
Cerebral&infarct&

1.  F18;&FDG&is&dependent&on&glucose&metabolism&

2.  SPECT& Tc;99m& HMPAO/& ECD& are& cerebral&&

perfusion& agents& that& are& lipid& soluble,&

distribute&according&to&blood&flow&(gray&to&white&

maIer&raDo,&3:1&to&4:1)&and&fix&intracellularly&

3.  Wedge& shape& severe& decreased& metabolism& in&

the&lem&posterior&parietal&region&

4.  Cerebral&hemorrhage/&infarct/&neoplasm&





Seizure&disorder&

1.  Decreased&metabolism&in&the&lem&temporal&lobe.&

2.  Temporal& lobe& infarct,& benign& mass& or& lower&

grade& tumor,& post& RT& changes,& interictal& lem&

temporal&lobe&seizure&focus.&

3.  Interictal&lem&temporal&lobe&seizure&focus.&

4.  ConformaDon& of& the& locaDon& of& the& seizure&

focus& in& a& candidate& for& temporal& lobe&

lobectomy.& Study& is& an& alternaDve& to& surgical&

depth&electrode&placement.&





Alzheimer’s&disease&

1.  MulDinfarct,& Alzheimer's& disease,& AID’s& related,&
substance& abuse,& alcoholism,& Parkinson’s&
disease,& Prick’s,& Creutzfeldt;Jacob& disease,&
depression,&metabolic.&

2.  DiagnosDc&paIern&using&Tc;99m&HMPAO,&ECD&or&
FDG&PET:&mulDinfarct&demenDa&or&Alzheimer’s.&

3.  Hypometabolism&(decreased&FDG&uptake)&of&the&
posterior&parietal&and&temporal&lobes&bilaterally&
and&to&a&lesser&extent&the&frontal&lobes.&

4.  Alzheimer’s&disease&>&80%&&





Prick’s&disease&

1.  Alzheimer’s& disease,& mulDinfarct,& late& stage&
Parkinson’s&disease,&metabolic,&drug&related&and&
depression.&

2.  The&lipophilic&Tc;99m&HMPAO&or&ECD,&cross&the&
intact&BBB&and&have&rapid&intracellular&uptake&in&
proporDon& to& cerebral& blood& flow.& They& are&
fixed& intracellularly.& Subsequent& imaging&
provide&a&snapshot&of&the&blood&flow&paIern&at&
the&Dme&of&injecDon.&

