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MTC: Primary Surgical ManagementMTC: Primary Surgical Management 

““IssuesIssues””

Sporadic vs hereditary MTC

Clinically apparent vs screen detected MTC

Indications and extent of lymph node dissection

Management of parathyroid glands



Clinical MTC: Primary Clinical MTC: Primary SurgicalSurgical TreatmentTreatment

surgery is the only curative treatment 

external-beam radiotherapy and 
chemotherapy are ineffective

recurrence and survival rates depend 
upon the adequacy of initial surgery



Clinical MTC: Primary Clinical MTC: Primary SurgicalSurgical TreatmentTreatment

minimal surgical procedure, regardless of 
form and stage: total thyroidectomy and 
central neck dissection

indication for lateral neck dissection is still 
controversial



SSO guidelinesSSO guidelines (1997),(1997), MayoMayo (Heshmati, 1997), MSKCCMSKCC 
(Shaha, 1998): lateral ND only for N+

NCCN guidelinesNCCN guidelines (2006):(2006): 

ipsilateral ND for sporadic MTC > 1 cm N0

AACE/AAES guidelinesAACE/AAES guidelines (2001),(2001), German guidelinesGerman guidelines (1996), 

IGRIGR (Scollo, 2003), M.D. Anderson M.D. Anderson CCCC (Fleming, 1999): 

ipsilateral ND for unilateral sporadic MTC N0            
bilateral ND for hereditary MTC and for N+

Washington Univ.Washington Univ. (Moley, 1999), HalleHalle UnivUniv.. (Machens, 2002):           

bilateral ND even for unilateral sporadic MTC N0

Clinical MTC: Primary Clinical MTC: Primary SurgicalSurgical TreatmentTreatment 
According toAccording to
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The inferior parathyroid gland 
is sliced into few mm 5 pieces, 
confirmed histologically (so as 
not to autograft a lymph node 

metastasis), and auto- 
transplanted into individual 
pockets in the SCM muscle



MTC: MTC: Management  of Management  of parathyroid glandsparathyroid glands 
in Central Neck Dissectionin Central Neck Dissection

parathyroids glands preserved in situ by means 
of limited central neck dissection (Gagel, 1993)

inferior parathyroidectomy with 
autotransplantation to the SCM muscle (Evans, 2000)

total parathyroidectomy with 
autotransplantation to the SCM muscle (Cohen, 2003)
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Clinical MTC: Primary Clinical MTC: Primary SurgicalSurgical Treatment Treatment 

Reasons for total Reasons for total thyroidectomythyroidectomy

hereditary MTC: multifocal and bilateral

sporadic MTC: bilateral in 20-30% of cases 
(intraglandular lymphatic spread) 

hereditary background unknown at the time 
of primary operation (5% of index cases) or 
not even detected (rare RET mutations) 

radio-iodine treatment not effective



Clinical MTC: Primary Clinical MTC: Primary SurgicalSurgical Treatment Treatment 

Reasons for Reasons for more extensive neck dissectionmore extensive neck dissection

high incidence of lymph node metastasis in the 
central and lateral neck compartments



LocoregionalLocoregional lymphlymph nodenode involvementinvolvement in MTCin MTC

Author Central Ipsilateral Contralateral Mediastinal

Fleming, 1999
40 pz

(80%) (78%) (25%) NA

Moley, 1999
73 pz

(79%) (75%) (47%) NA

Machens, 2002
161 pz

(52%) (43%) (19%) (17%)

Scollo, 2003
101 pz

(48%) (49%) (24%) NA



Clinical MTC: Primary Clinical MTC: Primary SurgicalSurgical Treatment Treatment 

Reasons for Reasons for more extensive neck dissectionmore extensive neck dissection

high incidence of lymph node metastasis in the 
central and lateral neck compartments

high rates of regional recurrence after total 
thyroidectomy 

 
selective lymphadenectomy



CervicalCervical RecurrenceRecurrence of  MTC of  MTC 
requiringrequiring ReoperationReoperation

Author n° Median
follow-up (yr)

n° with Cervical 
Recurrence

Simpson, 1982 16 NA 8 (50%)

Saad, 1984 143 6 39 (27%)

van Heerden, 1990 40 12 26 (65%)

Gharib, 1992 52 24 18 (35%)

Kallinowski, 1992 40 6 26 (65%)

Dralle, 1994 39 5 23 (59%)

Marzano, 1995 25 5 10 (40%)

Fuchshuber, 1998 28 19 6 (21%)

Fleming, 1999 40 3 5 (13%)



Clinical MTC: Primary Clinical MTC: Primary SurgicalSurgical Treatment Treatment 

Reasons for Reasons for more extensive neck dissectionmore extensive neck dissection

high incidence of lymph node metastasis in the 
central and lateral neck compartments

high rates of regional recurrence after total 
thyroidectomy 

 
selective lymphadenectomy

the most frequently involved nodal levels, in 
order, are III, IV, II, VI, VII, V (Ellenhorn, Shah, 1993)



34%34% 78%78%

56%56%

75%75%

0%0%

50%50%

46%46%

MTC: Distribution nodal metastases 
Ellenhorn, Shah et al. Impact of therapeutic regional lymph node  dissection 

for medullary carcinoma of the thyroid gland. Surgery, 1993

level I 0%

level II 56%

level III 78%

level IV 75%

level V 34%

level VI 50%

level VII 46%



Clinical MTC: Primary Clinical MTC: Primary SurgicalSurgical Treatment Treatment 
Reasons for Reasons for more extensive neck dissectionmore extensive neck dissection
high incidence of lymph node metastasis in the 
central and lateral neck compartments

high rates of regional recurrence after total 
thyroidectomy 

 
selective lymphadenectomy

the most frequently involved nodal levels, in 
order, are III, IV, II, VI, VII, V (Ellenhorn, Shah, 1993)

four compartment-oriented lymphadenectomy 
decreases regional recurrence rates (from 59% to 
10%) and improve length of survival (Gimm, 1998)



