even though not part efdfficial cancer screening program)
(13,14). The age-standardized incidence of papitlayroid cancer (both sexes) rose from
6.3 cases/100,000 persons/year in 2001 to 60. /4882000 persons/year in 2013 (15). The
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vast majority of diagnoses were of small, localingétiors (16); nodules as small as 3 mm
diameter were documented to undergo fine needieatisp (17).

There are many potential harms from cancer ovendisig. Otherwise healthy individuals
may have significant psychologic distress from Ineicg a “cancer patient”. Diagnosis
usually leads to cancer treatments, with potentiaiplications from unnecessary surgery or
radioiodine treatment. Thyroid cancer patients Haaen documented to have significant
impairments in quality of life (18,19), which coube related to either or both of these
factors. There may be considerable personal fiahoosts related to cancer therapy, even
leading to bankruptcy (20). In addition to persacw@dts, the societal financial costs of
medical care through insurance programs (both govent and private) are large (21). For
thyroid cancer clinics, there may also be an oppart cost from these medical services
being overburdened with cases of extremely low-tiskase, preventing care and attention to
patients at higher risk. Finally, patients with aliagnosed cancers may be included in
research studies assessing causes of diseasensaldptatments, and could therefore
contaminate the research findings (22).

Difficult challenges exist in reducing overdiagrsobarm. Not all incidental diagnosis can
be avoided; for example, small tumors may be ifiedtduring appropriate medical
assessment for symptoms potentially due to thyeaitter, or on histologic examination of
surgical specimens resected for benign compresgsiver (23). Clinicians also face the
dilemma of how to distinguish an “overdiagnosedddhfrom one that would cause clinical
harm in the future if left unattended. Finally, sopatients with small, incidentally identified
cancers may feel psychological benefit from hawdrdjagnosis made and treatment
performed.

Therefore, we require a multi-pronged public heajtproach that attempts to reduce
unnecessary diagnosis and the harm resulting fiagndsis. Table 1 conceptualizes possible
solutions within a modified Haddon’s matrix incorpting peri-diagnostic time-points and
factors where interventions could be targeted ¢padi diagnostic technology and definitions,
and healthcare providers and environment). Sonmeage suggests that initial efforts to
prevent overdiagnosis are having an effect, witagparent slowing of the incidence rise in
the USA (24) and a reducing (but still very high¢idence rate in Korea (25).

A key question is whether all the increase in papilcancer incidence is due to
overdiagnosis. This is an important issue, becduwse/ironmental causes of thyroid cancer
are driving part of the increased papillary canceidence, a singular focus on overdiagnosis
prevention could be harmful by preventing earlgamtification of clinically significant
disease. Several lines of evidence support a “ineréase in thyroid cancer incidence. The
incidence of large thyroid cancers as well as simatlors has increased (26-28). The
incidence of advanced papillary cancers (e.g. ghath lymph node or distant metastases
(26,28,29), aggressive subtypes such as tall aelints (30), or significant extrathyroidal
extension (28,31)) have also increased. Finaltisiag papillary thyroid cancer mortality has
been reported in the USA (32), and in Korea be?®@4 (with a subsequent decline
thereafter) (33). Counterarguments have been ntadgr tumors may be incidentally
diagnosed through imaging (34); modern surgicalstading approaches could conceivably
lead to upstaging of disease over time; and pri®ing¢idence-based mortality rates were
higher in the 1970s than now (7). Thus, currentanos trending rates could represent
statistical noise (although this argument assurnd@mprovements over time in directed or
supportive treatments of advanced cancer patients).

With the possibility/probability that a portion tfe rising thyroid cancer incidence is due
to changes in environmental exposures, a steadynsign in efforts to define papillary
cancer risk factors has occurred. However, mudhegvidence remains preliminary. Table
2 discusses proposed risk factors examined in epadegic studies. One particular difficulty
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in interpreting the literature is the potential tmnfounding by diagnosis, i.e., the inclusion
of ‘overdiagnosed’ patients who might never manitdisical disease (assuming that
‘overdiagnosed’ patients have different exposuddiles than patients with clinical disease).
Ideally studies should be powered to include enqagtents with clinically significant
cancer to assess exposure-disease associatitresegatients, and/or assess putative risk
factors’ associations with molecular markers oédige severity (e. BRAF°*°mutations).

Initial therapy of papillary thyroid cancer

Should all cancersbetreated?

Most patients with papillary thyroid cancer haveeaellent prognosis. This is especially
true for those with the smallest tumors, the papjlinicrocarcinomas (defined as diameter
<10 mm). Given our knowledge of overdiagnosis da@ssociated harms, an important
guestion is whether all diagnosed papillary canfgasticularly microcarcinomas) need
treatment.

The pioneering work of Miyauchi and colleagues atrt& Hospital, Japan has provided
essential data on the natural history of papillrgrocarcinomas. From 1993, most patients
with biopsy-proven papillary microcarcinoma weréeoéd either immediate surgery or
observation (commonly called active surveillancegl@sion criteria were nodal or distant
metastases, concern of high-grade malignancy @spj@and potential for tracheal or
recurrent laryngeal nerve invasion) (59-64). Thedaoutcomes paper assessing 1263
patients who chose active surveillance reportdwimid cancer deaths, no distant
metastases, 3.8% development of nodal metastat@syatrs, and 8% with tumor
enlargement3 mm at 10 years (61). The risk of disease progmessas highest in the
youngest patients: 10-year disease progressiam fatient age in their 20s was 36.9%,
progressively declining with each decade of age &6 for patients in their 70s (62).
Numbers of patients in the active surveillance gratno experienced complications from
their treatment were significantly fewer than fatipnts who chose immediate surgery
(reflecting fewer patients being exposed to surgeven when treated in a very high-volume
institution) (63). The 10-year cost of active suifaace vs immediate surgery appears to be
lower, at least in the Japanese setting (64).

Other groups have published early data that suppetive surveillance approaches for
papillary microcarcinomas. The longest running paog from the Cancer Institute Hospital,
Japan (65-68) reports near identical results tdtmaa Hospital group for microcarcinoma
patients (the latest report for 360 patients wimamfollow-up 7.3 years documents no
thyroid cancer deaths, no distant metastases, {#ajenent of nodal metastases, and 8%
with tumor enlargememt3 mm) (68). The first American report from Memor&ban
Kettering Cancer Center described tumor grow8hmm diameter in 9 of 232
microcarcinoma patients (3.9%) during median folagwof 2.1 years (69). Researchers from
Asan Medical Center, Korea report that four of p@pillary microcarcinoma patients
observed without surgery over a median follow-uR.&fyears had diameter increase>By
mm (70). Finally, in 126 microcarcinoma patientdédwed with active surveillance for a
median follow-up of 2.1 years at Samsung Medicalt®e Korea, seven nodules gre®
mm diameter, and one patient had nodal metast&kjsi( the latter three analyses, the
change in tumor volume was proposed to be a moi@ts® measure of growing tumors
than tumor diameter.

