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Background

Metastaticthyroidcancersthatarerefractorytoradioiodine(iodine-131)areassoci-
atedwithapoorprognosis.Inmousemodelsofthyroidcancer,selectivemitogen-
activatedproteinkinase(MAPK)pathwayantagonistsincreasetheexpressionofthe
sodium–iodidesymporteranduptakeofiodine.Theireffectsinhumansarenot
known.

Methods

WeconductedastudytodeterminewhethertheMAPKkinase(MEK)1andMEK2
inhibitorselumetinib(AZD6244,ARRY-142886)couldreverserefractorinesstoradio-
iodineinpatientswithmetastaticthyroidcancer.Afterstimulationwiththyrotropin
alfa, dosimetry with iodine-124 positron-emission tomography (PET) was per-
formedbeforeand4weeksaftertreatmentwithselumetinib(75mgtwicedaily).If
thesecondiodine-124PETstudyindicatedthatadoseofiodine-131of2000cGyor
morecouldbedeliveredtothemetastaticlesionorlesions,therapeuticradioiodine
wasadministeredwhilethepatientwasreceivingselumetinib.

Results

Of24patientsscreenedforthestudy,20couldbeevaluated.Themedianagewas
61years(range,44to77),and11patientsweremen.Ninepatientshadtumorswith
BRAFmutations,and5patientshadtumorswithmutationsofNRAS.Selumetinib
increasedtheuptakeofiodine-124in12ofthe20patients(4of9patientswithBRAF
mutationsand5of5patientswithNRASmutations).Eightof these12patients
reachedthedosimetrythresholdforradioiodinetherapy,includingall5patients
withNRASmutations.Ofthe8patientstreatedwithradioiodine,5hadconfirmed
partialresponsesand3hadstabledisease;allpatientshaddecreasesinserumthy-
roglobulinlevels(meanreduction,89%).Notoxiceffectsofgrade3orhigherat-
tributablebytheinvestigatorstoselumetinibwereobserved.Onepatientreceiveda
diagnosisofmyelodysplasticsyndromemorethan51weeksafterradioiodinetreat-
ment,withprogressiontoacuteleukemia.

Conclusions

Selumetinibproducesclinicallymeaningfulincreasesiniodineuptakeandretention
inasubgroupofpatientswiththyroidcancerthatisrefractorytoradioiodine;theef-
fectivenessmaybegreaterinpatientswithRAS-mutantdisease.(FundedbytheAmer-
icanThyroidAssociationandothers;ClinicalTrials.govnumber,NCT00970359.)
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Metastatic disease is the most fre-
quentcauseofdeathrelatedtothyroid
cancer.1 Radioiodine (iodine-131) re-

mains amainstay of therapy for patientswith
metastaticthyroidcanceroffollicularorigin(i.e.,
papillarythyroidcancerorfollicularthyroidcan-
cer).Unfortunately,manypatientshave tumors
thatdonotconcentrate iodine,resulting inra-
dioiodine resistanceandapoorprognosis (the
10-yearsurvivalrateamongpatientswithmeta-
static thyroid cancer that retains radioiodine
avidityisapproximately60%,whereasitisonly
10%ifthemetastasesarerefractorytoradioio-
dinetherapy).2Severaltrialshaveevaluatedstrat-
egiesto“redifferentiate”metastaticthyroidcan-
cersandrenderthemresponsivetoradioiodine,
includingtrialsevaluatingretinoids3-5andlithi-
um,6whichonlyyieldedamodestclinicalbenefit.
Thesestudieswerealsolimitedbymethodologic
issuessuchastheinabilitytoquantifyradioio-
dineuptakeandretentionintumors,sotheef-
fectoftheinterventionswasdifficulttoassess.

Approximately70%ofpapillarythyroidcan-
cershavemutuallyexclusivegenemutationsen-
codingthegrowthfactorreceptorsRETorNTRK1,
thethreeisoformsofRAS(N,H,K),andBRAF.7-10
Constitutiveactivationoftheseproteinsstimulates
mitogen-activatedproteinkinase(MAPK)signal-
ing,whichinhibitstheexpressionofthyroidhor-
monebiosynthesisgenes,includingthesodium–
iodidesymporterandthyroidperoxidase,which
facilitate iodine uptake and organification, re-
spectively.11-15 Cancers that do not concentrate
radioiodinedevelopintransgenicmiceinwhich
mutantBRAFisexpressedinthyroidcells.16When
BRAFactivationisswitchedoffgeneticallyorits
downstreamsignaling is inhibitedwithkinase
inhibitorstargetingeitherMAPKkinase(MEK)
orBRAF, the tumors regain theability to trap
radioiodine.