Four compartmentFour compartment--orientedoriented lymphadenectomylymphadenectomy
(Dralle, 1994)

right cervicocentral

right cervicolateral

left cervicocentral

left cervicolateral

right upper mediastinal left upper mediastinal



Clinical MTC: Primary Clinical MTC: Primary SurgicalSurgical Treatment Treatment 
Upper Upper mediastinalmediastinal dissectiondissection

when central compartment is involved 

generally through a standard cervical incision

through median sternotomy only if mediastinal 
metastases are imaged preoperatively

most surgeons do not perform elective median 
sternotomy for removal of possible occult 
metastasis (Fleming, 1999; Cohen & Moley, 2003; Scollo, 2003)



Total thyroidectomy and central (levels VI and 
VII) and bilateral levels II–V node dissections

innominate and 
right carotid arteries 

SCM muscle

trachea

jugular vein



Trans-sternal mediastinal dissection

anatomical limits

• innominate vessels

• tracheal bifurcation.
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innominate
vessels
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jugular vein



Hereditary Hereditary MTC: Surgical TreatmentMTC: Surgical Treatment

RET gene mutationRET gene mutation, , 
no clinically detected diseaseno clinically detected disease

prophylactic total thyroidectomy
 central neck dissection

timing timing of surgeryof surgery
MEN2A, FMTC: before of 5 or 10 years
MEN2B: before of 6 months or at diagnosis



ProphylacticProphylactic thyroidthyroid management management 
accordingaccording toto RET RET genotypegenotype

based on the 1999 consensus statement from the 7th International Workshop 
on MEN; where no  consensus was reached, recommendations are based on 

recent literature (Machens for EUROMEN Study Group 2003, 2004; Dralle, 1998)

Risk level RET genotype 
(mutation in 
codon)

Thyroidectomy before 
age (years)

Central lymph 
node dissection 
before age (years)

3 Highest 883, 918, 922 0.5 0.5

2 High 630, 634 5 
 

10

2 High 609, 611, 618, 
620

5 
 

20

1 Least hight 768, 790, 791, 
804, 891

5 or 10 
 

20



Timing of Timing of thyroidectomythyroidectomy in RET gene in RET gene carrierscarriers
(University of Halle Algorithm)

(Machens,  2005))



MTC: MTC: Management  of Management  of parathyroid glandsparathyroid glands 
in in MEN 2AMEN 2A

selective removal only of the abnormal 
parathyroid glands (Decker, 1997)

subtotal parathyroidectomy with preservation of 
a well vascularized portion of a single gland in situ 
(Heshmati, 1997)

total parathyroidectomy with immediate 
autotransplantation of a portion of a single gland to 
the nondominant forearm brachioradialis muscle 
(Wells, 1994)



MTC: Reoperations for MTC: Reoperations for   CTCT

CT (basal and stimulated) is a highly sensitive 
marker of persistent or recurrent disease
after primary surgery, more than 50% of 
patients will have persistent elevation of CT levels
when examination of the neck and metastatic 
search are negative, occult cervical disease has 
presumed 
the management of occult metastatic MTC is 
controversial: surgical reoperation or conservative 
observation are the best available options



MTC: Reoperations for 
 

CT
Tisell (1986), Buhr (1993), Moley (1993) and Dralle 
(1994) have recommended aggressive microsurgical 
neck dissection
20-30% of patients may have normal stimulated 
CT levels after such neck reoperative surgery 
microdissection takes longer, the surgical 
technique is more difficult and complications are 
greater than conventional neck dissection
during reoperative surgery, Gimm & Dralle (1997) 
found pulmonary micrometastasis in 28% of 
patients and Moley (1997) liver metastases in 25%



ReoperativeReoperative cervicalcervical surgerysurgery forfor MTCMTC

Author n° Image + Bilateral 
MRND

CT-PG negative 
after Reoperation

Norton, 1980 7 0 0 1/7  (14%)
Tisell, 1986 11 1 10 4/11 (36%)
Van Heerden, 1990 11 11 NA 0/11 (0%)
Frank-Raue, 1992 14 6 NA 3/14 (21%)
Dralle, 1994 55 NA NA 8/55 (15%)
Abdelmoumene, 1994 13 3 2 1/13 (8%)
Buhr, 1995 53 0 24 8/53 (15%)

Gimm & Dralle, 1997 34 27 34 9/34 (26%)
Moley, 1997 45 22 30 17/45 (38%)
Fleming, 1999 29 16 25 4/29 (14%)



Complications after rComplications after reoperationeoperation forfor 
recurrentrecurrent MTCMTC ( 36 ( 36 patientspatients) ) 

(Gimm & Dralle, 1997))

complicationcomplication n° %
permanent unilateral palsy of 
recurrent nerve

3 8,3%

permanent hipoparathyroidism 9 25%
transient Horner’s syndrome 2 5,5%

transient paresis of brachial plexus 1 2,7%



MTC: Reoperations for 
 

CT
most patients with elevated CT levels, 
following TT and ND, survives many years (86% 
10-year survival) without clinical evidence of 
metastatic disease (van Heerden, 1990)

 in patients who have undergone primary 
complete neck dissection, reoperative cervical 
surgery should be considered only if imaging 
studies document recurrent disease 

an elevated CT level alone may be followed 
conservatively if the patient is asymptomatic
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Thyroid NoduleThyroid Nodule

Solitary nodule, 
left lobe of thyroid



MedullaryMedullary Carcinoma of ThyroidCarcinoma of Thyroid

•• Sheets of spindleSheets of spindle-- 
shaped cellsshaped cells

•• AmyloidAmyloid depositiondeposition
•• Most aggressive of Most aggressive of 

the differentiated the differentiated 
thyroid cancersthyroid cancers

•• Neural crest originNeural crest origin
•• No iodine uptakeNo iodine uptake
•• CalcitoninCalcitonin and CEA and CEA 