The above data support a choice for biopsy-provienorarcinoma, either immediate
treatment or active surveillance. The current AceariThyroid Association (ATA)
guidelines for the management of thyroid nodulebstagroid cancer cautiously acknowledge
this choice, and they also call for further studedefine the role of active surveillance (1).
However, the guidelines also state that thyroiduteslwithout accompanying
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lymphadenopathy should not undergo fine needleasm until>10 mm diameter
(Recommendation 8), even when high suspicion wtnad features are present (1); previous
guidelines also discouraged biopsy of small lesatimugh were less prescriptive (72,73).
Clinicians following the ATA guidelines for nodutkagnosis are therefore performing active
surveillance by default on a subset of their pasielbecause some of them will have
microcarcinomas. The active surveillance data ssigips “default” approach is safe for the
vast majority of patients. Future research will i clarity on which patients are at highest
risk of disease progression with active surveileafar proven or potential papillary
microcarcinomas, and thereby positively impactichkhmanagement.

Papillary microcarcinoma has an arbitrary metrisraggon (<10 mm), but most patients
with intrathyroidal papillary cancerslO mm diameter also have an excellent prognosie. Tw
small studies have reported on the outcomes foreastirveillance for papillary cancer0
mm diameter. The Memorial Sloan Kettering study tioe@d above included 59 patients
with tumors 11-15 mm diameter; two had increaseimor diameter3 mm and five had
tumor volume increaseb0% (69). The Cancer Institute Hospital reportesiits for 61
patients with tumors 11-20 mm (mean follow-up 7e@ng) (68). There were no deaths, no
patients with distant metastases, two patients mothal metastases, four patients with
increase in tumor diameteB mm, and seven patients with0% increase in tumor volume.

Nonsurgical therapy for papillary microcarcinomias)uding low power microwave
ablation (74), radiofrequency ablation (75), argklaablation (76) are novel and potentially
useful therapies for papillary microcarcinoma.

Surgical approaches

For almost all papillary cancers needing treatm&nigery is the key therapy. The goals of
surgery are to remove the primary tumor, minimiee risk of disease recurrence, provide
accurate staging, and to allow radioiodine to Heveled, when appropriate. Accurate
preoperative assessment is critical to surgicaka®emaking. The main surgical options are
extent of thyroidectomy (either total thyroidectomrylobectomy) and whether to perform
neck nodal dissection (no dissection or centrah witwithout ipsilateral dissection); the
optimal approach remains controversial today.

Preoperative assessment
Ultrasound is widely accepted as the first-line ging technique for preoperative assessment
in papillary thyroid cancer. However, ultrasoundwacy is operator-dependent, and even
with skilled sonographers, may not fully apprecidwe extent of disease in certain neck
locations (particularly the upper mediastinum,aplraryngeal space, and posterior to the
thyroid for tracheal invasion and tracheoesophagisehse). A recent meta-analysis also
suggested that the combination of ultrasound antrast-enhanced computed tomography
was superior to either technique alone in idenidy¢ervical node metastases (77). Surgeons
should therefore strongly consider preoperativesssectional imaging (i.e., contrast
enhanced computed tomography) where there is amyt@s to ultrasound quality, if disease
is suspected at locations where inadequate ultnasionages are likely (e.g., large posterior
nodules), or for clearly aggressive cancers whergsesectional imaging may assist in
identifying additional nodal metastases). Whils itrue that administering intravenous
contrast with computed tomography imaging will resteate a delay in any radioiodine
treatment, this time may be less than traditionaiommended (78) and any disease that is
radioiodine-sensitive at the time of surgery igljkto remain so 1-3 months post-operation.
One tantalizing future possibility is the use oé4qmperatively identified molecular
markers (i.e., via fine needle aspiration) to guréatment intensity. These could
conceivably identity low and high-risk phenotypesl &e used to prevent over-treatment of
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likely indolent disease or under-treatment of tusnwith high-risk molecular features. At
present, data are insufficient to recommend this@gch.

Lobectomy verses total thyroidectomy

The pendulum continues to swing regarding the éxiesurgery required in papillary
cancer. Ten years ago, the 2009 ATA thyroid cagoetelines recommended total
thyroidectomy for all papillary cancers >10 mm detar and stated that lobectomy may be
sufficient for low-risk, unifocal, intrathyroidal iwrocarcinomas (73). These
recommendations were based on data from the USiNatCancer Data Base, which
suggested a survival advantage in patients wittottiycancer$10 mm diameter who had
more complete surgery (79). However, that study exiemely controversial, with other
large population-based datasets analyses (80f82)iding a re-examination of the National
Cancer Data Base (83), showing no survival befreiih total thyroidectomy compared to
lobectomy in low-risk patients. Single center cab@lso confirm an extremely low mortality
and recurrence risk in patients undergoing lobegt(84), at the expense of a small
increased risk of recurrence in some (85-87), bt studies (88). All current guidelines
now suggest lobectomy for intrathyroidal papillamcrocarcinoma. More controversially,
these guidelines support either total thyroidect@mipbectomy for most patients with
papillary cancers 10-40 mm diameter and withoutaglxyroidal extension or clinical
evidence of lymph node metastasis (1-5). Guidelaugginue to support total thyroidectomy
in those patients with the largest tumors or higk pre-operative clinical features, and
completion thyroidectomy for those patients witgher risk histologic features.

Lobectomy has the clear advantage of fewer surgmalplications. Compared with total
thyroidectomy, lobectomy patients experience lggobalcemia and recurrent laryngeal
nerve injury (89,90). Most lobectomy patients waiko not need thyroid hormone
replacement (90,91).

