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Prognosis frem-differentiated thyroid cancer is worse when the disease becomes refractory to
radioioding. Until recently, treatment options have been limited to local therapies such as
surgery and radiotherapy, but the recent availability of systemic therapies amadegrsome
potential for disease control. Multi-targeted kinase inhibitors (TKIs) including lenvatinib

and sorafenib have been shown to improve progression free survival in Phase Il clinical
trials, but are also associated with a spectrum of adverse eff@ther TKIs have been

utilised as/"rediffeentiation” agents, increasing sodium iodide symporter expression in
metastases and thus restoring radioiodine avi@tyne patients whose disease progresses on
initial TKI therapy will still respond to a different TKI and clinical trials currently ingress

will clarify the best options for such patients. As these drugs are not inexpensive, care needs
to be taken.to minimize not only biological but also financial toxicity. In thiserewe

examine the basic biology of radioiodine refractory diseaskdecuss optimal treatment
approaches, with specific focus on choice and timing of TKI treatment. Thisatfiieicl

remains fluid, and directions for future research include exploring biomarkers and

considering adjuvant TKI use in certain patient groups.

Background

Differentiated_thyroid cance(DTC) is derived from aberrant follicular cells within the
thyroid gland. It encompasses both papill@y C) and follicular(FTC) subtypeghat make

up the bulk 6.the prevalencgFigure 1). These epitheliatlerived cancers are grouped
together as'they behave similarly despi@ogic differences. Follicular cells are stimulated

by thyroid=stimulating hormone (TSH) to produce and secrete the thyroid hormones
thyroxine (¥4) and triiodothyronine 8). The follicular cells have a uniguaachineryto

take up iodinesfrom blood and ‘organify’ it to generate these hormonésthls mechanism

that is exploitedvith radioactive iodingéreatment.

The incidence of thyroid cancer has increaisethe past few dexes.In Australiaand the

United Kingdom there has beea surge in new diagnoses tie@mostly- but notcompletely
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- explained by overdiagnosi€. Cancer projection rates by tAestralian Institute of Health
and Welfarepredict in 2020, 335 new casesf thyrad cancemwill be diagnosed every year
3. In the UK, incidence rates fahyroid canceiare projected to rise by 74% between 2014

and 2035". Irrespective of whether overdiagnosis plays a role in incidence, there are now
mor e patients'who need nuanced risk stratification of their disease. Most cases are associated
with excellént prognosis: overall, the 5 year survival rate is 95.8%ore reassuringly, the

year conditional survivafor those who have already survived 1 year after diagnes#8%

>, However,in aggressive DTC, 25 of cases will develop locally recurrent disease requiring
additional treatment$ Distant metastases are rare on presentatioareubundn 6-20% of

patientsin follow up and thisnarkedly increasgthe risk of cancespecific mortality’.

Paramounto thyroid cancemanagemenis determining theappropriatescale of thernay.
Treatment carrange from none at allactive surveillance)through to combinations of
surgery, radioactive iodinfRAI), external beamadiotherapyand systemigherapies.The
most ecentAmerican Thyroid Association (ATAguideline now includefur classifications
of DTC risk«(verylow, low, intermediate, high) and reflect changing attitudemsitimise
treatment ‘“'recommended for very lovand low-risk diseas® Moreover, even for
intermediate and highrisk disease there has been increasisgof so-called dynamic risk
stratification_that takes into account response to first theragych better correlates with
longterm OUtcomes These categories are excellent resppi@chemically incomplete

responsestructurally incomplete responsand indeterminate resporfse

Scott et alrecently reviewed a tailored approach to thyroid cancer risk from an Australian
perspective’’._Our purposehere is to extend this by providing specific guidance on
management of radioiodirrefractory disease: i.e. a small subfract{e®%) but with the
poorest .ptognosig10% 10year survival) of all thyroid cancer case§Figure 1) ™.
Therapeutic=options have improved since The British Thyroid Association guidelines
published in2044 which promotediargely supportive care and clinical trial enrolméntOf

note, thePhase Il clical trials discussed below were not in pregsthe time those

guidelines were published.