The TongueThe Tongue



MEN 1 and MEN 2 Are MEN 1 and MEN 2 Are 
Hereditary Cancer SyndromesHereditary Cancer Syndromes

MEN 1MEN 1 MEN 2MEN 2
Anterior pituitaryAnterior pituitary

ParathyroidParathyroid

Pancreatic isletsPancreatic islets
Adrenal cortexAdrenal cortex

Thyroid CThyroid C--cellscells
ParathyroidParathyroid

Adrenal medullaAdrenal medulla

Germline mutations Germline mutations 
in in MEN1MEN1, , chrchr 1111

Germline Germline 
mutations mutations 
in in RETRET, , chrchr 1010



Medullary Thyroid Carcinoma (MTC) Medullary Thyroid Carcinoma (MTC) 
Is the Hallmark of MEN 2Is the Hallmark of MEN 2

All thyroid cancersAll thyroid cancers

MTC ~10%MTC ~10%

Sporadic MTC ~75%Sporadic MTC ~75%
All MTCAll MTC

FMTC FMTC 
~2%~2%

MEN 2B ~2%MEN 2B ~2%
MEN 2A ~20%MEN 2A ~20%



Sporadic vs Hereditary MTCSporadic vs Hereditary MTC

Sporadic MTCSporadic MTC
•• UnifocalUnifocal

•• Later age at onsetLater age at onset

•• CC--cell hyperplasia cell hyperplasia 
rare or absentrare or absent

•• No family historyNo family history

•• No associated No associated 
endocrinopathiesendocrinopathies

Hereditary MTCHereditary MTC
•• MultifocalMultifocal

•• Early age at onsetEarly age at onset

•• CC--cell hyperplasiacell hyperplasia

•• Family history in some Family history in some 
casescases

•• Associated Associated 
endocrinopathies in MEN endocrinopathies in MEN 
2A and 2B2A and 2B



Clinical Presentation of Medullary Clinical Presentation of Medullary 
Thyroid CarcinomaThyroid Carcinoma

TypeType
SporadicSporadic
MEN 2AMEN 2A

MEN 2B MEN 2B 

FMTCFMTC

MTC MTC 
DistributionDistribution

UnilateralUnilateral
BilateralBilateral

Bilateral Bilateral 

BilateralBilateral

Familial Familial 
PatternPattern

NoNo
YesYes

Yes/NoYes/No

YesYes

Associated Associated 
AbnormalitiesAbnormalities

NoneNone
PheochromocytomasPheochromocytomas
HyperparathyroidismHyperparathyroidism
Pheochromocytomas Pheochromocytomas 
Mucosal neuromas Mucosal neuromas 
Ganglioneuromas Ganglioneuromas 
Marfanoid phenotypeMarfanoid phenotype
NoneNone



Genetics of MEN 2 SyndromesGenetics of MEN 2 Syndromes

•• RETRET protoproto--oncogene on chromosome 10oncogene on chromosome 10
•• Autosomal dominant transmissionAutosomal dominant transmission
•• 2121--exon gene codes for membraneexon gene codes for membrane-- 

associated tyrosine kinase receptorassociated tyrosine kinase receptor
•• Mutated Mutated RETRET gene remains activated gene remains activated 

leading to tumorigenesisleading to tumorigenesis



RET in RET in MedullaryMedullary CarcinomaCarcinoma

Ligand 
Coreceptor

PI3K
pathway

ras-raf-MAPK
pathway

Others?

MEN 2a

MEN 2b



Mutations of the Mutations of the RETRET ProtoProto--Oncogene:  Oncogene:  
MEN 2AMEN 2A

ExonExon
1010

1111
1111
1313
1414
1515
1515
1616

CodonCodon
609, 611, 609, 611, 
618, 620618, 620
630,631630,631

634634
768, 790, 791768, 790, 791
804, 806, 844804, 806, 844

883 883 
891891
918918

MEN 2A: MEN 2A: 
codon 634 mutation codon 634 mutation 
accounts for 85%; accounts for 85%; 

most others in exons most others in exons 
10 and 11 with very 10 and 11 with very 

rare mutations rare mutations 
reported elsewhere reported elsewhere 

in gene.in gene.

CysteineCysteine-- 
richrich

Cell membraneCell membrane

Tyrosine Tyrosine 
kinase 1kinase 1

Tyrosine Tyrosine 
kinase 2kinase 2

CadherinCadherin--likelike



Mutations of the Mutations of the RETRET ProtoProto--Oncogene:  Oncogene:  
MEN 2AMEN 2A

ExonExon
1010

1111
1111
1313
1414
1515
1515
1616

CodonCodon
609, 611, 609, 611, 
618, 620618, 620
630,631630,631

634634
768, 790, 791768, 790, 791
804, 806, 844804, 806, 844

883 883 
891891
918918

MEN 2B: MEN 2B: 
codon 918 mutation codon 918 mutation 
accounts for 95%; accounts for 95%; 

codoncodon 883 also 883 also 
implicated in a few implicated in a few 

casescases

CysteineCysteine-- 
richrich

Cell membraneCell membrane

Tyrosine Tyrosine 
kinase 1kinase 1

Tyrosine Tyrosine 
kinase 2kinase 2

CadherinCadherin--likelike



Mutations of the Mutations of the RETRET ProtoProto--Oncogene:  Oncogene:  
MEN 2AMEN 2A

ExonExon
1010

1111
1111
1313
1414
1515
1515
1616

CodonCodon
609, 611, 609, 611, 
618, 620618, 620
630,631630,631

634634
768, 790, 791768, 790, 791
804, 806, 844804, 806, 844

883 883 
891891
918918

FMTC: FMTC: 
codonscodons 768 and 891 768 and 891 

mutations may be mutations may be 
unique to FMTC, unique to FMTC, 
others others –– including including 
634 634 –– overlap with overlap with 