These preclinical observations provided the
rationale for our pilot clinical study, in which
patientswhowerefoundtohavemetastasesthat
wererefractorytoradioiodineweretreatedwith
the selective, allostericMEK 1 andMEK 2 in-
hibitor selumetinib (AZD6244,ARRY-142886),17
andchangesiniodineuptakewereassessedby
means of serial iodine-124 positron-emission
tomography(PET)–computedtomography(CT).
Theuseofiodine-124PET-CTratherthantradi-
tional whole-body iodine-131 scintigraphy al-

lowedforprecisequantificationofiodineuptake
beforeandafterselumetinibtreatment inindi-
vidualmetastatic lesions (“lesional dosimetry”)
and prediction of the dose of radiation that
couldbedeliveredwithiodine-131.18,19

Me thods

Study Conduct

Thetrialwasconductedinaccordancewiththe
studyprotocol,availablewiththefulltextofthis
articleatNEJM.org.Allpatientsprovidedwritten
informedconsent.Thestudywasapprovedbythe
researchcommitteesoftheDepartmentsofMed-
icine,Radiology,andMedicalPhysicsatMemo-
rialSloan-KetteringCancerCenter(MSKCC)and
bythecenter’sinstitutionalreviewboard.Allau-
thorsvouchforthedata,thefidelityofthestudy
totheprotocol,andtheanalysis.Noonewhois
notlistedasanauthorcontributedtothemanu-
script.

Patients

Patientswererequiredtohavedifferentiatedthy-
roidcarcinomaoffollicular-cellorigin,oritsre-
spectivevariants,histopathologicallyconfirmed
attheMSKCC.Patientsalsohadtomeetatleast
one of the following criteria for radioiodine-
refractorydisease:anindexmetastaticlesionthat
wasnotradioiodine-avidondiagnosticradioio-
dine scanningperformedup to 2 years before
enrollment;aradioiodine-avidmetastaticlesion
that remained stable in size orprogressedde-
spite radioiodine treatment 6 months or more
beforeentryintothestudy;and18F-fluorodeoxy-
glucose (FDG)–avid lesions on PET scanning
(FDGavidity is indicativeof lessdifferentiated
thyroid tumors with impaired iodine uptake20
andresistancetoradioiodine,21whichareassoci-
ated with a poor prognosis22). (For additional
inclusionandexclusioncriteria,seetheSupple-
mentaryMethodssectionintheSupplementary
Appendix, available at NEJM.org.) Thyrotropin
alfa(Thyrogen)wasprovidedbyGenzyme,and
selumetinib was provided by AstraZeneca. IBA
Molecularprovidedtheiodine-124forthestudy.
Thesecompaniesdidnotparticipateinanyas-
pectofthestudydesign,dataaccrual,dataanal-
ysis, ormanuscript preparation. The investiga-
tionalnewdrugapplicationforselumetinibwas
heldbyMSKCC.
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Study Design

After adhering toa low-iodinediet for5days,
patientsunderwentathyrotropinalfa–stimulated
iodine-124PET-CTstudy,followedbytreatment
withselumetinibatadoseof75mggivenorally
twicedailyfor4weeks.Inthefourthweekofsel-
umetinibtreatment,patientsunderwentasecond
iodine-124PET-CTstudy.Spoturinaryiodinemea-
surementswereperformedbeforeeachiodine-124
PETevaluation(medianurinaryiodinevaluedur-
ingthestudy,99μgperliter;range,0to374)to
ruleoutclinicallysignificantiodinecontamina-
tionbeforeeachscan.Patientsdiscontinuedthe
studyifthesecondiodine-124PETevaluationdid
notshowanincreaseiniodineuptaketoapre-
specifieddosimetrythreshold.Ifthisdosimetry
thresholdwasmet,thenpatientscontinuedtore-
ceiveselumetinib(andalow-iodinediet)asthyro-
tropin alfa–stimulated whole-body and blood
dosimetrystudieswereperformedtodetermine
themaximumtolerableactivitypursuanttothe
standardofcareatMSKCC.23Afterdetermina-
tionofthemaximumtolerableactivity,athera-
peuticdoseofiodine-131wasadministeredafter
stimulationwiththyrotropinalfa.24Selumetinib
was continued until 2 days after ingestion of
therapeuticiodine-131.Toxiceffectsweremoni-
toredfor30daysafterthelastdoseofselumeti-
nib. Patients continued to receive suppressive
thyroidhormonetreatmentthroughoutthepro-
tocol.Thesecondiodine-124PET-CTstudyinone
patientwasdelayedbyaweekbecauseofatem-
poraryshortageof the iodine-124radionuclide;
thisstudyshowednoappreciablechangeinio-
dineuptake.