Patientsidentified with RAl-refractory disease (RAIRDYill have alreagt undergone total
thyroidectomy RAI ablation and suppressive dose thyroxaeetheir first line treatment, and

many will have had repeated doses of RAI. Some will have had external beam radiotherapy
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to prevent local recurrencdarly recognition of RAIRD is important to avoid further
unnecessary RAI treatment, and goiompt congleration if or when systemitherapyis
appropriate. RAIRD can present with an indolent courke which active surveillances
reasonableé”®. Optimising the balance betweemaljity and quantityof life is prudentin
treatment-decisionsin patients withstableor slowly progressiveiseasesystemic therapies
should bedeferred However, for patients witlrapidly progressive and/or symptomatic
RAIRD, the recent availability of effective systemic therapies offers potential for disease

control*®,

Biological mechanismsfor radioiodine-refractory disease

Genetic mutations and distortions of signalling pathwayslerpin the initiation and
propagation ofhyroid cancef. The Mitogen Activated Protein Kinase (MAPK) pathway is
overexpressed in thyroid cancer and upstream mutations are pivotamarigenesis.
Constitutive_activation of the MAPK pathway leads to dedifferentiation of PTC cells-n pre
clinical models*®> Subsequent stimulation of downstream targets lead to transcription of

genes invalved.in cell proliferation.

Tumourstromalinteractions are also important for thyra@ancer progression, and in
particular tumour expression &fascular lBdothelial Growth Factor YEGF) and Platelet
Derived Growth Bctor PDGH and their interactionwith cognate receptseron stromal
fibroblasts” appearlso to be key process mediating local progression (ke 2 *°
Angiogenésis is/a hallmark afany cancersncludingDTC *". VEGF is upregulated iDTC

and one of its coeceptors, NRR2, hasbeen implicated in metastases through enhancement
of invasion.and motility in thyroid cancer celfs®. Several studies have shoarcorrelation
between VEGF .feceptexpressiorand metastasis in PT€ Anti-angiogenidherapieshave
become established as treatments for advanced BTQThe fibroblast growth factor
signalling spathway also drivetumourogenesisand has been successfully targeted by

inhibitors (reViewed irf%).

Mutation profiles of advanced metastatic and Re&lfractory differentiated thyroid cancers
show pathogenic roles for established oncogenic mutaiionrBRAF, RAS, PTEN and
RET/PTC rearrangementd BRAF°%°F mutationhas been associated witfore aggressive

disease, and is clearly assaded with locoregional recurrendmit not with distant metastases
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or deathindependently from other clinicopathological risk factor€. There is significant

gene expression variation between tumowih BRAF'®%%%

that may explain the
inconsistency of utilising it as a prognostic markér Conversely Telomerase Revse
Transcriptase (TERT) promoter mutations specifically identifypse thyroid cancers
associated witldiseasespecific mortalityand are associated with less differentiated $TC

1423 Thefsimultaneus presence of TERT and BRAR® mutations confer the highest

diseasespécific mortalityin DTC 242°.

There is a_signi€antly higrer prevalence of BRAFFin DTCsthathave lost RAI avidity
% BRAFRYE /causs constitutive activation of the MAPK pathway (Figure)3and
preclinicalimodels and a phase Il trigiggestthat inhibition of MEK (downstream from

BRAF) may restore RAI uptakéso called redifferentiation)in certain cases with RAIRD
27,28

Defining radioiodine-refractory disease

RAI (I-131).emis short path length (2 mm) beta rays$atal to thyroid tissueFollowingtotal

thyroidectomy, RAI is useds an adjuvant treatmeint seleced patientsto ablate residual
disease RALsis not used for thyroid cancer patients following heror subtotal
thyroidectomy, since residual thyroid tissue preferentially accumulates iadéhdiminishes

any utility for RAl intreating loceregional disease

In the last few decadeRAl therapy was delivered almost routinely post thyroidectomy to
patients with DTC to ablate residual micrometastas&éhe most recent ATA guideline
recommend limiting (or avoiding completelyadministrationof RAI to those with low risk
diseasetollavoid norstochastic side effects such a#oadeniti. These guidelines
acknowledgethat even in those with intermediate riskere is limited eviderec of benefit

from RAI, although it does facilitate the use of serum Tg as an accurate and sensitive tumour
maker (in.th€ absence of thyroglobulin antibodf@s}. In highrisk patients posbperative