MEN2AMEN2A

CysteineCysteine-- 
richrich

Cell membraneCell membrane

Tyrosine Tyrosine 
kinase 1kinase 1

Tyrosine Tyrosine 
kinase 2kinase 2

CadherinCadherin--likelike



RETRET Mutations in Families With MEN 2Mutations in Families With MEN 2

PhenotypePhenotype
MEN 2AMEN 2A

MTC, MTC, pheopheo, PTH, PTH
MTC, MTC, pheopheo, no PTH, no PTH
MTC, PTH, no MTC, PTH, no pheopheo

MEN 2BMEN 2B
FMTCFMTC
Other MTCOther MTC

% % RETRET mutationmutation
9797
9999
100100
9595
8888
8585
9292

Eng C et al. Eng C et al. JAMAJAMA 276:1575,276:1575, 19961996 N=477N=477



Genetic counselingGenetic counseling

•• 95% MEN2A inherited.  Family should be 95% MEN2A inherited.  Family should be 
evaluated carefullyevaluated carefully

•• Nearly all FMTC inheritedNearly all FMTC inherited
•• >50% MEN2B >50% MEN2B de novode novo mutation, but testing mutation, but testing 

and careful family evaluation warranted.and careful family evaluation warranted.
•• Offspring of gene carrier has 50% risk in all Offspring of gene carrier has 50% risk in all 

types.types.



Who Should be Offered RET Testing?Who Should be Offered RET Testing?

•• Any patient with MTCAny patient with MTC

~20% will be due to germline mutation~20% will be due to germline mutation

Even older patients with no FH have been Even older patients with no FH have been 
reported positivereported positive

•• Predictive testing in relatives of patients with Predictive testing in relatives of patients with 
known known RETRET mutations and/or diagnosis of  mutations and/or diagnosis of  
MEN 2A, MEN 2B, or FMTCMEN 2A, MEN 2B, or FMTC



Benefits and Limitations of Benefits and Limitations of RETRET 
Mutation Testing for MEN 2Mutation Testing for MEN 2

BenefitsBenefits
•• Identifies most Identifies most RETRET mutation carriers, in whom mutation carriers, in whom 

early intervention may be lifesavingearly intervention may be lifesaving

•• Identifies non mutation carriers, who require no Identifies non mutation carriers, who require no 
further evaluationfurther evaluation

LimitationsLimitations
•• No detectable mutations in some familiesNo detectable mutations in some families



Biochemical Screening for MEN 2 Biochemical Screening for MEN 2 
in Affected Individualsin Affected Individuals

MTCMTC
•• PentagastrinPentagastrin-- and calciumand calcium--stimulated stimulated 

calcitonincalcitonin
PheochromocytomaPheochromocytoma
•• Urinary catecholamines and metabolitesUrinary catecholamines and metabolites
•• Abdominal ultrasound or CT scansAbdominal ultrasound or CT scans
HyperparathyroidismHyperparathyroidism
•• Serum calcium and PTHSerum calcium and PTH



RETRET Mutation Testing Is More Mutation Testing Is More 
Accurate Than Calcitonin TestingAccurate Than Calcitonin Testing

Improved sensitivityImproved sensitivity
•• Normal calcitonin levels in 14 unaffected children Normal calcitonin levels in 14 unaffected children 

with with RETRET mutations mutations 
•• 8 of the 14 children (57%) had microscopic MTC 8 of the 14 children (57%) had microscopic MTC 
Improved specificityImproved specificity
•• 68 subjects with no 68 subjects with no RETRET mutations mutations 
•• 6 of the 68 (9%) had elevated calcitonin, leading to  6 of the 68 (9%) had elevated calcitonin, leading to  

prophylactic prophylactic thyroidectomythyroidectomy –– none had MTCnone had MTC

Lips CJ et al. Lips CJ et al. N N EnglEngl J MedJ Med 331:828, 1994331:828, 1994



Prophylactic Thyroidectomy Prophylactic Thyroidectomy 
in in RETRET Mutation CarriersMutation Carriers

•• Lifetime risk of MTC is ~100% in affected Lifetime risk of MTC is ~100% in affected 
patients patients 

•• Prophylactic thyroidectomy is thought to Prophylactic thyroidectomy is thought to 
reduce both morbidity and mortalityreduce both morbidity and mortality

•• Surgery usually uncomplicated and thyroid Surgery usually uncomplicated and thyroid 
replacement hormone readily availablereplacement hormone readily available

•• Parathyroid tissue may be conserved Parathyroid tissue may be conserved in in 
situsitu or resected and autotransplantedor resected and autotransplanted



Management of MEN2Management of MEN2

•• PheoPheo screening: 8% positive at time of MTC screening: 8% positive at time of MTC 
diagnosis.  Adrenalectomy should diagnosis.  Adrenalectomy should preceedpreceed 
thyroidectomy. thyroidectomy. 

•• For patients with negative For patients with negative pheopheo screening, screening, 
annual repeat biochemical screening annual repeat biochemical screening 
advised.  Role of imaging unclear. advised.  Role of imaging unclear. 

•• Consider screening FMTC kindreds for Consider screening FMTC kindreds for pheopheo 
in case they in case they ““convertconvert”” to MEN2Ato MEN2A



Management of MEN2Management of MEN2

•• Screening for parathyroid Screening for parathyroid 
adenoma/hyperplasia: annual biochemical adenoma/hyperplasia: annual biochemical 
screening for all clinical phenotypesscreening for all clinical phenotypes

•• Beware Beware ““eucalcemiceucalcemic hyperparathyroidismhyperparathyroidism””, , 
especially in Vitamin D deficient areas; especially in Vitamin D deficient areas; 
consider measurement of PTH as well as consider measurement of PTH as well as 
CalciumCalcium



Timing controversial (Brandi 2001)Timing controversial (Brandi 2001)
For MEN2BFor MEN2B--type mutations, earliest type mutations, earliest 

possible, even in first month of life.possible, even in first month of life.
For mutations in codons 611, 618, 620, 634 For mutations in codons 611, 618, 620, 634 

thyroidectomythyroidectomy under age 5 yearsunder age 5 years
For others, thyroidectomy ages 5For others, thyroidectomy ages 5--10. 10. 