3.  Alzheimer’s,&mulD&infarct&or&Prick’s&disease&

4.  Decreased& blood& flow& in& the& frontal& cortex&
bilaterally&as&a&result&of&frontal&lobe&demenDa.&





Brain&lymphoma&vs.&infecDon&in&AIDS&

1.  Tumor,& especially& lymphoma,& versus&

infecDon&e.g..:&toxoplasmosis&

2.  Increased& FDG& uptake& in& the& medulla&

oblongata&

3.  Consistent&with&malignancy&

4.  Yes,&with&Tl;201&or&Tc;00m&sestaMIBI&





Herpes&EncephaliDs&

1.  Increased&uptake&in&the&temporal&lobe&

2.  Increased&blood&flow&in&this&region&
3.  Seizure& focus& (ictal& injecDon),& infecDon& or&

tumor&

4.  Herpes&encephaliDs&





Normal&pressure&hydrocephalus&

1.  In;111& DTPA& administered& intrathecally& by&

lumbar&puncture&

2.  Ventricular& reflux& and& convexity& block& with&
no&flow&over&the&cerebral&hemispheres&above&

the&sylvian&fissure&

3.  CommunicaDng&hydrocephalus,&in&this&case&is&

normal&pressure&hydrocephalus&

4.  Triad&of&demenDa,&ataxia&and&inconDnence&





HunDngton’s&disease&

1.  Hypometabolism&of&the&basal&ganglion&

2.  Progressive& motor& abnormal iDes& of&

involuntary& choreiform& movements& and&

akineDc& rigidity& with& progressive& cogniDve&

deterioDon&

3.  Neuronal&degeneraDon& in& the& striatum,&with&

the&caudate&more&involved&than&the&putamen&

4.  HunDngton’s&disease&





CSF&leak&

1.  In;111&or&Tc;99m&DTPA&

2.  Intrathecal&injecDon&
3.  AcDvity& in& the& region&of& the&nose,& indicaDng&

CSF&leak,&probably&at&the&cribriform&plate&

4.  Anterior& views.& With& the& use& of& nasal&

pledgets& placed& in& the& superior,&middle& and&

inferior&nasal&turbinates&



Thyroid&&



Pearls&&&Pijalls&&

Thyroid&

•  A& normal& 24;hour& iodine&

uptake& in& most& lab& ranges&

between&10%&and&30%&to&35%.&

•  Common& ind icaDons& for&

radionuclide& thyroid& imaging&

are& to& differenDate& between&

various& types&of& hyperfuncDon&

(Grave’s&disease,&toxic&MNG&or&

autonomous& adenoma)& and& to&

assess& nodularity& (cold& or& hot)&

and&ectopic&Dssue.&



Pearls&&&Pijalls&&

Thyroid&

•  Salivary&glands&are&usually&seen&
on& Tc;99m&pertechnetate& scan&

unless& the& paDent& has& Grave’s&

disease.& They& are& not& seen& on&

an&I;123&scan.&

•  A& lingual& thyroid& is& usually&
located& in& the& midline& at& the&

base& of& tongue,& with& no&

thyroid& seen& in& the& normal&

locaDon.& The& ectopic& gland& is&

omen&hypofuncDonal.&



Pearls&&&Pijalls&&

Thyroid&

•  A& thyroid& gland& with& an&

organificaDon& defect& is& usually&

seen& as& a& normal& gland& on& a&

Tc;99m&pertechnetate&scan&but&

manifests& no& acDvity& on& an&

iodine& scan& in& a& child& with& a&

high&TSH&level.&

•  A& large& gland& with& intense&
homogenous& acDvity& is& usually&

Grave’s&disease.&



Pearls&&&Pijalls&&

Thyroid&

•  A& large& gland& with& patchy&
acDvity& is& usually& a& MNG& but&

c o u l d& a l s o& b e& c h r o n i c&

thyroidiDs& or& an& infiltraDve&

process.&

•  Most& hot& nodules& are& benign&

hyperfuncDoning& adenomas.&

They& can&be& single& or&mulDple&

and& can& suppress& the& normal&

porDons&of&the&glands.&



Pearls&&&Pijalls&&

Thyroid&

•  Subacute& thyroidiDs& classically&
presents& with& a& markedly&
depressed& radioiodine& uptake&
and& nonvisualizaDon& of& the&
g land& in& a& paDent& with&
thyrotoxicosis& and& a& tender,&
swollen&thyroid.&

•  Chronic& thyroidiDs& can& mimic&
numerous& thyroid& condiDons&
but& on& imaging& is& usually&
patchy& and& decreased& in&
acDvity.&



Pearls&&&Pijalls&&

Thyroid&

•  Thyroid& cancer& is& usually& a&
single& focal& cold& lesion& and&

only&rarely&is&seen&to&be&diffuse&

or&mulDfocal&on&thyroid&scan.&

•  T h y r o i d & c a n c e r & c a n&

concentrate& Tc;99m& sestamibi&

and&persist&on&delayed&images.&

They& are& typically& cold& on&

Tc;99m&pertechnetate&scans.&



Pearls&&&Pijalls&&

Thyroid&

•  AcDvi ty& in& the& b ladder ,&

stomach&and&bowel&and&diffuse&

acDvity& in& the& liver& is& usually&

normal&on&a&WBS&of&I;131.&

•  Amer&successful&RAI&ablaDon&of&
residual& thyroid& Dssue,& serum&

Tg& are& sensiDve& to& detect&

recurrent&thyroid&cancer.&







































Thyroid+
func1on+

Increased+
thyroid+
uptake+

Normal+
thyroid+
uptake+

Decreased+thyroid+
uptake+

Thyrotoxicosis++ Grave’s&disease& AnDthyroid&drugs&
PTU/CBZ&

Expended&iodide&pool&

Thyrotoxic&phase&of&
subacute&thyroidiDs&

Hashitoxicosis&& Thyrotoxicosis&facDDa&

AnDthyroid&drugs&

Struma&ovarii&

Euthyroid++ Rebound&amer&
anDthyroid&drug&

withdrawal&

Recovery&from&
subacute&

thyroidiDs&

Hypothyroid++ Hashimoto’s&
disease&

Hashimoto’s&
disease&amer&RAI&

therapy&

Hypothyroidism:&primary/
secondary&

Subacute&
thyroidiDs&





The&following&may&cause&a&solitary&cold&nodule&
in&thyroid&sca&



&

&

+
Solitary+cold+
nodule+in+

thyroid+scan+

Thyroid&adenoma&

Parathyroid&adenoma&

&&&Lymphoma&&

TB&&

&Colloid&cyst&

MetastaDc&carcinoma&

Primary&thyroid&

carcinoma&



&

&

&

Nodules+

Cold& 15&–&20%&

Indeterminate& 15&–&20%&

&&&MNG& 5%&

&Hot&&

&

<1%&

Percentage&to&become&&thyroid&carcinoma&



&

Discordant+
nodule+
(thyroid+
adenoma)+

+
Hot+nodule+of+Tc=99m+

+
Cold+nodule+of&I;131&&&&

&&

20%&malignant&=&trapping&but&not&organified&



Reverse+discordant+
nodule+

(thyroid+adenoma/+
Hashimoto’s+
thyroidi1s/+

thyroglassal+duct)+

+
Cold+nodule+of+Tc=99m+

+
Hot+nodule+of&I;131&&&&

&&

Small&amount&of&funcDoning&thyroid&Dssue&

with&intact&trapping&and&organified&



+
+

Owl’s+eye+sign+

+
+
Photopenic+ area+ in+ center+ of+
func1oning+ autonomous+ + thyroid+
nodule+=+cys1c+degenera1on+within+
solitary+func1oning+thyroid+nodule+