RAI administration is sed as adjuvant thergpwith observational dataonfirming an
improvement in disease free survivalOf note, there are no randomised controllédicl

trials demonstratinthatRAI reduces the risk of mortality or recurrenihese cohds®.
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On diagnosis oflistant metastaseRAl is usualfirst line therapyfollowed by longtermTSH
suppressionOne sibgroup that des particularly well withrepeatedRAIl therapyis those
patients with pulmonay micrometastase. When the thyroid tumour becomes or is
intrinsically refractory toRAI, the prognosis is poor. Patients with metastBXicC that
retains RAl=avidity have a 1fear survival of 60%whereassurvival falls to 10% when
either RAIfavidity andbr responsivenesare lost®. Hence restoring iodine avidity is a

priority in futureDTC treatments.

RAl-refractory  disease occurs in less than 5% of patients with DP@ogressive de
differentiation of DTC is accompanied by loss of the sodium iodide symporter (NIS} that
required for jodine uptakePooty differentiaked foci with loss of iodine avidity exhibit
parallel deVeldment of **F-Fludeoxyglucose RDG)-PET positiity so that FDG-PET
positive diseaselis more likely to be refractdty Radioiodine refractory disease is far more
common in_older patients; those with large tumour burden and those with poorly

differentiated subtypes such as tumouith Hurthle cell histology”.

RAIl-refractery.disease is established when, in patients with appropriate TSH stimulation: (1)
the iodine has never concentrated in the metastatic tissue so tinereipsake outside the
thyroid bed; . (2) the tumour tissue has lost the ability to take up iodine despite being
previously RAl'avid; (3) iodine can be concentrated in soratastases buiot otherspr (4)
metastatic_disease progresses despite significant uptake of RAI. Theralésnoastrated

role for further RAI therapy in these patients unléssir iodine refractory status can be

reversed.

At times, the definition of refractory disease is ambiguous. In patient cohortkavbdq1)

hada total' of 600mCi cumulativeRAI dose; (2) highFDG uptakeon FDG-PET scan (3)
aggressive"DTC histologginsular or Hurhle Cell), the presence of refractory disease is
suggestive=rather than definitive. Some consensus statements have suggested that those
patients_who have an unresectable primary DTC tumour should also be included in this
classification®®,. In these cases, when the definition is unclear, features including Tg
doubling time*” and radiological progression can be indicators of whether pasieatsd be

considered fodiseasenodulating therapy.

L ocal treatment tar geting radioiodine-refractory disease
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Local therapies are employed when the disease recurrence is localised, causing symptoms
and/or posing risk to critical structures, and include surgery, external bekmtheaapy
(EBRT), radiofrequency ablation, cryoablatiand chemembolisation.The chief concerns

in DTC areairway obstruction and spinal cord compression. Targeted local therapy to organs
affected "by"metastatic disease canrowp patient prognosis and quality of life. Lymph
node metastases should, where possible be treated primarily with surgery. However, recent
data has shown that recurrence may be indolent in some patients. In this cohiads caut
monitorings and a conseative approach is safe and recommend&d Criteria for
identification of appropriate patients to be obsena@ not clear, butusually nodal
metastases, greater than 8mm in the central compartment or 10mm in the laterateneck
surgically removed. Percutaneous radiofrequency ablation and ultrasound guided ethanol
injection offocal metastases are also safe and effective altern&tivEespite no survival
benefit, the precarious complication of local invasion into the aerodigesgwen has led to

the use of these palliative therapies to reduce morbidity. The American Head and Neck
Society have provided an expert opinion statement specifying that older patients (Fs}5 yea
with unresectable locoregional disease would likely benefit E#EBRT and thatpatients less

than 45 years, atheir disease is likely to be RAI avidhouldtherefore should be treated

with radigiedine first line“®. EBRT should also be caidered for bone metastasis
particularly _in="the context of pain, increased fracture risk and potential spordl
compression*®. “Periodic bisphosphonate therapy, usually intravenous zoledronic acid

infusion, may reduce pathological fractuigk %, although high quality evidence is lacking.

Systemic therapiesfor radioiodine-refractory disease

Traditional.ystemic chemotherags havepoor response rates in DTC. The ratio of toxicity
to benefitis low'in these patients. Doxorubicin is the only systemic chemotherapyegppr
by the US*Food and Drug Administration (FDA) for metastatic DTC and geevittle, if

any benefit*?