Inpatientswhoreceived iodine-131,CT im-
aging,magneticresonanceimaging,orbothwas
performed 2 and 6 months after radioiodine
therapy.Oneradiologistassessedtheradiologic
responseinallpatients,ascomparedwithprestudy
scans, according to the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1.
Levelsofserumthyrotropin,freethyroxine,thy-
roglobulin, and thyroglobulin antibodies were
measured1,2,and6monthsafteradministra-
tionofradioiodine.

Iodine-124 PET-CT Studies

Patientsreceived0.9mgofthyrotropinalfaintra-
muscularlyoncedailyfor2consecutivedays,and
then6mCiofiodine-124orallythenextday.Two

dayslater,imagingwasperformedwiththeuse
ofaPET-CTscanner(DiscoverySTE,GEHealth-
care),withouttheadministrationofcontrastma-
terial.Thepatientwasscannedfromthecantho-
meatalline(thelinebetweenthecenteroftheear
canaland the junctionof theupperand lower
eyelids)tothemidthighwiththeuseofsevento
ninebedpositions,withscansof6minutesper
bedposition.Theimagesinallthepatientswere
interpreted in a blinded fashion by the same
board-certifiednuclear-medicinephysician,and
thenumber,size,andmaximalstandardizedup-
takevalueofthelesionsineachbodyregionwere
recorded.

If the second iodine-124PET-CTstudy indi-
catedincreasediodineuptakeintheindexlesion
(orlesions),anestimatewasmadeoftheadmin-
isteredactivityofiodine-131requiredtodeliver
aprojectedabsorbeddoseof2000cGyormore
tothelesion.Thisestimatewasbasedonthele-
sionactivityconcentrationmeasuredonPETmul-
tipliedbyarecoverycoefficientbasedonthelesion
dimensionsmeasuredonCTandonanassumed
biologichalf-lifeofatleast2days.Ifitappeared
thatoneormorelesionscouldbetreatedwitha
doseof2000cGyormorewithaniodine-131ad-
ministeredactivityofupto300mCi,thepatient
was then eligible for the standard iodine-131
dosimetryprotocoltodeterminetheactualac-
tivitytobeadministered.Inaddition,asprevi-
ouslydescribed,an imaginganalysis toolwas
usedwiththeGEPETvolumecomputer-assisted
readingsystemtolocalizeindividualiodine-124
uptaketoaspecific,correspondinglesiononCT.25

Tissue Genotyping

MutationdetectioninDNAisolatedfromformalin-
fixed,paraffin-embeddedarchivalsampleswas
performedwiththeuseofthemass-spectrometry
genotypingassay(MassArray,Sequenom),aspre-
viously described.26 This assay interrogated for
mutationsinsomeofthemostcommonthyroid
oncogenes,includingBRAF, NRAS, KRAS, PIK3CA, 
and AKT1. Since themass-spectrometry assays
forcodons12and13ofHRASwerenotinforma-
tive, these sites were evaluated by means of
Sangersequencing.Ifmassspectrometryanaly-
sisfailed,sampleswereassayedforBRAF, NRAS, 
KRAS,andHRASmutationsbymeansofSanger
sequencing.Samplesthatwerewild-typeforon-
cogenepointmutationswere screened for RET
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and PAX8–peroxisomeproliferator–activated re-
ceptor gamma (PPARG) rearrangements. Tumor
complementaryDNA(cDNA)wasusedasatem-
plate for a quantitative polymerase-chain-reac-
tionassaytoidentifyunbalancedexpressionof
exons10and11 relative to12and13ofRET,
whichflanktherearrangementsiteinintron11
(TableS1intheSupplementaryAppendix).Sam-
pleswithgreaterexpressionofexons12and13
thanofexons10and11wereconsideredtobe
positive for an RET/PTC translocation. Cell-line
cDNAfrommedullarythyroidcancers(TTcells)
andpapillarythyroidcancers(TPC1cells)were
usedaspositivecontrolsforexpressionoffull-
lengthRETandRETfusionmessengerRNA,re-
spectively.