Despite data suggesting low risk of adverse camggomes and lower chance of adverse
surgical effects with lobectomy, the debate ovemogl extent of surgery persists (92). The
strongest argument for total thyroidectomy is tovalbetter individualized postoperative risk
stratification and surveillance, including via raiddine scanning and serum thyroglobulin
measurement. Post-lobectomy dynamic risk stratiboadata show promising early results,
but the numbers of supporting studies are smaib@3and cutpoints for serum
thyroglobulin response are not well defined ($adoring follow-up strategies to the extent
of initial treatmentsection) (97). It is therefore understandable soate clinicians seek to
minimize uncertainty by advocating more extensreatinent. Another suggested reason for
total thyroidectomy is that adverse histologic teas (e.g., tall cell variant of papillary
cancer, follicular cancer with vascular invasioah ®e found in lobectomy specimens, which
may lead to completion thyroidectomy (althoughdlaga suggest that this applies to a
minority of patients, when using very strict criéefor mandating completion thyroidectomy
based on histologic features) (98). It has alsm la@gued that because the contralateral lobe
may harbor additional cancers (mainly microcarciaer(®9)), total thyroidectomy would
prevent the need for reoperation. However, itkislyi that many contralateral
microcarcinomas would never progress clinically aaeking them in total thyroidectomy
specimens could constitute a form of overdiagndsistudies from the Memorial Sloan
Kettering Cancer Center that have compared locairrence rates with lobectomy versus
total thyroidectomy without radioiodine remnantatimn, no differences in locoregional
recurrence rates were seen 289 patients (thyrbectomy (n=72) or total thyroidectomy
(n=217) after a median of 5 years of follow-up (1.G0d similar findings were seen in a
similar retrospective cohort of 789 patients (Idbety n=261; total thyroidectomy n=528)
with a median of 8 years of follow-up, with locor@gal recurrence rates of <1% in both
surgical groups (88). It is reasonable to sugdestd second surgery in the rare patient with
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locoregional recurrence is preferable to subjecatihgatients to what is likely unnecessary
surgery in the majority. Furthermore, a recent paiman-based study found a higher rate of
adverse quality of life issues and/or treatmeratesl effects in patients who had undergone
total thyroidectomy (excluding those who also hatéral neck dissections) compared with
those who had undergone a lobectomy (OR, 1.49; 95%04-2.12) (19).

A key question for clinicians and patients condittgconservative surgery is what
specific disease-related features should prechioieckomy or lead to completion
thyroidectomy, taking into account patient prefeesand health system expertise. A closely
related consideration is whether radioiodine abfathould be performed, given that total
thyroidectomy is almost always a prerequisite fos {101). Clearly, preoperative evidence
of gross extrathyroidal extension, nodal metastisease, or distant metastases mandate a
total thyroidectomy, and the presence of contredateenign disease might favor a total
thyroidectomy. It is critical for the surgeon tedluss the possibility of the need to convert a
planned lobectomy to a total thyroidectomy withwathout central neck dissection, based on
intraoperative findings that were not apparent @operative imaging (e.g., extrathyroidal
extension, recurrent nerve involvement, clearhhphrgic adenopathy). The identification of
very low risk histologic diagnoses (e.g., non-invadollicular tumors with papillary-like
features (102)) would argue against completiondigigctomy following diagnosis on
lobectomy. Figure 1 describes a framework for plaghe surgical approach for
preoperatively diagnosed papillary thyroid canéermentioned above, we anticipate that in
the future, pre- or postoperatively available saongénomic/molecular profiles will be
validated to assist with the personalization ofyg#l treatment decisions. At present, the
data are insufficient to recommend usBiRAFmutation (or any other gene’s) status in this
decision-making, although the ATA differentiategttid cancer guidelines includ®RAF-
status as part of their modified Initial Risk Sifiaation criteria (1).

Extent of neck dissection
After resolving the extent of thyroidectomy, thexnkey surgical issue is to determine the
extent of neck nodal dissection, if any.

Where no clinical evidence of nodal disease mesesexists (either pre- or intra-
operatively), the treating surgeon must decide dretio perform ‘prophylactic’ central node
dissection of level VI of the neck (prelaryngeaktpacheal and paratracheal lymph nodes
bound superiorly by the hyoid, laterally by theatats, and inferiorly by the innominate
artery on the right and the corresponding axiah@lan the left (103)), which may be a
bilateral dissection but is often performed onlytloa ipsilateral side to the primary tumor.
Proponents suggest that prophylactic central naction regularly identifies nodal
disease and potentially reduces recurrence riskaad for reoperation in a scarred surgical
field. Additionally, increased staging and riskasification information is available
postoperatively. However, not resecting microscagictral cervical nodal metastases that
would be identified by prophylactic central nodesdiction does not appear to influence the
prognosis of low-risk papillary cancer (104,105)ddhe only randomized controlled trial
evidence available (albeit in a small study) doatsshow an effect on recurrence risk (106).
Increased staging information for clinicians alsis prompting excessive postoperative
treatment (e.g., radioiodine) from up-staging patiedisease (107). Finally, while the risks
of permanent surgical morbidity such as recurranrigeal nerve injury and
hypoparathyroidism are low some series, increases 10f these complications in have been
reported in other settings (108). On balancingehssues, the ATA concludes that not
performing prophylactic central node dissectioappropriate for patients with smaller,
lower risk papillary cancers (i.e., intrathyroidd and T2 tumors) (1).

There is clear consensus for compartmental nesledi®n of involved neck areas (as
opposed to simply ‘berry picking’ clinically abnoatmnodes). If the central neck (level VI) is
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the only area clinically involved, targeting thisnepartment is likely sufficient; however,
more extensive lateral neck dissection is requivetateral (N1b) nodal disease. Uncertainty
exists in the decision to include level V dissettio modified the lateral neck dissection for
N1b papillary cancer patients, balancing the paébenefit of reducing
persistence/recurrence risk and preserving ofutthetion of the spinal accessory nerve
remains controversial (109).

Postoperative radioiodine therapy

There are perhaps few controversies more heate ithyroid cancer field than whether
radioiodine should be used routinely following tateyroidectomy for patients with low-risk
papillary thyroid cancer. Part of the difficultyperhaps the failure to distinguish between
remnant ablation and adjuvant therapy, which atk boder the rubric of “postoperative
radioactive iodine therapy”. In low-risk patientadioiodine is used in two contexts: [i]
“remnant ablation” to destroy remnant tissue remngimfter surgery, which may improve
staging based on a posttreatment scan, and wiaondtically will allow more specific
follow-up with diagnostic radioiodine scanning aetum thyroglobulin measurements; and
[ii] adjuvant therapy, given to destroy “occult’séiase in those low-risk patients who may be
at higher risk for recurrence, but which will notprove disease specific survival. In addition
to the semantic problem, the lack of prospectivelomized controlled trials showing benefit
from radioiodine therapy, particularly in low-ripltients, is an additional difficulty leading
to disagreements among various professional gr@u@4$0,111).

The ambiguity between “remnant ablation” and “adjotvtherapy” is illustrated by two
randomized controlled trials showing that “high efb6L00 mCi) and low dose (30 mCi)
radioiodine therapy using either withdrawal or mabeant human thyrotropin (TSH) were
equivalent in achieving remnant ablation (112,1C8)e might ask whether the
administration of 100 mCi of radioactive iodine sttutes remnant ablation or adjuvant
therapy. In any event, although neither trial wasighed to assess long-term outcomes in
thyroid cancer patients, both trials have repoaedates of residual/recurrent disease after
long-term follow-up. Neither showed a differencecag any of the treatment arms: for the
HiLo study, recurrence rates were: 1.5% vs 2.1%\aars; , 2.1% vs 2.7% at 5 years; and
5.9% vs 7.3% at 7 years (HR 1.10; 95% CI 0.47 5 »=0.83), for low and high dose
groups, respectively (114). For the second stu@T(EMABL1), the recurrence rate was 2%
at a median follow-up time of 5.4 years, again withdifference between the high and low
dose radioiodine groups (115). There are two ranzidncontrolled trials, IoN
(NCT01398085) and ESTIMABL2 (NCT01837745), whicHlywrovide vital information,
since both trials have a “no therapy” arm. Theasdists are ongoing and should provide the
needed information about the usefulness of posatiperradioiodine therapy.