=More encouragingly howeveseveral orally available multyrosine kinase
inhibitors (FKI) have been studied in phase | and Il trials (Tdpleand two(lenvatinib and
sorafenib)have,now been studied completedandomisedPhase lll trialsLenvatinibwhich
inhibits VEGFRZL3, fibroblast growth factor receptors4, RET, eKIT, and PDGFRp
(Figure 3 ** and sorafenib whichinhibits RAF, VEGF receptors (VEGFR)3, PDGF
receptor (PDGFR), and RET has been registeredvith the Therapeutic Goods

Administration (TGA)butis not PBSsubsidsed for treatment of RAIRDNotably, neither of
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these studies hast conclusivelydemonstrated a significant overall surviy@sS) benefit of

TKI treatment, likely due to a large proportion of the patients in the placebo arm who crossed
over to receive active treatment after disease progresSiatistical adjustment of OS
KaplanMeier curves byrank preserving structural failure time analysis suggests some

improvementin‘OS withothsorafenib® and lenvatinib therapy/.

Lenvatinib

A major phasdll study compared lenvatinibinitiated at24 mg daily) with placeban
patients withRAI- refractory thyroid cancefthe SELECT study) This study included
patients with and without prior TKI exposure, and patients in the placebo group weredall

to receive opétabel lenvatinibafter protocoldefined progressiorProgressiorfree survival
(PFS)was 18.3 ' months irhe treatment groupompared witl3.6 months in those receiving
placebo®™. In this study of 392 patientsin unprecedented response rate of 64.8% was
observed with lenvatinib compared to only 1.5% in the placebo group (odds ratio, 28.87; 95%
Cl, 12.46 to 66.86). The median time to response in patients treatelémigtinibwastwo
months, correlating with the first restaging imagingme point, suggesting that most
response®eccurred early during treatment\ separate analysis demonstrathdt dter an
initial rapiddecline in growth velocity(and serum thyroglobulin levelshduced by
lenvatirib, tumour shrinkage continues a reduced pacl.  Tumour size reduction was
correlated with aa under the curvi®r lenvatinibexposure and treatment duration. Those
who had a greater initial reduction in size reabetterPFS The speedof the decline in
tumour bulkcould potentially makesurgical interventiorfor compression or distortion of
neck structures lesggent. This alternative could be consideredpirecarious aerodigestive
infiltration wheresurgical resectionvould be high riskThe median PFS and response rate
for patients who entered the oplabel phase of the study, i.e. those who received delayed
lenvatinibtreatment, was 10.1 months and 52.3%, suggesting that patidin&ill derive
benefit from delayed treatment with shagent albeit to a smaller extent compared to those
who startedstreatment earliehe antitumour effect of lenvatinib is due to predominantly
anti-angiogenic effects but secondary effects of inhibiting kinases including RET &R FG
may have added befits “°.

Sordenib
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The DECISION trial was a phase lll trial that used sorafenib in 417 patients with radioiodine
refractory disease. Results showed a 41% improvement in progression free $LOV8/as
5.8 months§°.

Selumetinib

A novel approach to treat RAIRD disease igaalitate F131 therapy by increasirgpdium-
iodide symporter expression on thyroid cancer ceéllse MEK inhibitor, selumetanib
showed clinically meaningful increases in radioiodine uptake in patients witlctogfra
thyroid cancerin a small pilot study?®. This interestingapproachmay become a novel
mechanism.to enhand£EK inhibitor usage.

Dabrafenib

A phase Il study of 14 patients with BRAR® mutant thyroid carcinoma treated with the
BRAF inhibitor dabrafenib showed a durable response with median progression freslsurv
of 11.3 months®. Dabrafenib has also shown an increase in RAI uptake following
administration.to DTC patienisa a similar mechanism to selumah. 60% of patients with
BRAF®%% mutant radioiodine refractory DTGhowed increasedadioiodine uptake
following @42 days course dfbrafenib’>. This study shows that a short treatment course
may be effective. There atgoweverimits on the amount of radioiodine patients can receive,

evenif avidity can be restored. Haematological cell line toxicities are dftse limiting.