+
+

Fish+eye+sign+

&
&

Central& core& of& funcDoning& Dssue&
surrounded& by& a& rim& of& decreased&

uptake&=& funcDoning&adenoma&with&
cysDc&degeneraDon&at&periphery&





























Causes&of&

hyperthyroidism&
Grave’s&Disease&
Toxic&mulDnodular&Goitre&

Toxic&adenoma&&

ThyroidiDs&
• &Hashimoto’s&

• &Subacute&(De&Quervain’s)&
• &Silent&(post&partum)&

FacDDous&&

Iodine&and&iodine;

containing&drugs&agents&
Drugs&;&amiodarone&

TrophoblasDc&disease&
&

AnDthyroid&drugs&
Surgery&

Radioiodine&&

Self&limiDng&
SymptomaDc&

&

Treatment&of&causes&



Treatment&Choices&

&
AnDthyroid&drugs&(thionamides)&
&•&inhibit&&thyroxine&producDon&

&•&immunomodulaDon&

&

Surgery&

&•&reduce&thyroid&bulk&to&decrease&thyroxine&
producDon&

Radioiodine&

&•&same&principle&as&surgery&



Physical&CharacterisDcs&of&131Iodine&&

•  reactor&produced&
•  T&½&8.02&days&
•  ßeta&and&gamma&emiIer&

•  ßeta&;&606&keV&max,&191&keV&mean&

•  Beta;parDcle&emission&Dssue&range&
–&0.8mm&(local&therapeuDc&effect)&

•  gamma&;&364&&&637&keV&

•  Clinical&Form&&:&Sodium&Iodide&



131I&concentrated&by&the&cells&
AdministraDon&of&oral&

Sodium&iodide&

Reduce&thyroid&mass/size&

Decreased&thyroxine&
producDon&

High&local&radiaDon&(beta&
parDcle&emissions)&&

&&&&&&&&&&&&&&&&&cytotoxic&effect&

Physiological&Basis&of&Radioiodine&Treatment&





ContraindicaDons&

•  Pregnant&women&
&a.&cross&the&placenta&–&accumulate&in&the&&&&

&&&&&&&&fetal&thyroid&gland&–&severe&neonatal&&&&

&&&&&&&&hypothyroidism&

&b.&irradiaDon&–&&&&&risk&of&thyroid&cancer&

&c.&retained&acDvity&in&maternal&bladder&–&direct&&

&&&&&exposure&to&the&fetus&
&

•  LactaDng&mother&





PaDent’s&PreparaDon&

•  No&solid&foods&or&drink&dairy&products&for&at&least&two&
hours&before&and&amer&treatment.&

&

•  Low&iodine&diets&for&about&3&;&7&days&

•  GD&paDents&should&be&counseled&regarding&the&risks&of&
ophthalmopathy.&

•  Render&&paDents&euthyroid&before&treatment&with&131I&

or&thyroidectomy.&&

&;&older&paDents&(>&50–60&years&old)&

&;&very&thyrotoxic&paDents&(symptomaDc)&

&;&paDents&with&cardiac&problems.&&





PaDent’s&PreparaDon&

• &Follow&drug&interacDons&notes&

• &AnDthyroid&drugs&;&resumed&3&to&10&days&
following&

&&treatment,&or&earlier,&if&clinically&necessary&&

&

• &Beta&blockers&medicaDons&;&to&reduce&symptoms&&

&&&which&may&occur&during&treatment:&

&propranolol,&80–160&mg/day,&or&&

&atenolol,&50–150&mg/day,&or&

&dilDazem&30&–&180mg/day&(bronchospasm)&



Doses&

Two&common&approaches:&
&

1.  Fixed&Dose&

2.  Calculated&Dose&;&based&on&the&size&of&the&
thyroid&&&percentage&uptake&at&24&h.&



• &Although&treatments&based&on&dose&calculaDons&&&&&&
&&appear&efficacious,&they&have&not&proven&superior&to&&

&&the&use&of&empirically&selected&administered&&

&&acDviDes.&

&

• &Fixed&dose&advantages&–&simple&&&successful&&
&&outcome&in&an&acceptable&number&of&paDents.&

&

&

Doses&



IniDal&Therapy&

Grave’s++
Disease+

Subacute+
Thyroidi1s+

Toxic+adenoma+
(Plummer+Disease)&

Hyperfunc1oning+
Mul1nodular+

Goiter+

Β=block+
An1thyroid+

Β=block+
Steroids+un1l++
resolu1on+of++
symptoms+

Β=block+
An1thyroid+

Β=block+
An1thyroid+



Β;blockers&
Carbimazole+or+PTU+

Modulate&therapy&
unDl&normalizaDon&

of&TSH,&FT3,&FT4&&
(18&–&24&months)&

Grave’s&Disease&

Withdrawal&of&Β;blocker&
Progressively&reduce&

Carbimazole+or+PTU+
&&

Check&TSH,&FT4,&FT3&
Every&3&month&



Β;blockers&
Carbimazole+or+PTU+

Grave’s&Disease&;&1°&relapse&&

• &Inform&the&pt&on&alternaDve&&

&&advantages&and&limitaDons&of&&

&&13I&I&therapy&and&surgery&&

&

• &Needs&of&subsDtuDve&Tx&in&&
&&both&cases&
+

• &Pt’s&age&and&gender&
• &Size&of&goiter&
• &Tracheal&compression&

• &Narcosis&risks&
• &ComplicaDons&of&thyroid&surgery&



Fixed&dose&

•  Vary&but&are&commonly&in&the&range&of&

185–555&MBq&(5–15&mCi)&

•  Depending&on&the&size&of&the&gland&



CalculaDon&of&Administered&AcDviDes&for&Treatment&of&Benign&Thyroid&
Diseases&

Use&the&following&equaDon&to&correct&for&24;hour&RAI&
uptake&in&target&thyroid&Dssue:&