Statistical Analysis

Theprimaryendpointwasthepercentageofpa-
tientswithselumetinib-inducedincreasesinio-
dineuptakeintheindextumor(ortumors),as
quantifiedbyiodine-124PETatbaselineandaf-
ter4weeksofselumetinib.Weadoptedas the

nullhypothesisan increase in iodine-124PET–
quantifiediodineuptakein5%ofpatients,with
increaseduptakein25%ofpatientsconsidered
tobedesirable.Withatype1errorof5%anda
power of 85%, increased iodine uptake in the
second iodine-124 PET scanwould need to be
observedinatleastthreepatientsforthestudyto
beconsideredpositive.Asecondprimaryendpoint
wasthetumorresponseatapproximately2and
6monthsafteriodine-131treatmentaccordingto
RECIST,version1.1.

Asecondaryendpointwasanassessmentof
whethertreatmentwithiodine-131afterselume-
tinibwasassociatedwithdecreasedserumthy-
roglobulinlevelsat2and6months.AWilcoxon
signed-ranktestforpairedsampleswasusedfor
thislandmarkcomparisonateachfollow-upas-
sessment.Undetectablethyroglobulinvaluesclin-
icallyreportedaslessthan0.2ngpermilliliter
wereassignedavalueof0.2ngpermilliliterfor
calculations.Anadditional,exploratoryendpoint
wasanassessmentofdifferencesinselumetinib
efficacyforenhancingradioiodineuptakebetween
patientswithBRAFmutationsandpatientswith
wild-typeBRAF(additionaldetailsofthestatisti-
cal design are included in the Supplementary
Appendix).Weuseddescriptivestatisticsforthis
assessment.

R esult s

Study Population

BetweenAugust2010andDecember2011,atotal
of24patientswerereferredandscreenedforthe
study. Two patients were ineligible because of
baselinemeasurementsof theQT interval cor-
rectedforheartratewhichwereoutsidethestudy
range.Twopatientswereenrolledbutdiscontin-
uedthestudybeforeselumetinibwasadminis-
tered: 1 inwhom a new brainmetastasiswas
diagnosedand1inwhomiodinatedcontrastma-
terialwasusedforadiagnosticscanthatrevealed
apulmonaryembolism.

Baselineclinicalcharacteristicsofthe20pa-
tientswhocouldbeevaluatedarelistedinTable1.
Fivepatients(25%)hadclassicpapillarythyroid
cancer, 8 (40%) had tall-cell–variant papillary
thyroidcancer,and7(35%)hadpoorlydifferen-
tiated carcinoma. Nine patients had a BRAF 
V600Emutation,5hadanNRASmutationatco-
don 61 (Q→RorK), 3 had RET/PTC rearrange-

Table 1. Baseline Characteristics of the 20 Patients.

Characteristic Value

Age — yr

Median 61

Range 44–77

Sex — no.

Male 11

Female 9

Type of tumor — no./total no. (%)

Classic papillary 5/20 (25)

Tall-cell papillary 8/20 (40)

Poorly differentiated 7/20 (35)

Tumor genotype — no./total no. (%)

BRAF V600E 9/20 (45)

NRAS Q61R and Q61K 5/20 (25)

RET/PTC 3/20 (15)

Wild type 3/20 (15)

Median no. of prior radioiodine treatments per patient 2.1

Other treatments for thyroid cancer — no. of patients/ 
total no. (%)

External-beam radiation therapy 7/20 (35)

Targeted therapies* 2/20 (10)

* These patients received sorafenib in combination with an mTORC1 (mamma-
lian target of rapamycin complex 1) inhibitor before enrollment in the study.
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ments,and3hadtumorsthatwerewild-typefor
allgenesexamined.NoPAX8-PPARG rearrange-
ments were detected. One BRAF-mutant tumor
andoneRET/PTC tumorwerepoorlydifferenti-
atedcarcinomas;theremainingtumorsofthese
genotypes were papillary thyroid cancers. All
fiveNRAS-mutanttumorswerepoorlydifferenti-
atedcarcinomas.