While there is evidence from retrospective studigsproved outcomes possibly in
older patients and those with intermediate riskase (116,117), the overwhelming majority
of patients have low-risk disease. In such patjghese are currently no data to support the
use of radioactive iodine therapy for remnant attaor for adjuvant therapy (118,119). The
ATA guidelines stress that “RAI [radioiodine] rermtablation is not routinely
recommended after thyroidectomy for ATA low-risk OTdifferentiated thyroid cancer]
patients. Consideration of specific features ofitisividual patient that could modulate
recurrence risk, disease follow-up implicationg] patient preferences are relevant to RAI
decision-making.” (1). Unfortunately, recent dataw that the decision to administer
radioiodine therapy in low-risk patients in the téwi States is often driven by nonclinical
factors, such as geography, ethnicity, and ins@atetus (120). In order to bridge some of
the gaps in practice between endocrinologists aietear medicine physicians, leaders from
the American Thyroid Association, the European Assgmn of Nuclear Medicine, the
Society of Nuclear Medicine and Molecular Imagiaggd the European Thyroid Association
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recently published a set of “guiding principleslated to radioiodine therapy for
differentiated thyroid cancer that will hopefullgad to less variation in practice (121).

Given modern highly sensitive serum thyroglobuksays, as well as high-resolution
ultrasound, some have argued that the need foraetablation in low-risk patients is no
longer necessary (92). Indeed, if the goal of ramhahlation is to achieve an undetectable
serum thyroglobulin, some have wondered whethenagrmablation is even ethical in
patients who already have very low or undetectpbfgoperative serum thyroglobulin levels
(122). There is little evidence to support routiesnant ablation in such patients (123-125).
Even in patients not receiving remnant ablation wbaot have undetectable postoperative
serum thyroglobulin levels, these levels tend trel@se substantially over time, often
becoming undetectable (126). Further, there isaldecrease in thyroglobulin autoantibody
titers over time in low-risk patients not undergppostoperative radioiodine therapy (127).

In addition to the controversy about the true effic of radioiodine therapy, its role has
become less relevant in 2019, since lobectomy, iatadvantages of safety and potential
preservation of thyroid function, is becoming aeremore popular surgical approach to the
management of low-risk thyroid cancer (1,128). &tignts undergoing lobectomy,
completion thyroidectomy would only be considenedpatients for whom a bilateral
thyroidectomy would have been recommended hadidtgndsis been available before the
initial surgery” (1), and mainly done to facilitat@dioiodine therapy. In patients with
intermediate risk disease with lower risk featueg., small central neck lymph nodes), who
have undergone total thyroidectomy (either at thiset or after completion thyroidectomy),
the ATA recommends low dose radioiodine therapyn(@li; recommendation 55A) (1). In
contrast, activities up to 150 mCi are recommerfdethose patients with large remnants or
who have suspected residual disease for whom adjtivarapy is indicated
(recommendation 55B) (1). However, whether radimiedvill improve outcomes in such
patients will not be known until the results of laRd ESTIMABLZ2 are published. With that,
there hopefully will be broader agreement on treeafspostoperative radioiodine in low-risk
disease, which accounts for the vast majority pfdidl cancer patients (129).

Thyroid hormone suppression therapy: isit necessary?
Since TSH is a growth factor for thyroid tissue #émgtoid cancer, the idea that maintaining a
low serum TSH would benefit patients with thyro&hcer has been a cornerstone of thyroid
cancer treatment for over half a century (130,1Bbwever, older studies often did not
distinguish between replacement and suppressioagieand they lacked the ability to
detect low volume recurrences using thyroglobuleasurements and high-resolution
ultrasound. More recent studies have not showmafligrom aggressive suppression
therapy (undetectable serum TSH in a third germraliSH assay) or even less severe
degrees of TSH suppression (i.e., serum TSH <0.ALjnb patients with low risk disease
(118,132-134). In contrast, one retrospective stuabgd a strong survival benefit of
maintaining serum TSH levels below 0.1 mU/L in pats with advanced disease (134).
There has been only one randomized controlleditriadhich patients’ serum TSH levels
were adjusted to remain within the reference ramgsus levels <0.01 mU/L (135). In this
study, no difference in disease-free survival wated after almost 7 years of follow-up,
including in a separate analysis of high-risk pase

One major benefit of thyroid lobectomy versus tttgroidectomy in low-risk disease is
the possibility that patients may not need postaiper thyroid hormone therapy. Recent
studies have shown that a preoperative serum TSHmW/L (136) or 2.5 mU/L (137) is a
predictor of postoperative hypothyroidism, espégidlanti-TPO antibodies are positive
(137). A retrospective study showed that patieritesg serum TSH levels were maintained
below 2.0 mU/L with levothyroxine after lobectormgréd no better than patients whose
serum TSH levels were allowed to remain betweera@d4.5 mU/L (138). However, there
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was a difference in the frequency of incompletech@mical responses between the two
groups, with patients not receiving levothyroxiraimg a higher rate compare to patients
who serum TSH levels were maintained <2.0 mU/IZ%vs 9.4%). It should be noted that
patients in this study who underwent lobectomy alsg an ipsilateral prophylactic central
neck dissection, making comparisons with patierite have only undergone a lobectomy
difficult.

In addition to dubious benefits in low risk patignbng-term suppression of serum TSH
can result in a number of adverse consequencdsding cardiovascular disease (139), atrial
fibrillation (140-142), osteoporosis (143), ankrid fractures (140). These negative effects
of iatrogenic exogenous subclinical hyperthyroidiemthe heart and skeleton are most
striking in older individuals and in postmenopausamen, respectively.

Current ATA guidelines recommend no TSH suppressidow and intermediate risk
patients who have had an excellent response trtesd (serum TSH levels of 0.5-2.0
muU/L), but recommend mild TSH suppression (serurkdl T&vels 0.1-0.5 mU/L), in high-
risk patients who have had an excellent responteetapy (1). Mild TSH suppression is also
recommended for patients who have an incompletehkimical response to therapy. More
aggressive suppression (serum TSH <0.1 mU/L) smeacended for those patients with
residual structural disease or a biochemically imgiete response if the patient is young,
premenopausal, or is at low risk for developinglzarascular complications. The guidelines
also emphasize ongoing risk assessment of thengattayroid cancer status, as well as the
patient’s potential comorbidities, older age, mengal status, and the interim development
of cardiovascular disease. Other clinical guideliseggest similar schemas (2-5).