Administered&acDvity&&=&Thyroid&Dssue&mass&(g)&x&AcDvity&per&g&

& & & &Dssue/RAI&uptake&at&24&hours&

&

&with&RAI&uptake&expressed&as&a&fracDon&of&100%&uptake.&&





Toxic+adenoma+
(Plummer+
Disease)&

Hyperfunc1oning+
Mul1nodular+

Goiter+

Long&Term&Therapy&

131I&THERAPY&vs.&SURGERY&
&

• &Pt’s&age&and&gender&
• &Size&of&goiter&
• &Tracheal&compression&

• &Narcosis&risks&
• &ComplicaDons&of&thyroid&surgery&



Toxic&Nodular&Goitre&

•  DefiniDve&treatment&is&&more&commonly&accomplished&
with&RAI&or&surgery&

•  >&RAI&resistant&&than&GD&

•  Large&doses&&

•  Standardized&administered&acDviDes:&&

&740&–&1110&Mbq&(20&;&30&mCi)&

•  Administered&less&than&370&MBq&(10mCi)&

&&–&common&Tx&failure&

&(Estour&B,&Millot&L,&Vergely&N,&et&al.&Efficacy&of&low&doses&of&radioiodine&in&the&treatment&of&autonomous&

thyroid&nodules:&importance&of&dose/area&raDo.&Thyroid&1997;&7(3):357–361.)&

•  Large&solitary&nodules&–&percutaneous&ethanol&injecDon.&&&
&(Del&Prete&S,&Caraglia&M,&Russo&D,&et&al.&Percutaneous&ethanol&injecDon&efficacy&in&the&treatment&
of&large&symptomaDc&thyroid&cysDc&nodules:&ten;year&follow;up&of&a&large&series.&Thyroid&2002;&
12(9):815–821.)&



Total&thyroidectomy&for&clinically&benign&disease&of&
the&thyroid&gland&

&

Incidence&of:&

•  temporary&recurrent&laryngeal&nerve&palsy& &&& &2.3%&&

•  temporary&hypoparathyroidism& & &&&&&&&&&&&&&&14.4%&

•  Permanent&recurrent&laryngeal&nerve&palsy& &&& &1.1%&&

•  permanent&hypoparathyroidism& && & &2.4%&&

•  Neither&&the&iniDal&clinical&diagnosis&&nor&a&history&of&previous&&
treatment&&significantly&&influenced&&the&rate&of&complicaDons.&&

&

Bron(LP,(O'Brien(CJ.(Br(J(Surg.(2004(May;91(5):569I74.(



Euthyroid&MulDnodular&Goitre&

•  Surgery&–&first;line&treatment&esp.&for&enlarged&goiter&

•  Preferable&for&paDents&>&65&years&old&
•  >&90%&of&paDents&demonstrate&a&decrease&in&goiter&size&&

;  Average&&reducDon&of&40%&at&1&year&.&
(Freitas&JE.&TherapeuDc&opDons&in&the&management&of&toxic&and&nontoxicnodular&goiter.&&

Semin&Nucl&Med&2000;&30(2):88–97.&)&

&

•  A&small&percentage&may&developed&transient&
hyperthyroidism&&

•  Approximately&&4%&developed&autoimmune&thyroid&
disease.&
&(Huysmans&AK,&Hermus&RM,&Edelbroek&MA,&et&al.&Autoimmune&hyperthyroidism&occurring&late&amer&radioiodine&
treatment&for&volume&reducDon&of&large&mulDnodular&goiters.&Thyroid&1997;&7(4):535–539.)&

•  RAI&>&effecDve&than&L;thyroxine&suppression&for&reducing&
the&size&of&nontoxic&goitre&&



Goals&and&outcomes&

•  80%&response&rate&should&be&expected.&
•  Primary& goal& of& treatment& is& to& resolve&

hyperthyroidism&&

•  Hypothyroidism& is& preferable& to& persistent&

hyperthyroidism& ;& if& not& opDmally& treated,&may&

produce&significant&morbidity.&&

•  Hypothyroidism& tends& to&occur&more& frequently&

in&paDents&with&small&thyroid&glands&&&lower&24;

hour&uptake&measurements&

•  Significantly&reduce&thyroid&gland&size&in&paDents&
with&GD&;&50%&to&80%&reducDon&in&gland&volume&



Outcomes&

•  Euthyroid&
•  Hypothyroid&

&

–&transient&

&&&–&permanent&&&&&&&&&&&&&&&early&

& &&

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&late&

•  Hyperthyroid&&



Side&Effects&

Generally&it&is&mild,&infrequent&and&self;limiDng.&

&

General&

•  Thyroid&tenderness&&&&&&&&&&&&&&&&&&&&
•  Salivary&gland&swelling&&&&&&&&&&&
•  Nausea&