Other systemic therapies

Lenvatinib and sorafenipfollowing their pivotal phase Il trialsare the only two TKIs
approvedor the treatment of radioiodine refractory thyroid carmethe FDA, EMA and the
TGA. Several other kinases have been tested in clinical tfiala.phase 1l trial, 145 patients
with DTC lunresposive to RAI were treated withandetanib or placebo. After 19 months
follow up theremwas less disease progression itrda&mentgroup with an improvement on
median progression free survival Pazopanib was studied in a phase Il trialRAI
refractory.DTC andshowed a response rate of 49% Sunitinib shares a similafKI
inhibitory profile tolenvatiniband has also shown promise in improving the median time to
progression in these cohorts Other trials and results are summarised in Table 1 below

Adver se effects of kinase ther apies
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The therapeutic ceiling fofKI therapies igeached quickly due to toxicitieBrug-related
toxicities and dose adjustments (dose interruption or reductierg frequentin both the
DECISION and SELECT trialsMost of the side effects are common to other TKIs, such as
diarrhoea fatigue, anorexia, harfdot skin reaction and hypertension. The majority of the
adverserevents‘are mild to moderate, with severe ethligatening toxicities occurring in
<10% of (caseS, except for severe héoamt skin reaction (20.3% of soraferiteated
patients) and severe hypertension (41.8%epf¥atnib-treated patients). These symptoms
oftenimpraeve with a brietreatment break and dose reductioklowever, discontinuation of
treatment occurred in 14.2% of lenvatinib treated patied®aths resulting from drug
related toxicities were rare (0.5% for sorafenib and 2.3%ldawatini). Nonetheless,
approximately 65% of patients required at least one dose reduction in botthighlghting

the poor tolerability of these TKIs at the approved starting dose. In light of this,-a post
approval FDA-mandated opelabel, randomize trial with lenvatinib at starting doses of
24mg or 18mg is currently underway to evaluate the tolerability and efficacy of lones dos
of drug (NCT02702388

The optimal management of side effects arising from TKI treatment is essential to prevent
premature or avoidable dose reduction or drug cessation. Critical to this are phtetion

and frequentsclinical reviews, especially during the first 2 monthsrezitmentwhen
fortnightly clinical reviews should be considered to detect and manage early side. effects
Patients should be encouraged to report any side effects as early as possible so that
appropriate supportive care management can be instituted.ewérepossible, side effects
should be managed with supportive management or dose interruption, before consideration is

given to dose reduction.

On-target adverse effects of TKIs have alserbesed as surrogates to predict efficacy of
treatment sin=othe cancers. Oitreatment neutropenia and hypertension are independent
biomarkerswofs=sunitinib efficacy in renal cell carcinoffa It is unknown if this same
characteristic is seen witthenvatinib and whether adverse events could assist with

prognostication.

Financial toxicity is a nomegligible consideration in particular for the wgeon Australian
PBS subsidised therapies such as sorafenib for DTCandetanib for medullary thyroid

cancer.
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Can TKIsbeused serially?

In the SELECT studyall prespecified sulgroups (defined according to age, sex, race or
ethnic groupy=prior treatment or no prior treatment with a tyrosine kinase inhibitor,
geographi¢ region, histologic subtypes, BRAF or RAS mutation status, and baseline
thyrotropin-levels)erived benefit fromenvatinibtreatment. Therefore prior use of TKis

not a contraindicatioto commencaent of lenvatinib.
To watch or.to treat?

Inclusion In"the major TKI clinical trials required patients to have RECIST (Response
Evaluation Criteria in Solid Tumours) radiologically measurable RAIR disease progression
within the last 12 to 14 months. Although these criteria are helpful to guide patesticsel

for systemic TKI treatment in routine practice, theyléely not sufficient to determine if an
individual patient is a good candidate for treatmdimie biggest clinicalchallenge in these
patients isrisk stratification Evidence in derminingwho should receive systematic TKI
therapy, who should be referred for local excidtBRT and who should be closely
monitored with*watchful waitings still evolving (see Table 2) In Australig lenvatinibis

now available on thd’BS for treatment of radioiodine refractonjisease In the UK,
lenvatinib is not yet available commercially but access is through a compassionate program
on a case by case basifargeted therapies for RAIRBuch as arafenibis available from

the Cancer Drug Fund.