FollowFollow--up of atup of at--risk individuals in kindreds risk individuals in kindreds 
with negative with negative RET RET screening screening 

•• Prophylactic thyroidectomy not routinely Prophylactic thyroidectomy not routinely 
offered offered –– but could it be justified?but could it be justified?

•• Annual calcitonin stimulation test Annual calcitonin stimulation test 
recommended but note 5% of recommended but note 5% of 
population may manifest Cpopulation may manifest C--cell cell 
hyperplasia of some degree.hyperplasia of some degree.

•• Annual biochemical screening for Annual biochemical screening for pheopheo 
and HPT.and HPT.



FollowFollow--up Strategies in MTCup Strategies in MTC

•• Basal Basal calcitonincalcitonin and CEAand CEA
•• Stimulated Stimulated calcitonincalcitonin
•• Ultrasound scanUltrasound scan
•• CT / MRI / Bone scanCT / MRI / Bone scan
•• OctreotideOctreotide scanscan
•• PET scanPET scan



FollowFollow--up Strategies in MTCup Strategies in MTC

•• Basal Basal calcitonincalcitonin and CEAand CEA
•• Stimulated Stimulated calcitonincalcitonin
•• Ultrasound scanUltrasound scan
•• CT / MRI / Bone scanCT / MRI / Bone scan
•• OctreotideOctreotide scanscan
•• PET scanPET scan

But who needs which tests?



PostPost--operative Surveillance of MTCoperative Surveillance of MTC

•• Basal Basal CalcitoninCalcitonin (CT) and CEA(CT) and CEA
•• Undetectable CT at 3 mo. postUndetectable CT at 3 mo. post--op suggests op suggests ““curecure”” 

in early stage patientsin early stage patients
•• Stimulated CT may be true Stimulated CT may be true ““gold standardgold standard””, not yet , not yet 

recommended routinelyrecommended routinely
•• Repeat CT and CEA after 6 months and then Repeat CT and CEA after 6 months and then 

annuallyannually
•• Anatomic imaging for detectable or rising CTAnatomic imaging for detectable or rising CT
•• High disease stage warrants aggressive evaluationHigh disease stage warrants aggressive evaluation



2002 UICC/AJCC Staging for MTC2002 UICC/AJCC Staging for MTC

Greene et al 2003

I

II

III

IVA

IVC

IVB

T1N0M0

T2N0M0

T3N0M0 / T1-3N1aM0

T4aNxM0 / T1-3N1bM0

T4bNxM0

TxNxM1

All agesStage



AJCC/UICC Tumor ClassificationAJCC/UICC Tumor Classification
Vth Edition VIth Edition

Tx Not evaluated Not evaluated

T1 1cm 2cm

T2 1 - 4 cm 2 - 4 cm

T4 Any invasion Extensive invasion*

T0 No tumor seen No tumor seen

T3 4cm (no invasion) 4cm, or minimal invasion

*T4a = larynx, esoph, trach, RLN; T4b = prevertebral fascia, vessels;
except in ATC, where T4a = intrathyroidal; T4b = any invasion



AJCC/UICC Node ClassificationAJCC/UICC Node Classification

Vth Edition VIth Edition

Nx Not evaluated Not evaluated

N1a Ipsilateral nodes Level VI nodes*

N1b Bilateral, midline,
contralateral or

mediastinal nodes

Levels I-V or VII nodes

N0 No nodes involved

*Includes pretracheal, paratracheal, prelaryngeal and Delphian nodes

No nodes involved



Cervical NodeCervical Node--bearing Regionsbearing Regions

VII



Ultrasound in MTCUltrasound in MTC



AJCC/UICC Metastatic ClassificationAJCC/UICC Metastatic Classification

Vth Edition VIth Edition

Mx Not evaluated

M1 Distant metastases

M0 No distant metastases

Not evaluated

Distant metastases

No distant metastases



MTC Survival by StageMTC Survival by Stage

stage = 1



Anatomic Imaging Anatomic Imaging –– CT ScanCT Scan



Skeletal Metastases in MTCSkeletal Metastases in MTC



OctreotideOctreotide Scanning in MTCScanning in MTC



CalcitoninCalcitonin--positive, PETpositive, PET--positivepositive



MTC Survival as a Function of Rate MTC Survival as a Function of Rate 
of Change of of Change of CalcitoninCalcitonin



MTC Survival by MTC Survival by delta[CEAdelta[CEA]]



ConclusionsConclusions

•• Apparently sporadic MTC may be familial: RET Apparently sporadic MTC may be familial: RET 
screening is appropriate in all casesscreening is appropriate in all cases

•• Screening for Screening for pheopheo, hyperparathyroidism is needed , hyperparathyroidism is needed 
lifelife--long in FMTC, or MEN2 patientslong in FMTC, or MEN2 patients

•• Nodal metastatic spread of MTC occurs early, Nodal metastatic spread of MTC occurs early, 
making biochemical cure difficultmaking biochemical cure difficult

•• Stable or slowly increasing CT may be consistent Stable or slowly increasing CT may be consistent 
with long lifewith long life--expectancy, especially in early stagesexpectancy, especially in early stages

•• Careful anatomic assessment is necessary for Careful anatomic assessment is necessary for 
patients with detectable or rising CT and CEApatients with detectable or rising CT and CEA
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Ospedale MaggioreOspedale Maggiore--BellariaBellaria, Bologna, Bologna

Nadia Nadia CremoniniCremonini

66thth

 
AME AME NationalNational

 
MeetingMeeting

33rdrd

 
JointJoint

 
Meeting Meeting withwith

 
AACEAACE

UpdateUpdate
 

in in ClinicalClinical
 

EndocrinologyEndocrinology
Verona Verona ––

 
OctoberOctober

 
2727--29, 2006 29, 2006 



1959 1959 ––
 

HazardHazard
 

JB JB etet
 

al:al:

MedullaryMedullary
 

((solidsolid) carcinoma of the ) carcinoma of the thyroidthyroid
 

––
 

a a clinicopathologicalclinicopathological
 entityentity. . JCEM, 19:152JCEM, 19:152

2006: 2006: 
SurgicalSurgical

 
removalremoval

 
of  of  allall

 
neoplastic neoplastic tissuetissue

in the in the neckneck
 

isis
 

the the onlyonly
 

potentiallypotentially
 

curativecurative
treatment in treatment in localizedlocalized

 
medullarymedullary

 
thyroidthyroid

carcinomacarcinoma

MedicalMedical
 

treatment of treatment of advancedadvanced
 

medullarymedullary
thyroidthyroid

 
carcinoma carcinoma representsrepresents

 
anan

 
importantimportant

challengechallenge



WhichWhich
 

MedicalMedical
 

TherapyTherapy
 forfor

 
AdvancedAdvanced

 
MedullaryMedullary

 
ThyroidThyroid

 
Carcinoma?Carcinoma?

AdvancedAdvanced
MTCMTC

SomatostatinSomatostatin
analogsanalogs

ChemotherapyChemotherapy Gene Gene therapytherapy



MedullaryMedullary
 

ThyroidThyroid
 

Carcinoma: Carcinoma: ChemotherapyChemotherapy

LimitedLimited
 

efficacyefficacy
StudiesStudies

 
usingusing

 
CHT: CHT: usuallyusually

 
smallsmall, , singlesingle--institutioninstitution

 
studiesstudies

FrequentlyFrequently
 

the the studiesstudies
 

report report resultsresults
 

aboutabout
 

PatientsPatients
 

withwith
 

MTC MTC 
togethertogether

 
withwith

 
resultsresults

 
aboutabout

 
PatientsPatients

 
withwith

 
otherother

 
thyroidthyroid

 
cancerscancers

 
or or 

neuroendocrine neuroendocrine tumorstumors
hard hard toto

 
assessassess

 
resultsresults

 
specificallyspecifically

 
forfor

 
MTCMTC

ResponseResponse
 

criteriacriteria
 

toto
 

the treatment in the  the treatment in the  differentdifferent
 

reportsreports:  :  notnot
 homogeneoushomogeneous

NotNot
 

performedperformed
 

largelarge
 

randomizedrandomized
 

trialstrials

BUTBUT……
CHEMOTHERAPY IS NOT A PARTICULARLY ATTRACTIVE CHEMOTHERAPY IS NOT A PARTICULARLY ATTRACTIVE 

OPTION  FOR  PATIENTS  WITH  METASTATIC   MTCOPTION  FOR  PATIENTS  WITH  METASTATIC   MTC



Antiproliferative Antiproliferative AgentsAgents
 

in in 
MetastaticMetastatic

 
MedullaryMedullary

 
ThyroidThyroid

 
CarcinomaCarcinoma

No. No. PatientsPatients

 

Complete        Complete        PartialPartial

 

ProgressionProgression

 

No No ChangeChange
responseresponse

 

responseresponse

 

of of diseasedisease

DOXORUBICINDOXORUBICIN

 

41          1  (2.4 %)     12  (29 %)      21  (51%)        7  (41          1  (2.4 %)     12  (29 %)      21  (51%)        7  (17%)17%)
Burgess & Hill (1978)Burgess & Hill (1978)
HusainHusain

 

etet

 

al (1978)al (1978)
LeightLeight

 

etet

 

al (1980)al (1980)
HaradaHarada

 

etet

 

al (1981)al (1981)
Simpson Simpson etet

 

al (1982)al (1982)
DrozDroz

 

etet

 

al (1884)al (1884)
ShimaokaShimaoka

 

etet

 

al (1985)al (1985)

DOXORUBICIN + CISPLATINUM      DOXORUBICIN + CISPLATINUM      45         1  (2.2 %)     10  (22.2 %)    14  (31%)       14  (345         1  (2.2 %)     10  (22.2 %)    14  (31%)       14  (31%)1%)
DrozDroz

 

etet

 

al (1984)al (1984)
ShimakoaShimakoa

 

etet

 

al (1985)al (1985)
SridharSridhar

 

etet

 

al (1985)al (1985)
Williams Williams etet

 

al (1986)al (1986)
De De BesiBesi

 

etet

 

al (1991)al (1991)

 

(+ (+ BleomicinBleomicin))
ScherublScherubl

 

etet

 

al (1990) al (1990) (+ (+ VindesineVindesine))

DACARBAZINE + 5DACARBAZINE + 5--FUFU

 

36         1  (2,7 %)       9  (25%)        11  (30.5)      15 (36         1  (2,7 %)       9  (25%)        11  (30.5)      15 (41.6%)41.6%)
PeturssonPetursson

 

(1988)(1988)
WuWu

 

etet

 

al (1994)al (1994)

 

(+ (+ VinristineVinristine))
SchlumbergerSchlumberger

 

etet

 

al (1995)al (1995)
BayettaBayetta

 

etet

 

al (1998)al (1998)

 

(+ (+ EpirubicineEpirubicine))

Orlandi Orlandi etet

 

al (2001)al (2001)

DOXORUBICIN + STREPTOZOCIN   DOXORUBICIN + STREPTOZOCIN   20          /                   3  (15%)         7  (35%)       20          /                   3  (15%)         7  (35%)       10  (50%)10  (50%)
/5/5--FU + DACARBAZINEFU + DACARBAZINE

NoceraNocera

 

etet

 

al (2000)al (2000)

 

((modifiedmodified fromfrom Orlandi F Orlandi F etet al, al, EndocrineEndocrine--RelatedRelated CancerCancer 2001;8:135)2001;8:135)