•  Vocal&cord&paresis&–&extremely&rare&&
&

Hormonal&related&

•  Transient&hypothyroidism,&permanent&hypothyroidism&

•  Transient&hypoparathyroidism&

•  ExacerbaDon&of&hyperthyroidism&–&Beta&blockers&

•  Thyroid&storm&is&uncommon&

NSAIDs&



Side&Effects&
Severe&side&effects&>&likely&in&paDent&with&large&goitre&–&risk&of&

tracheal&compression.&

&

Ophthalmopathy&

• &Ophthalmopathy&may&be&parDcularly&severe&in&3%&&&

&&to&5%&of&paDents&with&GD.&&

• &Progression&of&ophthalmopathy&;&approximately&&&&&&

&&15%&of&paDents&especially:&&

&&& &;&who&smoke&

&;&have&pre;exisDng&eye&disease&

&;&high&levels&of&TSH;receptor&anDbody&
&&&;&severe&manifestaDons&of&thyroid&disease&



Side&Effects&

•  Prednisone,& 0.4–0.5& mg/kg& per& day,&
beginning& immediately& amer& radioiodine&
treatment,& conDnued& for& one& month,&
and& then& tapered& over& three& months,&
has& been& shown& to& be& effecDve& in& a&
randomized&controlled&trial.&
&(Bartalena&L,&Marcocci&C,&Bogazzi&F,&et&al.&RelaDon&between&therapy&for&hyperthyroidism&and&
the&course&of&Graves’&ophthalmopathy.&N&Engl&J&Med&1998;&338(2):73–78.&)&

&

•  Refer ra l& to& Ophtha lmolog i s t& i s&
recommended.&



Side&Effects&

Cancer&Risk&
•  remains&controversial&

•  Ron&et&al,&a&study&of&>35,000&hyperthyroid&
paDents& found& that& the& incidence& of&
thyroid&cancer&in&RAI;treated&paDents&over&
a& 27;year& period& was& not& significantly&
different& from& its& incidence& in& the& general&
populaDon.&

GeneDc&Effects&to&Offspring&

•  no& evidence& that& exposure& to& radioiodine&
affects& the& long;term& outcomes& of&
subsequent&pregnancies&and&offspring.&



PaDent’s&InstrucDon&&&PrecauDons&

•  First&72&hours&amer&treatment:&

•  Drink&plenty&of&fluids.&
•  Do&not&spend&prolonged&periods&of&Dme&closer&than&3&feet&to&any&

adult,&or&within&the&same&room&as&any&child.&

•  For&the&next&4–7&days:&
•  Void&as&omen&as&possible.&Flush&toilet&twice&amer&use.&
•  Wash&hands&thoroughly&and&rouDnely.&

•  Do&not&share&eaDng&utensils&or&towels.&Wash&utensils&or&clothing&

separately.&&

•  Avoid&close&contact&with&children&and&pregnant&women&(not&

closer&than&2&feet)&for&long&periods&of&Dme.&&

•  Sleep&in&a&separate&bed.&&

•  Avoid&kissing&and&sexual&intercourse.&



Follow&up&

•  To&assess&the&need&for&
&;&further&131Iodine&treatment&

&;&L;thyroxine&replacement&

&

•  Symptoms& of& uncontrolled& hyperthyroidism&
should&be&described,&and&paDents&should&be&
informed& to& seek& medical& aIenDon& if& such&
symptoms&occur.&

•  4& to& 6& weeks& and& at& regular& intervals&
thereamer.&



Children&with&hyperthyroidism&

•  Incidence& of& side& effects& from& anDthyroid&
medicaDons& is& higher& && less& consistent& in& taking&
the&medicaDons&&&&&&&&&&&&&&remission&rates&are&lower.&

•  Surgery& ;& may& have& the& highest& cure& rates& but&
thyroidectomy&is&technically&more&difficult&in&young&
children.&

•  Severa l& author iDes& have& promoted& the&
administraDon&of&131I&earlier&in&the&management&of&
pediatric& paDents& and& even& as& the& primary&
treatment.&&

•  Children&as&young&as&3&year&old&can&be&treated.&



&

&

&

&

&Chronic&Renal&Failure&and&Dialysis&

PaDents&&

&•  Holst&et&al.&reviewed&the&medical&literature&

and&concluded&that:&&

&

& &131I&dose&does&not&need&to&be&adjusted.&

H o w e v e r , & r e c o m m e n d e d & 1 3 1 I&

administraDon& as& soon& as& possible& amer&

dialysis& and& a& delay& in& & subsequent&

dialysis&unDl& the&maximum&131I&uptake&has&

occurred&in&the&thyroid.&



+
+
+

Temperature++

37.2=37.6+ 5+

37.7=38.2+ 10+

38.3=38.7+ 15+

38.8=39.3+ 20+

39.4=39.9+ 25+

>40+ 30+

+
CNS+

Mild+agita1on+ 10+

Moderate+delirium/psychosis+ 20+

Seizure/coma+ 30+

GI/liver+dysfunc1on+ Diarrhea/vomi1ng/abd+pain+ 10+

Unexplained+jaundice+ 20+

+
Cardiovascular+dysfunc1on+

99=109+ 5+

110=119+ 10+

120=129+ 15+

130=139+ 20+

>140+ 25+

+
Heart+failure+

Pedal+edema+ 5+

Bibasilar+rates+ 10+

APO+ 15+

AF+ 20+

Precipitant+history+ nega1ve+ 0+

posi1ve+ 10+

Score&>45&suggesDve&of&thyroid&storm,&25&–&44&supports&the&diagnosis&and&<&25&unlikely&thyroid&storm&&