Key decisionsin follow-up

Tailoring follow-up strategiesto the extent of initial treatment

With practice guidelines (1-5) recommending riskyatgéd management of papillary thyroid
cancers, defining follow-up strategies tailoredhitial treatment is mandatory. This is
especially critical as the adoption of these gumngl will lead to an increase in conservative
surgeries (144). However, while current guideliokesirly outline the follow-up protocols to
be applied to patients who have had a total theaimmy (with or without radioiodine
remnant ablation), there are no clear, straighéfodwvecommendations on the assessment
schedule that should be adopted in patients withilpey thyroid cancer who have undergone
lobectomy. This is mainly because the majority\aflence comes from patient cohorts who
have undergone the traditional extensive therapeiproach.

In patients who have had a total thyroidectomywit without radioiodine), a disease-
free status (also known as excellent response) gsegpundetectable serum thyroglobulin
levels (basal or TSH-stimulated), in the absenaateffering antibodies, and no clinical and
imaging evidence of tumor (1,145,146). Thyroglobulas a central place in this definition of
“cure”, because when structural recurrence oceupgsitive thyroglobulin result is usually
identified before abnormal imaging. A new generatid highly sensitive thyroglobulin
assays, characterized by a much improved analgaaitivity, have been endorsed by
current international guidelines (1) and are beognmnore common in clinical practice. By
applying these methods, serum thyroglobulin lew®l2 ng/mL during TSH suppression or
<1 ng/mL after TSH stimulation reliably identifyake patients who remain disease-free over
time; the negative predictive value is close to%Q0Q47-149). Since sensitive measurements
of basal thyroglobulin provide similar information disease status as stimulated
thyroglobulin determinations, TSH stimulation maydvoided if sensitive assays are
available. Regardless of the method used, thyragjlokevels should always be interpreted
in light of the pretest probability of clinicallygsificant residual tumor. In low to
intermediate risk patients who have undetectabilense¢hyroglobulin and no structural
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evidence of disease on neck ultrasound at iniiséssment (excellent response to therapy),
the future recurrence risk is <2% (145,146). Theseents can be safely followed with
periodic (every 12-24 months) serum thyroglobuhid ghyroglobulin antibodies assays and
neck palpation, without routine use of ultrasonpgsa Repeated neck ultrasound assessment
in these patients may lead to more false posithairigs (up to 67%) than true disease
(<1.2%) (150,151). Undetectable thyroglobulin Ieviel patients with initially high-risk
cancers may require additional, second-line diatimpsocedures to rule-out disease (see
following section), as the absence of the circatumor marker may simply reflect the
dedifferentiation of the residual neoplastic foedaheir loss of ability to synthesize or
secrete thyroglobulin. On the other hand, minimd#yectable thyroglobulin values in
individuals at low to intermediate risk carry aywéw positive predictive value (147), and a
significant proportion of patients with a biocheallg indeterminate response (basal
thyroglobulin 0.2-0.99 ng/mL) or a biochemicallcomplete response (basal thyroglobulin
>1 ng/mL) to therapy remain free of structural dsseduring prolonged follow-up (152-154).
In these patients, the thyroglobulin trend may &kpfiul in correctly classifying them, in that
declining values predict a disease-free statusredserising levels suggest the presence of
growing neoplastic foci (126,155). The presencthgfoglobulin autoantibodies can falsely
lower immunometrically determined thyroglobulin é&s (156). Alternative biochemical
approaches to follow thyroglobulin autoantibodyipes patients include: [i] using
radioimmunoassay or liquid chromatography-tandermssisgectrometry for thyroglobulin
measurements (156), as they resist thyroglobulinaaatibody interference (however, the
functional sensitivity is much lower, being 0.5-¢/mL); [ii] using highly sensitive
thyroglobulin assay and applying lower thyroglobuhresholds than in patients without
thyroglobulin antibodies (157); and [iii] assessthg temporal trend in thyroglobulin
autoantibody titers (158,159).

However, for post-lobectomy patients, a thyroglaiglentered definition of disease
status is problematic and is supported by muchdeskence. Here, thyroglobulin assay
results cannot discriminate between a “benign”dagiobulin from the residual thyroid lobe,
and a “malignant” thyroglobulin from small volumesidual disease. Reliable thyroglobulin
cutoffs for distinguishing these two states havebeen established, and the role of serum
thyroglobulin assay trends has to be determineclit”off of 30 ng/mL has been proposed to
discriminate between patients having or havingamoéxcellent response to therapy (93-96).
While this value has yet to be validated, many @k are expected to introduce wide
variability in thyroglobulin levels among subjewgigh a residual thyroid lobe. These include
the volume of the residual thyroid tissue, the Ti&¥ls, and the iodine supply. Based on all
these considerations, neck ultrasound is univgrsatjarded as the essential tool for
assessing the response to initial treatment irep&tireated with lobectomy (1-5). Since a
conservative management approach is reservedverisi patients, in the few cases that
recur after lobectomy, disease is almost alwayalioed to the neck (84,160). These
recurrences may involve the ipsilateral thyroid bed lymph nodes, and the contralateral
lobe, which can all be sonographically identifiesing well-established criteria (161-163).
Similar to thyroglobulin assays, neck ultrasounsd &aigh sensitivity, but the specificity
may be lowered by false-positive findings (150,16%6). Watchful waiting is thus
appropriate for low-volume lesions, while fine-nkedspiration cytology or
thyroglobulin/molecular assay of needle washoudf(d67,168) may be warranted to
confirm malignancy in those lesions with documergdctural disease progression and who
will undergo further treatment if recurrent dise@seonfirmed (1). The ATA guidelines set
the short-axis nodal diameter cut-off for when impy at 8 mm for central neck nodes, and
10 mm for lateral neck nodes (1). However, mango#dditional factors should be taken
into account when considering surgical options.sehaclude the risk of revision surgery

11

6102 AInp 9z uo Jesn Asieaun sunidoH suyor Aq 9/G5€55/S8000-610219/01Z1 0 L/10P/19BISGE-8|dI1E-00UBADE/AIPS/L0Y"dNODILSPEDE//:SAJ)Y WO POPEOUMOQ



Endocrine Reviews; Copyright 2019 DOI: 10.1210/er.2019-00085

(e.g., proximity of the nodal lesions to vital sttures, functional status of the vocal cords),
primary tumor factors (e.g., histology or molecipatterns associated with aggressive
behavior), and patient factors (e.g., age, comdrbg] patient preference).