Efficacy

Figure 1A shows the protocol design. Of the
20patientswhocouldbeevaluated,12(60%)had
iodine-124 uptake that was new, increased, or
both after selumetinib (Fig. 1B). In 8 patients
(40%),thesecondiodine-124PETstudyindicated
that the absorbed radiation dose in the lesion
wouldequalorexceed2000cGywith300mCiof
radioiodineorless;thesepatientscontinuedtore-

ceiveselumetinib,andtheyreceivedtherapeutic
radioiodine.Inall5patientswithNRAS-mutant
tumors,thisdosimetrythresholdwasexceeded,
andthesepatientsweretreatedwithradioiodine.
Incontrast,4of9patientswithBRAFmutations
hadselumetinib-inducedincreasesiniodine-124
uptake,butonly1hadanincreasethatexceeded
thethresholdforradioiodinetreatment.Twoof
3patientswithRET/PTCand1of3patientswith
wild-typetumorshadgreater iodineuptakeon
the second iodine-124 PET study; 1 patient in
each of those genotype groups went on to be
treatedwithiodine-131.Increasesiniodineup-
takewereachievedinpatientswithpapillarythy-
roidcancersandthosewithpoorlydifferentiated
carcinomas(TableS2intheSupplementaryAp-
pendix),aswellasinpatientsineachprotocol-
specified categoryof radioiodine refractoriness

B

A

4/9
5/5
2/3
1/3

12/20

1/9
5/5
1/3
1/3

  8/20

Tumor
Genotype

Patients with Increased
Iodine Uptake in a Lesion

after Selumetinib  

Patients Who
Received

Radioiodine
no./total no. of patients

BRAF 
NRAS 
RET/PTC
Wild-type
Total

Week 1 Week 2–4 Week 5

Selumetinib, 75 mg twice a day for 4 wk

124I
PET-CT

124I
PET-CT

Thyrotropin
alfa injections
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on 124I PET-CT
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124I PET-CT

Discontinue
selumetinib

Continue
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Serial radiologic
scans and

measurement of
serum thyro-

globulin levels

Figure 1. Protocol Design and Changes in Iodine Uptake.

Panel A shows the protocol design. Baseline iodine avidity in the lesion was first assessed with thyrotropin alfa–
stimulated iodine-124 positron-emission tomographic–computed tomographic (PET-CT) scanning. Patients were 
then treated with sel u me ti nib at a dose of 75 mg given orally twice a day for 4 weeks. In the final week of treatment, 
a second thyrotropin alfa–stimulated 124I PET-CT study was performed. The double arrows indicate the two thyro-
tropin alfa injections. Patients with 124I dosimetry that predicted tumor uptake of less than 2000 cGy discontinued 
the study. If the absorbed dose of radioiodine in the lesion was predicted to be 2000 cGy or greater, full dosimetry 
with iodine-131 was performed to calculate the maximum tolerable activity that could be administered safely. Patients 
then received a therapeutic dose of radioiodine the next week after preparation with thyrotropin alfa. Sel u me ti nib 
was continued until 2 days after the administration of therapeutic radioiodine. Thyroglobulin levels and the radio-
graphic response were assessed at 2 and 6 months after radioiodine administration. Panel B shows a summary of 
the changes in iodine uptake quantified by 124I PET-CT and the number of patients who met the criteria for treat-
ment with iodine-131.
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(TableS3intheSupplementaryAppendix).Ofthe
10patientswithnodetectableiodine-124uptake
atbaseline,2hadincreaseduptakeafterreceiv-
ingselumetinib,1ofwhomwentontoreceive
iodine-131.

The selumetinib-induced changes in the io-
dine-124PET-CT scans are shown inFigure2.
The only patient with a BRAF mutation who
qualified for radioiodine therapy had dramatic
increases in iodine uptake in a right cervical
lymphnodeandlungmetastasesthatshowedno
uptake at baseline (Fig. 2A). In other patients,

iodineuptakewasenhancedbothinlesionswith
low-leveliodineavidityandthosewithnoavidity
atbaseline(Fig.2B).Strikingincreasesinselu-
metinib-induced iodine-124 uptake were also
observedinbonemetastases(Fig.2Cand2D).