Molecular&geneDc&of&thyroid&

carcinoma&



IntroducDon&

•  Thyroid&cancer;&most&common&malignant&
tu&of&endocrine&system&&&accounts&for&1%&
of&all&newly&diagnosed&cancer&cases.&

•  Most& thyroid& cancers& originate& from&
thyroid&follicular&cells&.&

•  Type&of&thyroid&malignancy&:&&

•  papillary&ca&80%,&
•  follicular&ca&15%& &may&be&of&convenDonal&
or&oncocyDc&(Hurthle&cell)&type.[4]&&

•  Follicular& ca& develop& either& from& pre;
exisDng& benign& follicular& adenomas& or&
directly,&bypassing&the&stage&of&adenoma.&&



SchemaDc&representaDon&of&thyroid&ca&origin&and&its&putaDve&progression.&OncocyDc&adenoma&
and&ca&are&considered&to&be&variants&of&follicular&adenoma&and&ca.&Papillary&ca&may&be&of&the&

classical&type&or&manifests&as&one&of&its&variants,&including&oncocyDc&variant&of&papillary&ca&

2% 

3% 





Papillary&Ca&
•  AcDvaDng&mutaDons& of& BRAF,& RET& or& RAS& genes&

seen&in&70%&papillary&ca.&&&

•  Genes& mutaDons& & rarely& overlap& in& the& same&

tumor,&suggesDng&that&acDvaDon&MAPK&signaling&

is&essenDal&for&tumor&iniDaDon&&

•  AlteraDon& of& a& single& effector& of& the& pathway& is&
sufficient&for&cell&transformaDon&



+
BRAF+

&

Mol&p/way&in&thyroid&papillary&ca&&&typical&microscopy&&&clin&feat&of&tu&assoc&with&specific&&
mutaDons&



BRAF&mutaDon&
•  Involve&nucleoDde&1799&and&result&in&a&val;to;glut&
subsDtuDon&at&residue&600&(V600E).&&

•  Other& &mech& include& K601E& point&mut,& small& in;

frame&inserDons&or&del&surrounding&codon&600,[14–

16]&&&AKAP9;BRAF&rear& &which&is&more&common&in&

papillary&ca&a/w&radiaDon&exposure.[17]&



With&BRAF&mutaDon….&

•  Extrathyroidal& extension& ,& advanced& tu& stage&
@&presentaDon,&tu&recurrences&&&lymph&node&
or&distant&mets.&

•  BRAF& V600E& is& independent& predictor& of& tu&
recurrence&even&in&stage&1;2.&

•  Decreased& ability& of& tu& to& trap& radioiodine&&&
dysregulaDon& of& funcDon& of& Na& iodide&
symporter& (& NIS)& && other& genes&metabolizing&
iodides&in&follicular&cells&



BRAF&mut&as&therapeuDc&target…..&

•  BRAF& inhibitors& like& BAY& 43;9006,& a& mulDkinase&
inhibitor&with&potent&acDvity&against&RAF&&&other&
protein&kinases.&

•  BAY& 43;9006& effecDvely& blocks& the& wild;type&
BRAF&and&the&mutant&V600E&BRAF&kinase&acDvity.
[13,31]&&

•  Sudies&showed&that& &BAY&43;9006& & inhibit& &BRAF&
signaling& and& growth& of& all& thyroid& cancer& cell&
lines& carrying& mutant& BRAF& and& & it& impair& the&
growth&of&the&cell&line&xenograms&in&nude&mice.[32]&&



RET/PTC&rear&in&papillary&thyroid&ca&



RET/PTC&

•  Fusion& between& the& 3´;porDon& of& the& RET&
receptor& tyrosine& kinase&gene&and& the&5´;porDon&

of&various&genes.&&

•  Two& most& common& rear& & types,& RET/PTC1& and&
RET/PTC3,& are& paracentric& inversions,& because&
both&RET&and& its&respecDve&fusion&partner,&H4&or&
NCOA4( (ELE1),& reside& on& the& long& arm& of&

chromosome&10.[36–39]&&&



RET/PTC 1 

Two most common rear types RET/PTC 1 & RET/PTC 2 are 
paracentric inversions bcoz both RET & its respective fusion 
patner, H4 or NCOA4(ELE1), reside on the long arm of chr 10 



RET/PTC 3 



RET/PTC 3 



RET/PTC&

•  Most&of&these&rare&RET/PTC& &seen&in&papillary&
ca& fr& pts& with& a& h/o& environmental& or&

therapeuDc&exposure& to& ionizing& radiaDon,[40–

46]&&&in&children&&&young&adult.&

•  In& papillary& ca& & assoc/w& exposure& to& ionizing&
radiaDon& (i.e.& post&Chernobyl),& RET/PTC1&a/w&

classic& papillary& histology,& RET/PTC3& more&

common&in&solid&variant&



RET/PTC+2+t(10;17)(q11.2;q23)+
+

RET/PTC2+and+nine+more+recently+iden1fied+types+of++
RET/PTC+are+all+interchromosomal+transloca1ons+