What to do with rising thyroglobulin levels

Among patients who have had complete thyroid glk@mdoval, with or without postoperative
radioiodine therapy, the proportion of patientswgéerum thyroglobulin levels above the
disease-free (excellent response) cut-off valugedrom 20 to 40% (169). While patients
with low but detectable serum thyroglobulin levets ng/mL) and no structurally
identifiable neck lesions at ultrasound are exgbetieemain disease-free during prolonged
follow-up (170,171), individuals with higher valuesrapidly increasing values (i.e.,
doubling time <1 year) are more prone to have aleteelop a structural recurrence
(155,172,173). In these cases, second-line imagindjes may be warranted to detect
persistent tumor foci (Figure 2). The diagnostiakvop may include functional (whole-body
radioiodine scanning anF-FDG-PET scanning) and cross-sectional (computed
tomography or magnetic resonance imaging) studid$®). It is noteworthy thatF-FDG-
PET has a much higher sensitivity than the postaieutic whole bodg/ scan (97% vs 22%),
and it can also provide prognostic information (174). Avidity with**F-FDG is most
commonly seen in the more aggressive histologiapillary thyroid cancer variants (175),
radioiodine-refractory disease (176), patients whifroglobulin levels exceeding 5 ng/mL or
rapidly increasing (i.e., doubling time <1 yearJ 8}, and after TSH stimulation (177)
(although conflicting results have been reportedhimissue; thus TSH stimulatétF-FDG
not routinely recommended in the clinical practit62)). The option of the empiric
radioiodine treatment may be considered in patientghom cross-sectional studies'&-
FDG-PET have failed to reveal a tumor source (bweler, there is no evidence that such
an approach improves survival, and watchful waiting! disease is detected on anatomic
imaging remains an option.

Advanced papillary thyroid cancer management

Current management with multikinase inhibitor therapy

While one third of the papillary thyroid canceripats with radioiodine-avid metastatic
disease can be successfully treated with therapeadioiodine activities, the remaining
patients do not benefit from repeated radioioduh@iaistrations. The overall 10-year
survival rate drops from 92% in the first groupl&% in the second (178). The latter group
may be eligible to move from a radionuclide-targetancer therapy to a kinase-targeted
therapy.

Proposed characteristics for a patient having radioe-refractory thyroid cancer
include: target lesions that do not take-up radivagodine either on a diagnostic or
posttreatment radioiodine scanning (even if accongobby radioiodine-avid lesions); or
progression despite a substantial radioiodine @ptaka cumulative radioiodine activity of
>22.2 GBq (600 mCi) (1,121). These features caoflelp in identifying patients who may
qualify for systemic treatment, in the presencsyohptomatic or significantly progressive
metastatic disease (Figure 3). Before consideripgti@nt as eligible for systemic therapies, a
thorough assessment should be performed to asbetiser one or more lesions are
amenable for localized treatments. This appliese@sfly to those individuals with one or
few areas of metastatic spread (oligometastases)ulbiple lesions with an isolated area of
progression (oligoprogression). A variety of apptues are available, including surgery,
radiotherapy or percutaneous minimally invasivétegues (e.g., ablation of metastatic
lesions with laser, radiofrequency energy, microsg\cryotherapy, radio or
chemoembolization) (182,183) Additionally for skalenetastases, low level-of-evidence
data support a benefit of bone resorption inhiki{lmisphosphonates and denosumab) in
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potentially decreasing the skeletal related ev@ntg, pathological fractures, spinal-cord
compression) and improving pain (184,185).

For radioiodine-refractory papillary thyroid cangeatients eligible for systemic therapy,
two options are approved by the European Medicigency and Food and Drug
Administration: sorafenib and lenvatinib. Both aral multikinase inhibitors with
antiangiogenic activity and both have been investid in large, randomized phase Ill trials:
DECISION (186) and SELECT (187), respectively. Bstildies showed a statistically
significant improvement in progression-free surVifthe primary endpoint) compared with
placebo. For sorafenib, the median progressionsueeval was 10.8 months vs 5.8 months
for placebo (HR, 0.59; 95%ClI, 0.45 to 0.76; p<0DQ8vhile for lenvatinib, the median
progression-free survival was 18.3 vs 3.6 monthglacebo (HR, 0.21; 99% CI, 0.14 to
0.31; p<0.001). No significant difference in ovémlrvival was observed in the either trial,
possibly related to the fact the patients in trez@bo groups were allowed to “cross over” to
active therapy at the end of the trials. Howevweg prespecified subgroup analysis of the
lenvatinib trial, a significant improvement in oaéirsurvival emerged in patients aged >65
years (188). Both multikinase inhibitors can cansgortant adverse events and require close
monitoring; specific management strategies may mize their incidence and severity (189).
Although the main goal of cancer therapies is inaprg the quantity and quality of patients’
lives, whether these drugs are able to improveytiadity of life has not been characterized.

Beyond these two agents (i.e., sorafenib and laril®tno additional therapies are
currently approved for treating patients with acyenh radioiodine-refractory papillary
thyroid cancer. When disease progression occunsdients treated with multikinase
inhibitors, clinicians have several options. Fagaprogression, patients may benefit from
combining a localized treatment with the ongoingréipy (albeit after a short treatment break
from the multkinase inhibitor to ensure wound hegnd/or recovery from any toxicity).
For patients experiencing generalized treatmehtri&abn one agent, data from the SELECT
study support switching multikinase inhibitor, sngatients experiencing treatment failure
with one prior multikinase inhibitor had a clinidagnefit from subsequent lenvatinib
treatment (187). For generalized failure after g¢ioth agents, patients may be assessed for
suitability for clinical trial recruitment, if angre available (see following section). In the
absence of ongoing and recruiting clinical tri#ii National Comprehensive Cancer
Network guidelines suggest additional kinase irthibalternatives that have been approved
by the Food and Drug Administration for other casgcand for which evidence for treatment
efficacy in thyroid cancer may be derived from ghar phase 2 studies (including axitinib,
cabozantinib, dabrafenib, everolimus, pazopanibitisib, vandetanib, and vemurafenib) (4).
Of note, access to these drugs may not be availallécountries.

Futuretargeted therapies

Other classes of drugs are being studied in papillgyroid cancer patients and hold promise
for treating patients with advanced, radioiodingaetory disease. An exciting area of
research that may lead to new drug treatmentsvegdhe modulation of thyroid cancer
differentiation, aimed at restoring radioiodineal® in cancer cells that are unable or have
lost the ability to take up the radioiodine (soledlredifferentiation). Several unsuccessful
attempts have been made in past years from thépeetive (190). However, recently, two
kinase inhibitors (selumetinib [a selective MEKilntor] and dabrafenib [a selective BRAF
inhibitor]), targeting the mitogen-activated protéinase pathway have been used to re-
induce radioiodine uptake in radioiodine-refracttityroid cancer patients (191-193). Almost
two thirds of patients exhibited new or increasadigiodine uptake, with a partial radiologic
and clinical response being observed in 30 to 608%%eocases. These experiences should be
considered “proof-of-concept” studies, involvingraall proportion of patients. Larger
prospective studies are needed to confirm thesdiseto determine the duration of response,
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the impact on survival, the characteristics ofgras who are most likely to benefit from
therapy.