A A PhasePhase
 

I Trial I Trial CombiningCombining
 

HighHigh--dosedose
 

9090YY--hMNhMN--14 14 antianti--CEACEA
 Antibody Antibody withwith

 
DoxorubicinDoxorubicin

 
and and PeripheralPeripheral

 
BloodBlood

 
StemStem

 
CellCell

 Rescue in Rescue in AdvancedAdvanced
 

MedullaryMedullary
 

ThyroidThyroid
 

CancerCancer

14 14 PatientsPatients, 4 F  10 M, 4 F  10 M
AgeAge:           16 :           16 ––

 
75 75 yryr

1st d: PBSC 1st d: PBSC harvestharvest
GG--CSF/CSF/leukapheresisleukapheresis

after 6after 6--8 d: 8 d: 111111InIn--hMNhMN--14 14 ScanScan
after 6after 6--8 d: 8 d: 9090YY--hMNhMN--1414

740740--1850 1850 MBqMBq/m/m22

after 1 d: DOXORUBICINafter 1 d: DOXORUBICIN
60 mg/m60 mg/m22

after 7after 7--12 d: PBSC 12 d: PBSC reinfusionreinfusion
+ G+ G--CSFCSF

ANTITUMOR RESPONSEANTITUMOR RESPONSE
FollowFollow--up CT up CT scansscans

DiseaseDisease
 

ProgressionProgression::
7 7 PatientsPatients

StableStable
 

diseasedisease
 

(and (and stablestable
 

tumortumor
markersmarkers):           4 ):           4 PatientsPatients

(follow(follow--up: 3, 3.5, 5.6 e 8.5 up: 3, 3.5, 5.6 e 8.5 monthsmonths))
Minor Minor ResponseResponse::

2 2 PatientsPatients
1 1 PatientPatient

 
after after initialinitial

 
responseresponse

 
showedshowed

severe severe diseasedisease
 

progressionprogression:    :    
hehe

 
dieddied

 
8 mo after treatment 8 mo after treatment 

((SharkleySharkley RM RM etet al, J al, J NuclNucl MedMed 2005;46:620)2005;46:620)
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A A PhasePhase

 
I Trial I Trial CombiningCombining

 
HighHigh--dosedose

 9090YY--hMNhMN--14 14 antianti--CEACEA

 
Antibody Antibody withwith

 DoxorubicinDoxorubicin

 
and and PeripheralPeripheral

 
BloodBlood

 
StemStem

 CellCell

 
Rescue in Rescue in AdvancedAdvanced

 
MedullaryMedullary

 ThyroidThyroid

 
CancerCancer

((SharkleySharkley RM RM etet al, J al, J NuclNucl MedMed 2005;46:620)2005;46:620)

BaselineBaseline
 

3 mo after 3 mo after therapytherapy

““……EvidenceEvidence
 

of of antitumorantitumor
 

responseresponse
 

in in thesethese
patientspatients

 
withwith

 
advancedadvanced

 
cancercancer

 
waswas

 
modestmodest, , 

butbut
 

encouragingencouraging
 

; ; thisthis
 

typetype
 

of treatment of treatment maymay
bebe

 
more more successfulsuccessful

 
ifif

 
appliedapplied

 
toto

 
more more limitedlimited,,

earlierearlier--stagestage
 

diseasedisease. . ””

41 41 --yy--oldold
 

manman



Treatment of Treatment of AdvancedAdvanced
 

MedullaryMedullary
 

ThyroidThyroid
 

CancerCancer
 

withwith
 ChemotherapyChemotherapy: : WhenWhen??

IndolentIndolent
 

clinicalclinical
 

coursecourse
 

ofof
medullarymedullary

 
thyroidthyroid

 
carcinomacarcinoma

ChemotherapyChemotherapy
 

shouldshould
 

bebe
 

usedused
in a in a minorityminority

 
of of patientspatients

 
withwith

rapidlyrapidly
 

progressive, progressive, measurablemeasurable,,
metastaticmetastatic

 
diseasedisease

High High survivalsurvival
 

ratesrates
 

in in manymany
patientspatients

 
despitedespite

 
the the presencepresence

of of distantdistant
 

metastasesmetastases

CHT in CHT in patientspatients
 

withwith
metastaticmetastatic

 
MTC:MTC:

no no consistentconsistent
 

benefitbenefit

SurvivalSurvival
 

rate:rate:
notnot

 
modifiedmodified

byby
 

chemotherapychemotherapy



SomatostatinSomatostatin
 

ReceptorReceptor
 

TypesTypes
 in in MedullaryMedullary

 
Carcinoma of the Carcinoma of the ThyroidThyroid

SST1:SST1:
27/51 MTC 27/51 MTC specimensspecimens

53%  53%  
7 7 focalfocal

20 diffuse20 diffuse

((PapottiPapotti M M etet al, al, ClinClin EndocrinolEndocrinol 2001;54:641)2001;54:641)

SST2:SST2:
22/51 MTC 22/51 MTC specimensspecimens

43%  43%  
11 11 focalfocal
11 diffuse11 diffuse

SST3:SST3:
24/51 MTC 24/51 MTC specimensspecimens

47%  47%  
7 7 focalfocal
17 diffuse17 diffuse

SST5:SST5:
29/51 MTC 29/51 MTC specimensspecimens

57%  57%  
10 10 focalfocal
19 diffuse19 diffuse

•• 65% of the 65% of the tumourstumours

 
express > 1 express > 1 sstsst

 
subtypesubtype

•• SST4 SST4 virtuallyvirtually

 
undetectableundetectable

 
(2/51, 4%)(2/51, 4%)



SomatostatinSomatostatin
 

AnalogsAnalogs
 

in the Treatment of MTC in the Treatment of MTC 

AuthorAuthor

 
and and yearyear

 
NumberNumber

 
OctreotideOctreotide

 
DurationDuration

 
ChangesChanges

 
ChangesChanges

 
inin

patientspatients

 
((g/g/diedie))