RET/PTC+2+t(10;17)(q11.2;q23)+
+



RET/PTC 5 t(10;14)(q11.2q32) 



RET/PTC 5 t(10;14)(q11.2q32) 



RET/PTC 6 – t(7;10)(q32;q11.2) 



RET/PTC 6 – t(7;10)(q32;q11.2 



RET/PTC 7 – t(1;10)(p13;q11.2) 



RET/PTC 7 – t(1;10)(p13;q11.2) 
 



RET/PTC 8 – t(10;14)(q11.2;q22.1) 



RET/PTC+8+t(10;14)(q11.2q22.1)+



&&

RET/PTC 9 – t(10;18)(q11.2;q21) 



RET/PTC 9 – t(10;18)(q11.2;q21) 
 



PCM 1/ RET – t(8;10)(p21;q11.2) 



PCM 1/ RET – t(8;10)(p21;q11.2) 
 



RFP/RET – t(6;10)(p21;q11.2) 



RFP/RET – t(6;10)(p21;q11.2) 
 



RET/PTC&

•  ELKSIRET&and&HOOK3IRET&fusions&idenDfied&in&
papillary&ca&with&no&apparent&h/o&of&radiaDon&

exposure.[47,48]&&



ELKS/RET  - t(10;12)(q11.2;p13.3) 



ELKS/RET  - t(10;12)(q11.2;p13.3) 
 



HOOK3/RET – t(8;10)(p11.21;q11.2) 



HOOK3/RET – t(8;10)(p11.21;q11.2) 
 



•  All&fusions&leave&the&tyrosine&kinase&domain&of&

the& RET& receptor& intact& and& enable& the& RET/

PTC&oncoprotein&to&bind&SHC&and&acDvate&the&

RAS;RAF;MAPK&cascade.[49]&&



RET/PTC&mut&as&therapeuDc&target….&
•  ZD6474,&orally&acDve&low&m.w&receptor&kinase&

inhibits& & VEGVR;2& && blocks& RET& tyrosine&

kinase.&&

•  ZD6474& block& phosphorylaDon& and& signalling&
from&RET/PTC3& in( vitro,& induce& growth& arrest&
of& human&papillary& ca& cell& lines& carrying&RET/

PTC1& and& & prevent& growth& of& RET/PTC3;

transformed&fibroblasts&in&nude&mice.[64,65]&&



RET/PTC&mut&as&therapeuDc&

target……..&

•  SU& 12248& (mulDkinase& inhibitor& ;& suniDnib)&&

effecDvely& inhibit& signalling& from& RET/PTC&

kinase& in& the& experimental& models& and& has&

been& tested& in& Phase& II& clinical& trial& in&

rad io iod ine;ref ractory ,& unresectab le&

differenDated&thyroid&cancer.[66]&



RAS&
•  RAS& genes& (HRAS,& KRAS& and& NRAS)& encode& G;proteins&
important& in& the& intracellular& transducDon& of& signals& arising&
from&cell&membrane&receptors.&&

•  In&its&inacDve&state,&RAS&protein&is&bound&to&GDP.&&
•  Upon& acDvaDon,& it& releases& GDP& and& binds& GTP,& acDvaDng&
MAPK&and&&PI3K/AKT.&&



•  Normally,& the& acDvated& RAS;GTP& protein& becomes&
quickly&inacDve&due&to&its&intrinsic&GTPase&acDvity&and&
the&acDon&of&cytoplasmic&GTPase;acDvaDng&proteins.&&



•  Point&mut& in&the&discrete&domains&of& the&RAS&
gene&either&increase&its&affinity&for&GTP&(mut&in&
codons& 12& and& 13)& or& inacDvate& its&
autocatalyDc& GTPase& funcDon& (mut& in& codon&
61).&&

•  As& a& result,& the& mutant& protein& becomes&
permanently& switched& in& the& acDve& posiDon&
and& conDnuously& acDvates& its& downstream&
targets&



Follicular&Ca&&&Adenoma&

•  RAS&
•  PAX8;PPAR&
•  PIK3CA&
•  PTEN&



Mol p/way in follicular thyroid ca 



Foll&Ca&&&Adenoma&;&RAS&
•  MutaDons& found& in& 40& to& 50%& convenDonal&

foll&ca&&&in&20&to&40%&adenomas.&

•  Hotspots&–&NRAS&codon&61&&&HRAS&codon&61.&
•  MutaDons&seen&in&15&to&25%&oncocyDc&cell&ca.&

•  Mut& correlates& with& tu& dedifferenDaDon& &&

metastasis&&



Foll&Ca&&&Adenoma&;&PAX8;PPARy&
•  Due&to&t(2,3)(q13;p25)&
•  Leads&to&fusion&of&PAX8&&&PPARy&genes.&
•  35%&of& convenDonal& foll& ca&&& lower& in&hurtle&
cell&ca.&