Other exploratory, promising approaches includeuses of agents targeting “druggable”
mutations, likeBRAFor TRK BRAF inhibitors (i.e., vemurafenib and dabrafgrébhowed
antitumor activity (partial response) in almost ¢imied of the patients with progressive,
radioiodine-refractoryBRAF°®Emutant papillary cancer (194-196). Co-targeting th
downstream MEK protein with a MEK inhibitor (i.¢cametinib) plus BRAF inhibitor (i.e.,
dabrafenib) has been shown to be effective initg@&RAF**°=mutant undifferentiated
thyroid carcinoma (197), which likely arose fronppkry cancer. This has led the Food and
Drug Administration to approve trametinib/dabrafenombination for treating anaplastic
thyroid carcinoma harboring this genotype. In agghlestudy enrolling patients with TRK-
fusion-positive cancers, the novel TRK-directedradarotrectinib was reported to yield a
partial response rate of 87% in the subgroup cé<asth TRK-rearranged papillary thyroid
cancer (n=15) (198). Itis likely that additionatgeted approaches for advanced papillary
thyroid cancers, including targeted immunotherayif,be developed in the future (199).

Although all these approaches hold promise as beffiegtive in treating advanced,
radioiodine-refractory papillary thyroid canceisg indications for each, and their long-term
efficacy and safety profile remain to be clarified.
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Figure 1. Framework for planning extent of thyroidectomy poe-operatively diagnosed
papillary thyroid cancer

Figure 2. Management of patients with serum thyroglobulirels above the disease-free
(excellent response) cut-off value and negative méicasound. Abbreviations: TT, total
thyroidectomy; RAI, radioactive iodine; 18-FDG-PEIRB-fluoro-2-deoxyglucose positron
emission tomography.

Figure 3. Management of patients with advanced papillaryditycancer? Patients with
metastatic disease that does not take up radieaciiine at the time of initial treatment, or
that loses the ability to take up RAI after pred@yidence of*'1 uptake, or with RAI uptake
in some lesions but not in others, or with metastiitease that progress despite substantial
uptake of RAI® Patients who received RAI cumulative activitie®:2GBq (600 mCi) are
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less likely to benefit from furthéfi administrations® Single organ or single/few lesions
should be considered for localized treatmehTe size and location(s) should be considered
in determining if asymptomatic disease at potelgtiaitical sites (cerebral, peritracheal,
perivascular, bony, paraspinal etc.) require eatd@atment?’ Disease progression should be
evaluated through serial imaging at 3-6 month watis:. Significant disease progression
includes an increase in tumor size between two fioiets of at least 20% according the
Response Evaluation Criteria In Solid Tumors (REQIS/stem, and/or a tumor doubling
time (the time after which the diameter/volumehd tesions has doubled) <1 year (179-
181). Abbreviations: RAI, radioactive iodine.

Table 1. Modified Haddon’s matrix for preventing overdiagis harm in papillary thyroid
cancer

Time-point Patient factors Diagnostic technology and Healthcar e providers and

definitions environment

Pre-diagnosis Educate the community on Better define high-risk vs low- | Regular training for healthcare
overdiagnosis concepts (e.g., | risk incidental imaging findings| providers on overdiagnosis
individual patient consultations concepts
media campaigns, education o
journalists on overdiagnosis
concepts)

Understand patients’ Standardize imaging reporting | Reduce ordering of unnecessafy

knowledge, values, and to clearly state incidental ultrasound investigations (e.g.,

decision-making heuristics to | findings vs symptomatic Choosing Wisely program)

better consider trade-offs in disease, features of identified

early diagnosis vs potential lesions that allow improved

over-diagnosis clinical risk stratification (e.g.,
size, location, presence or
absence of invasion into or
through the capsule, or small
lymph node metastases)

Change focus of research efforigsReduce unnecessary diagnostic
from pathologic diagnosis of fine needle aspiration/biopsy
thyroid cancer to biologic (e.g., guidelines)
behavior
Consider reimbursement modds
for investigation of incidentally
found nodules/lesions

Diagnostic events (FNA, Educate patients on possibility| Re-classify variants of disease| Diagnostic procedures by high

surgery) of incidental diagnosis when with lowest risk as non-cancergd volume providers

performing surgery for apparent (e.g., non-invasive follicular

benign disease (e.g., neoplasm with papillary like

compressive nodular goiter or | features)

Graves' disease) Investigate markers to predict | Encourage use of conservative]
outcome (somatic, gene procedures (e.g. lobectomy)
expression, miRNA, etc.)

Post-diagnosis Develop formal decision aids | Refine post-diagnosis risk Monitor and publish outcomes
for patients to consider less stratification for less invasive treatment
invasive treatment options (e.g|, approaches in incidentally or
active surveillance, lobectomy, potentially overdiagnosed
withholding radioiodine), and disease
be aware of success of treatmgnt
options in unlikely event of
recurrence

Table 2. Potential risk factors for papillary thyroid cance

Exposur es studied | Evidence summary
Extrinsic
Radiation The best-defined risk factor for papillryroid cancer, although the increased risk iy established

following exposure in childhood and adolescence.(Badiation exposure has increased in the USAglvew
most of this is due to radiation from computed tgnaphy and nuclear medicine scans (36), whichaee r
before age 20. The prevalence of known radiaticlided genetic signatures is declining in new panyill
cancer cases (37,38). Without new evidence, it seertikely that radiation is the cause of risingrttid
cancer incidence.

Smoking Most evidence suggests a 30-40% redudedfrihiyroid cancer in active smokers (39-41). Ehisra reducing
prevalence of smoking in most countries (42). While plausible that some of the incidence risepfapillary
cancer could be due to declining smoking rates,ithinot directly actionable for thyroid cancenmetion

29

6102 AINr 9z uo Jasn AysiaAlun sundoH suyor Aq 9/G5656/S8000-6102°49/01ZL"0L/I0PAOBISqE-S[0ILE-00UBADE/AIPS/LI0D"dNO"0ILISPEOE//:SARY WO} PAPEOUMOQ



Endocrine Reviews; Copyright 2019

DOI: 10.1210/er.2019-00085

given smoking’s overwhelming harms. The associagphowever, worthy of future research to explore
potential mechanisms of causation.

Alcohol Most studies suggest a 20-30% reducedaiskyroid cancer in those with moderate alcohaistomption
(43). It is unlikely that alcohol consumption hégnificantly dropped in most countries where thgroancer
incidence is increasing, and therefore is unliltelpe a major cause of the rising incidence.