Quantificationofbaselineandpost-selumeti-
nib iodine-124ineachtumorinapatientwith
anNRASmutationwhoqualifiedforradioiodine
therapy revealed either new iodine uptake or
morethana100%increaseinuptakeinnearly
everylesion(Fig.3).Analysisofeverylesionin
alleightpatientstreatedwithradioiodineshowed

C

A

D

B

Baseline After Selumetinib

Baseline After Selumetinib

Baseline After Selumetinib

Baseline

After
Selumetinib

Figure 2. Iodine-124 PET-CT Scans Obtained before and after Sel u me ti nib Treatment in Selected Patients with Positive 
Responses.

Panel A shows whole-body maximum-intensity projection images of a patient with a BRAF-mutant papillary thyroid 
cancer. New iodine uptake is shown in nearly all previously negative lung and neck metastases. Panel B shows fused 
axial PET-CT images of a patient with an NRAS-mutant, poorly differentiated thyroid cancer. Both new and signifi-
cantly increased iodine uptake in lung metastases is shown. Panels C and D show PET-CT images from another pa-
tient with an NRAS-mutant, poorly differentiated thyroid cancer. In Panel C, fused axial PET-CT images show signifi-
cantly increased iodine uptake in a sacroiliac bone metastasis after administration of sel u me ti nib (right). In Panel D, 
fused axial images (top and bottom left) show new iodine uptake in a previously negative site as well as increased 
avidity in a large left parietal skull metastasis. Three-dimensional rendering highlights changes in the left parietal 
skull metastasis before and after sel u me ti nib (top and bottom right).
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thatselumetinibincreasediodine-124uptakein
nearly all lesions, with more than a 100% in-
creaseinuptakeinmostlesions(Fig.S1inthe
SupplementaryAppendix).Iodineuptakeinsali-

varyglandswasnotsignificantlyaffectedbysel-
umetinib (Fig. S2 in the SupplementaryAppen-
dix);thissuggeststhattheeffectwasrestrictedto
thyroidtumors.
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Figure 3. Quantification of Iodine-124 PET Uptake in a Lesion in a Patient with an NRAS Mutation Who Later Received 
Radioiodine.

Panel A shows the maximal standardized uptake value (SUVmax) for iodine in all tumors in a patient with an NRAS-
mutant, poorly differentiated thyroid cancer. Each bar represents one malignant lesion identified on the iodine-124 
PET-CT scan. The bars to the left indicate the increases in iodine-124 avidity achieved after sel u me ti nib administra-
tion in lesions that absorbed some iodine at baseline. The bars on the right indicate sel u me ti nib-induced changes in 
lesions that were negative for iodine at baseline. Panel B shows the SUVmax in every metastatic lesion identified in 
the same patient before and after the administration of sel u me ti nib. The dashed lines mark points on the graph cor-
responding to different degrees of change in the SUVmax in the lesion after the administration of sel u me ti nib. The 
red dashed line demarcates no change in iodine uptake after the administration of sel u me ti nib (0%). Dashed lines 
to the left of the red dashed line represent graded percentage increases in iodine-124 uptake (+25%, +50%, and 
+100%), whereas the lines to the right represent graded percentage decreases (−25%, −50%, and −75%). Nearly all 
the metastatic lesions in this patient (circles) had more than a 100% increase in iodine uptake after administration 
of sel u me ti nib. The SUVmax for a sternal metastasis was off the scale (it increased from 220 to 599 with sel u me ti nib) 
and thus could not be included in these graphs without obscuring the data for the other 54 lesions analyzed.
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During6monthsoffollow-up,areductionin
the size of target lesions was observed in all
patientsaftertheadministrationofradioiodine,
withconfirmedpartialresponsesinfivepatients
and stable disease in three as the best overall
response(Fig.4A,andFig.S3intheSupplemen-
taryAppendix). Significant decreases in thyro-
tropin-suppressedserumthyroglobulinlevelsaf-
terradioiodineadministrationwereachievedin
alleightpatientsat2monthsand6monthsafter
radioiodine administration, with mean reduc-
tionsof89%(P=0.004)and80%(P=0.004),re-
spectively,ascomparedwiththevaluemeasured

within 3 weeks before radioiodine administra-
tion (Fig. 4B). In seven of the eight patients,
confirmedpartialresponsesandstabledisease
outcomesweredurableoverthe6-monthperiod
of follow-up after radioiodine administration.
Theremainingpatienthada48%reduction in
tumordimensions2monthsafterreceivingra-
dioiodine but then had tumor progression at
6months, representingabestoverall response
ofstabledisease.