•  A/w& younger& age,& smaller& size,& solid/nested&

growth&paIern&&&vas&invasion&

•  If&seen&in&adenoma&–& &?&Insitu&(preinvasive&foll&

ca,&?invasion&overlooked&in&histo)&&&



Foll&Ca&&&Adenoma&–&other&mut&

•  P13K/AKT&pathway&mut& seen& in&6;13%& foll& ca&

&&0;6%&of&foll&adenoma&

•  In&exons&20&&&9&of&PIK3CA&genes.&
•  & LOH& in& regions& harboring& different& tu& supp&
genes..&

•  Del&of&2p,&3p,&9q,10q,11p,15q&&&17p.&
•  LOH&assoc/w&aggressiveness&&&recurrences&



OncocyDc&Ca&
•  LOH&on&chr&3q,18q,1p,2p,8q,14q&
•  Mut&of&GRIM;19&in&15%&oncocyDc&ca&

•  GRIM;19&encodes&a&protein&linked&to&reDnoid;

interferon;induced& p/way& of& cell& death& &&

involved&in&mitochondrial&met.&



Poorly&diff&&&AnaplasDc&Ca&

•  TP53&
•  CTNNB1&(&Beta&catenin)&
•  RAS&
•  BRAF&
•  PIK3Ca&
PTEN&



Poorly&diff&Ca&&&AnaplasDc&Ca;TP53&&

•  Point&mut&of&TP53&are&late&events&

•  Most& involve& exons& 5;8& of& gene&&& alter& DNA&

binding&properDes&

•  Assoc/w&accelerated&cell&growth&&&progressive&

This is the neck after removal  
of the cancerous lymph nodes 



Medullary&Thyroid&Ca&

•  RET& is& acDvated& by& point& mutaDon& vs& chr& rear& in&
papillary&ca.&&

•  Germline& mutaDons& in& specific& funcDonal& regions& of&
RET&&found&in&almost&all&pts&with&familial&medullary&ca.&&

•  MEN& 2A& && familial& medullary& ca,& mutaDons& are&
typically&located&in&the&extracellular&domain,&within&the&
cysteine;rich&region.[124]&&

•  90%&of&MEN&2A&mutaDons& affect& a& single& codon& 634,&
whereas&in&familial&medullary&ca&&they&are&more&evenly&
distributed&along&the&cysteine&rich&region.[125]&



•  In& MEN& 2B,& the& majority& of& germline&

mutaDons& occur& in& codon& 918& in& the&

intracellular&tyrosine&kinase&domain&of&RET.&
•  This& alter& the& substrate& specificity& of& RET&
kinase,&resulDng&in&phosphorylaDon&of&unusual&

intracellular&proteins.[126]&

This&CT&scan&shows&a&thyroid&cancer&&
tu&in&the&throat,&encircling,narrowing,&

&&&displacing&the&windpipe(trachea)&



•  Sporadic& medullary& ca,& somaDc& mutaDons& of&

the&RET&gene&in&20–80%&of&cases.[127,128]&&
•  Mut& & affect& codon& 918& mostly,& some& have&

heterogeneous& distribuDon& within& the& tu& &&

detected& only& in& a& subset& of& metastaDc&

nodules.[128]&



•  RET& kinase& inhibitors& & ZD6474& and& SU12248&
(suniDnib),&now&in&Phase&II&clinical&trials&in&pts&

with& familial& && sporadic& medullary& thyroid&

cancer.[63,66]&



Summary&

•  FNA& dx& of& thyroid& nodules& can& be& improved& by&

tesDng&for&BRAF,&RET/PTC&and&other&mutaDons.&

•  BRAF,&RET/PTC&and&RAS&mutaDons&correlate&with&

specific&phenotypical&features&of&papillary&ca.&

•  BRAF& is& a& reliable& diagnosDc& marker& for&

malignancy& and& an& independent& prognosDc&

marker& for& tumor& recurrence& and& more&

aggressive&behaviour&of&papillary&carcinomas.&

These are lymph nodes that 
received cancer cells fr the 
primary ca in the thyroid gld 



Summary&

•  PAX8IPPAR( γ& && RAS& mut& correlate& with&

specific&phenotypical&feat&of&follicular&ca.&

•  L im i t aDon s… . . P ap i l l a r y& c a& ( ~ 30% ) ,&

convenDonal&follicular&cas&(~20%)&&&&oncocyDc&

follicular&ca&(>50%)&do&not&harbour&any&of&the&

known&mutaDons.&&

Black discoloration of cancerous 
lymph nodes.Papillary ca is 
sometimes black in color especially 
afer having spread to lymph nodes 





























































































In&the&invesDgaDon&of&hyperthyroidism&

A.  In& Grave’s& disease,& uptake& of& Tc;99m& is& usually&
uniform&

B.  If,&amer&2&years&following&I;131&treatment&for&Grave’s&
disease&the&paDent&is&sDll&euthyroid,&the&incidence&of&
subsequent& development& of& hypothyroidism& is&
negligible&

C.  A&normal&isotope&scan&exclude&Grave’s&disease&

D.  Hypothyroidism& following& I;131& treatment& of& a&
solitary& hyperfuncDoning& nodule& is& more& common&
than&in&Grave’s&disease&

E.  Low&tracer&uptake&into&the&thyroid&gland&may&occur&in&
untreated&hyperthyroidism&



In&the&invesDgaDon&of&hyperthyroidism&

•  TFFFT&