No biomarkers have been validatea successfully determéwho will respond best to
lenvatinib.or.sorafenib. There was no predictive outcome when stratifgln8RAF or RAS
mutation statusiin the phase Il trials®. Therearesome data looking at predictive response
to TKIs based<on changes in levels of soluble VE@F& angiopoietin-2"®  Lower
baseline levels of VEGF have been associated with |dAg&but this is yet to be shown

with the currently availabléKls.

When to stop?
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Oncology doctrine is that therapy should cease when progression has occurred whilst on
active treatment. However, a surge in tumour growth a@our once inhibitors of tise
proliferating pathways are ceaséd Best practice is not clear and we recommend an
individualised approachyith warinessof abrupt cessation if there is radiological disease

progression;especially in the setting of minimal toxicity.

The Australian PBS approval for continuationi®@fantinib is contingent on ngerogression
on the drug. Patients must have stable or responding diseaserding to the RECIST

criteria We.recommend rgcanning at 3-monh intervals.

Futuredirections

Other opportunities for rdifferentiation of follicular cells and fenduction ofRAI are being
explored on a molecular leveVitamin A, thiazolidinediones, lithium and phosphorylation
of pituitary.tumoustransforming gendinding facto?® have been trialled with mixed results
(reviewed .in-8Y» Other approaches might include histone deacetylase inhfbitors

modulation.of nicroRNAL?,

There are nosstudies with adjuvant TKI use in DTC, and very few with neoadjuvant
chemotherapy®" As we begin taunderstand more abotepid tumour inhibition this may

become an option in selected populations when emerging data become available.

Conclusions

MetastaticDTC should be carefully assessed for tumour buedeirate of progressiorRAl

will usually*bethe firstline therapy for these patients, and/or targeted local ther&pnee

DTC becomes<refractory to RAI, options are limitédulti-targeted TKIs are systemic
therapies.thashow anincrease in progression free survival in patients with RAIRKI
therapy should, thus be integrated into multimodal individualised patient care. The
classification of refractory disease is nuanced and will often require input from a tertiary
referral centre for marginal cases. Multidisciplinary management for these complex cases

should be standard practice for eadologists and oncologiste ensure favourable patient
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outcomesPromising early phase studies suggest a future role for agents targeting the MAPK
pathway to re-differentate thyroid cancers bestablishng RAI avidity.
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Table 1. Examples of RAI-refractory TKI trials

Drug Phase Number PFS Response Evidence of RAI
patients  (months) Rate* reinduction

Lenvatinit?“_ 1T 392 18 64.8%

Sor afenib.> 11 417 11 12% NO

Vandetanip®desd | 145 11 <5%

Sunitinib *® 1l 28 13 31%

Axitinib Sm= 45 18 30%

Carbozantinib I 15 - 53%

Pazopanib ** I 37 12 49%

M otesanib ©’ 1l 93 9 14%

Dabrafenib > I 14 11 29% YES®?

Selumetinib | 32 - 60% YES
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Vemurafenib %® [ 3 - 33%

*Response rate is overall response rate (ORR) if published or if not, then partial response rate

Table 2: Guidelineson referral

Refer for TKi Active Surveillance Relative

Contraindication

Patients withrapidly Patients with minimally Large volume,
progressive,disease show progressive disease and ¢ uncontrollable brain
by radiological*and asymptomatic metastasis or
biochemicalmarkers: organs/locations where
(1) 10 -20mm increase in  Patients with locoregional risk of haemorrhage would
metastasis sizesin 3 montt disease that could be be unacceptable or life
and/or satisfactorily controlled threatening, such as carotid
(2) High doubling time of  with evidence-based local artery extension
thyroglobulin therapies without the side

effects of systemic
Presence of large tumour therapies
bulk, metastases that are
symptomatic.or
obstructive;.eg, causing
vertebral pain,
haemoptysis, recurrent
pleural effusions
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Patients who are not
candidates for palliation
with surgery or
locoregional therapies

Figure 1 Differentiated hyroid cancer subtypes and progn83is

Figure 2 Protumourogenic actions of VEGF. VEGF mediates actions between the tumour
cell and host'endothelial cell promoting angiogenesis and facilitating tumouegatdn.

Figure 3 Signalling pathwaylemonstrating inhibition of RET, VEGF and FGFR by the TKI
lenvatinib (adapted frorff)
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