Safety

Allpatientswhocouldbeevaluatedcompleted
thefullcourseofselumetinibwithoutadosere-
ductionordelayinadministration.Alltoxicef-
fectsattributedtoselumetinibweregrade1or2
andwereconsistentwithadverseeventsreported
inlargerstudiesofselumetinib,27,28includingfa-
tigue (in80%ofpatients),maculopapular rash
(70%),andacneiformrash(25%).Fourteenpa-
tients(70%)hadgrade1elevationsinliverami-
notransferaselevels,possiblyrelatedtoselumeti-
nib;theselevelsrevertedtobaselinevaluesafter
drugdiscontinuation.(TablesS4andS5inthe
SupplementaryAppendixlistallthetoxiceffects
reportedduringthestudy.)Onepatientwhowas
treatedwith139mCiofradioiodineduringthe
studyreceivedadiagnosisofthemyelodysplastic
syndromemorethan51weekslater;thedisease
eventuallyprogressedtoacuteleukemia.Before
enrollment,thispatienthadreceivedthreecours-
esofradioiodine(acumulativeprestudydoseof
976.2mCi),aswellas8640cGyofexternal-beam
radiationtherapy,forprostatecancer,andthrom-
bocytopenia developed when the patient was
treated with sorafenib and temsirolimus in a
clinicaltrial.

Discussion

Previous studies using various compounds to
promoteradioiodineuptakeinrefractorymeta-
staticthyroidcancershavenotshownaclinically
significantbenefit.3,6Theapproachundertaken
inthisstudywasfacilitatedbyseveraldevelop-
ments:thediscoverythatgeneticalterationsthat
constitutivelyactivateMAPKsignalingcanpro-
mote the dedifferentiation of thyroid-cancer
cells,12,29,30theclinicalavailabilityofaselective
MEKinhibitor,17andthedevelopmentofiodine-
124PET-CTtechnologytoquantifytheuptakeof
iodineinalesion.18
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Figure 4. Response to Iodine-131 Therapy with Sel u me ti nib Treatment.

Panel A shows a waterfall plot of the maximum change in target lesions 
(relative to a prestudy scan) in the eight patients who received therapeutic 
radioiodine. The best overall response in each patient according to the Re-
sponse Evaluation Criteria in Solid Tumors, version 1.1, is also shown. The 
dashed line indicates a 30% reduction in tumor dimensions. WT denotes 
wild-type. Panel B shows serum thyroglobulin values in the eight patients 
treated with radioiodine. NA denotes not available.
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Our results show that inhibition of the
MAPKpathwaywithselumetinibcanrenewthe
therapeuticefficacyof radioiodinebyenhanc-
inguptakeinpatientswiththyroidcancerthat
is refractory to radioiodine. All five patients
withNRAS-mutanttumorshadincreasediodine
uptake in response to selumetinib; four had
confirmedpartialresponsesandonehadstable
disease after radioiodine administration. This
findingisofparticularinterest,giventhewell-
documentedchallengesofdevelopingtherapeu-
ticapproachesforRAS-drivencancers,anditis
consistentwithpreclinicaldatashowingthata
RAS mutation can suppress thyroid-specific
gene expression in a MEK-dependent man-
ner.12,31 Only one of nine patients with BRAF
mutations received radioiodine therapy. That
patienthadaparticularlystrikingconversionof
lesionsfromnegativetopositiveoniodine-124
PETaftertreatmentwithselumetinibandhada
confirmed partial response. Three other pa-
tientswithBRAFmutationsalsohadincreased
uptakeonthepost-selumetinibiodine-124PET
study, even though the threshold required for
therapy was not reached. The differences ob-
served between RAS-mutant and BRAF-mutant

tumorsremaintobeexplained,butitispossi-
blethatMAPKsignalingisincompletelyinhib-
ited in some BRAF-mutant tumors because of
higherf luxthroughthepathway.

Theseresultsprovideaproofofprinciplethat
MEKinhibitorscaninduceiodineuptakeandre-
tentioninthyroidtumors.Anadvantageofthis
therapeuticstrategyoverlong-termtreatmentwith
small-moleculekinaseinhibitorsalone32isthat
onlyashortcourseofdrugtherapyisrequiredto
elicitadurableclinicaleffect.Enhancediodine
uptake was also observed in bone and nodal
metastases,nichesthathavebeencomparatively
refractorytotreatmentwithkinaseinhibitors.
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