Dietary lodine — iodine deficiency is associatethviigher follicular and anaplastic thyroid cancaes. Transitioning

a population from iodine deficiency to sufficieniogreases the proportion of papillary cancer diags@and
high iodine intake may be associated with papiltagyoid cancer (44). However, the incidence ofilteagy
cancer has also increased in countries where iatates is essentially unchanged.

Nitrates/nitrites — the relationship between expesa nitrates and nitrites in food and water yodid cancer
risk has been examined in several large cohortedty@d5-47) (in addition, other studies have assksgtrate-
containing cruciferous vegetable intake; see bel®epults are inconsistent, and it is unclear wdredhy real
relationship exists.

Vegetable intake — small, mostly retrospective istiduggested associations between intake of erooi
vegetables and thyroid cancer risk, and inversecétions between non-cruciferous vegetable ingaice
thyroid cancer risk (48). These findings have resrbconfirmed by a recent large prospective catiody
(49).

Environmental

Flame retardants — One small study suggests ex@tsspecific retardants increases thyroid cariskr(50).

toxins Two other studies were negative for a flame retatrttayroid cancer relationship, although assessféetrent
flame retardants (51,52). Exposure to flame ret#sdhaas increased over time. Further researclyisresl.

Medications, Women undergoing fertility treatments have beernteg to be at increased risk of thyroid canceguiisis

particularly (53). Interpreting these results is very difficblecause of the heterogeneous causes of infertiigygenerally

hormonal short exposure to hormonal fertility treatmentg, plotential for incidental thyroid cancer diagnpaisd the
lack of supporting evidence from other studies s&isg reproductive factors (see below).

Intrinsic
Body size Body weight and obesity — Many, but rbtstudies suggest that an increase in body nmakxiis associated

with risk of thyroid cancer (e.g., in a pooled asé& of body mass index measured at various tinmgpm 22
prospective studies, for each 5 kgimcrease in body mass index, the risk of thyr@idaer increased by 6-
13% (54)). While there is the potential for obesityoe associated with increased medical presentatid
thus incidental diagnosis, obesity has been linkitlid more aggressive tumor features and incredskaf
thyroid cancer mortality in obese patients (54)e Phevalence of obesity is increasing worldwidegsTh
association is worthy of continued attention.

Height — increasing height is associated with iaseel thyroid cancer risk (similar to many otherceas) (54).
This association is not actionable, although unidadsng the mechanism of the association couldraztva
knowledge for numerous cancer types.

Metabolic factors

There is very little evidence &ltered thyroid cancer risk in patients with digse hyperlipidemia, or
metabolic syndrome, despite numerous studies.

Serum TSH
concentration and
autoimmunity

Cross-sectional studies suggest papillary thyraitter diagnosis associated with higher serum TSH
concentration (55) and Hashimoto’s thyroiditis (SB)ese studies can't rule out the effect of s@act
bias and confounding, and prospective studies calsliibe prone to these biases. Indeed, two prigpe
studies yield contradictory findings for a serunHF®yroid cancer relationship (57,58). Both studied
lower serum TSH to be associated with thyroid cad@gnosis, yet only one finds higher TSH alsbe&o
associated with risk (58). Lower serum TSH coneiun is plausibly related to thyroid cancer ris& v
thyroid autonomy with greater TSH pathway signalingwever could also be due to incidental diagno
in patients treated surgically for thyrotoxicodtsirther research is needed. Future studies asgessin
Hashimoto’s thyroiditis as a risk factor for thydlatancer should demonstrate prospective ascertatnm
of thyroid autoimmunity and employ methods of assegfor potential ascertainment.

(2]

T

b

Estrogen and
reproductive factors

The female preponderance for thyroid cancer remaiegplained. Reproductive and hormonal factors
have been extensively investigated with mostly tiegaesults (or very weak and inconsistent
associations if positive) (48). Autoimmunity is re@rommon in women, although autoimmunity has n

-

been proven to cause thyroid cancer (as above).

Abbreviations: TSH, thyrotropin
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Overarching goals:
Prevent disease-specific death, prevent disease-specific morbidity, prevent treatment-related morbidi* -
(via the least invasive and frequent treatments/investigations necessary to achieve these goals)

Surgical treatment deemed necessary for pre-operatively diagnosed papillary thyroid car
Patient fit for surgery

\

[

Key disease-related pre-operative questions to answer
Is a total thyroidectomy optimal for definitive treatment of primary thyroid cancer?

Clinically significant bilateral thyroid cancers
Is a total thyroidectomy optimal because radioiodine ablation/therapy will be given?
Preoperative identification of involved lymph nodes
Gross extra-thyroidal extension
Suspicion of poorly differentiated/high risk tumor

Possibly somatic genetic/molecular profile (if available, and clearly higher risk)

Is a total thyroidectomy optimal because it significantly improves sensitivity and
specificity for identifying persistent or recurrent disease?

|

Patient and health system considerations

Patient preference for treatment

Importance of avoiding thyroid hormone treatment

Potential risks if future operations are required (e.g., with advancing age)
Likely success of rescue therapies if recurrent/persistent disease occurs
Available surgical expertise

Available expertise in following patients with less aggressive therapy
Likelihood of patients adhering to follow-up

\

Y

Post total thyroidM

Is another operation required for residual macroscopic disease?

Posttobectomy
Is another operation optimal for residual macroscopic disease?

Is completion thyroidectomy optimal because radioiodine ablation/therapy will be
given?

eg.:

» Macroscopically unresectable disease amenable to radioiodine
Microscopically residual disease

Primary disease more extensive than appeared pre-operatively

High-risk tumor subtype

Vascular invasion

Possibly somatic genetic/molecular profile (if available, and clearly higher risk)
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Basal thyroglobulin 20.2 ng/mL,

negative neck ultrasound
after TT +/- RAI

0.2-5 ng/mL, 0.2-5 nglmL,

doubling time 21 yr doubling time <1 yr >5 ng/mL

Periodic (6-12 months) basal Cross-sectional (computed tomography or magnetic resonance
imaging) and/or functional (diagnostic whole-body radioiodine

scanning and 18F-FDG-PET scanning) studies

thyroglobulin and neck
ultrasound assessment

Positive|findings Negative findings

Active surveillance OR Active surveillance OR

treatment empiric RAI treatment
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RAI avid lesions

RAI therapy

as long as benefit is observed »

Advanced

papillary thyroid cancer

RAI refractory lesions

v

Symptomatic
|

Asymptomatic

Localized OR

systemic treatment
according to site and number ¢

I

\

Critical site disease: life-
threatening if any progression ¢

Significant
disease prrgression e

Stable OR
slowly progressive disease

Localized OR

systemic treatment
according to site and number ¢

)

Localized OR
systemic treatment

according to site and number ¢

Active surveillance
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