 
((monthsmonths)            CT )            CT levelslevels

 
measurmeasur. . lesionslesions

Modigliani (1989)Modigliani (1989)
 

1818
 

300300--15001500
 

11--2            2            DecrDecr
 

11,  11,  IncrIncr
 

7         7         DecrDecr

 
55

Giuliana     (1989)Giuliana     (1989)
 

1818
 

300300--15001500
 

11--22
 

DecrDecr
 

10,  10,  IncrIncr
 

8           NS8           NS
Mahler       (1990)Mahler       (1990)

 
3           6003           600--20002000

 
33--17             17             DecrDecr

 
& & IncrIncr

 
NSNS

FugazzolaFugazzola
 

(1991)         5           150(1991)         5           150--900                    0.5900                    0.5--77
 
DecrDecr

 
1, 1, IncrIncr

 
2           2           IncrIncr

 
22

Modigliani (1992)        14               500                   Modigliani (1992)        14               500                   3               3               DecrDecr
 

4, 4, IncrIncr
 

7   NC2, 7   NC2, DecrDecr

 
11,,IncrIncr

 
66

KvolsKvols
 

(1992)(1992)
 

3              1500  3              1500  11--8              No 8              No changechange
 
IncrIncr

 
33

FrankFrank--RaueRaue
 

(1993)(1993)
 

7           3007           300--600600
 

33--9                  9                  DecrDecr
 

2                2                DecrDecr

 
11

RongaRonga
 

(1995)(1995)
 

55
 

300300--600600
 

33--9                  9                  DecrDecr
 

DecrDecr

 
55

Di Bartolomeo (1996) 12         1500Di Bartolomeo (1996) 12         1500--3000                      5                 3000                      5                 DecrDecr
 

& & IncrIncr
 

NC 4, NC 4, IncrIncr
 

88
LupoliLupoli

 
(1996)        6           150(1996)        6           150--300 (+INF)          12                    300 (+INF)          12                    DecDec

 
r6             No r6             No changechange

DiezDiez
 

(2002)        5         1(300) (2002)        5         1(300) ––
 

4 4 LRTlar*LRTlar*
 

3        3        DecrDecr
 

1,  NC 2, 1,  NC 2, IncrIncr
 

2   NC 2, 2   NC 2, IncrIncr
 

33

ReductionReduction
 

of of CalcitoninCalcitonin
 

levelslevels
 

belowbelow
 

50 % of 50 % of baselinebaseline
 

valuesvalues
 

 reportedreported
 

in in isolatedisolated
 

patientspatients
An An initialinitial

 
decreasedecrease

 
in CT in CT levelslevels

 
isis

 
followedfollowed

 
byby

 
a a subsequentsubsequent

 
riserise

CEA CEA concentrationconcentration
 

are are unmodifiedunmodified
IsolatedIsolated

 
reportsreports

 
aboutabout

 
modestmodest

 
reductionreduction

 
of volume in of volume in cervicalcervical

 
nodesnodes

 
or or liverliver

 
metastasesmetastases

* * LanreotideLanreotide

 

30 mg/1430 mg/14--28 28 daysdays,  ,  DecrDecr: : decreasedecrease, , IncrIncr: : increaseincrease, NS: , NS: notnot

 

studiedstudied, NC: no , NC: no changechange



Slow Slow ReleaseRelease
 

LanreotideLanreotide
 

in in CombinationCombination
 

withwith
 

InterferonInterferon--
 αα2b in the Treatment of 2b in the Treatment of SymptomaticSymptomatic

 
AdvancedAdvanced

 MedullaryMedullary
 

ThyroidThyroid
 

CarcinomaCarcinoma

7 7 PatientsPatients, 3 M, 4 F (29, 3 M, 4 F (29--57 57 yryr))
LanreotideLanreotide

 
: 30 mg/14 d (6 mo): 30 mg/14 d (6 mo)

thenthen: 30 mg/10 d (6 mo): 30 mg/10 d (6 mo)
1 1 monthmonth

 
after:  + INFafter:  + INF--2b 5000000 UI 2b 5000000 UI 

3/week3/week

ClinicalClinical
 

benefit:  benefit:  5/7 5/7 PtPt
DiseaseDisease

 
stabilizationstabilization:       3/7 :       3/7 PtPt

Minor Minor tumortumor
 

regressionregression: 2/7 : 2/7 PtPt
Progressive Progressive diseasedisease:         2/7 :         2/7 PtPt

(Vitale G (Vitale G etet al, JCEM 2000,85:983)al, JCEM 2000,85:983)
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Positive impact on  Positive impact on  
QualityQuality

 
of  Lifeof  Life

((functionalfunctional

 
, , psycologicalpsycological,,

social)social)

SimptomsSimptoms

 
hormonehormone--relatedrelated

((diarrheadiarrhea, , flushingflushing)) CalcitoninCalcitonin

 
levelslevels

DiseaseDisease
RegressionRegression

ClinicalClinical

 
conditionsconditions

improvementimprovement

SurvivalSurvival

 
raterate

improvementimprovement

SOMATOSTATINSOMATOSTATIN
ANALOGSANALOGS ////

////

MedullaryMedullary
 

ThyroidThyroid
 

Carcinoma:Carcinoma:
 TherapyTherapy

 
withwith

 
SomatostatinSomatostatin

 
AnalogsAnalogs



WhichWhich
 

MedicalMedical
 

TherapyTherapy
 forfor

 
AdvancedAdvanced

 
MedullaryMedullary

 
ThyroidThyroid

 
Carcinoma?Carcinoma?

CORRECTIVE Gene CORRECTIVE Gene TherapyTherapy: : 
toto

 
restorerestore

 
the the normalnormal

 
functionfunction

 
of a of a 

deleteddeleted
 

or or mutatedmutated
 

gene, or negategene, or negate
the the effecteffect

 
of a of a tumortumor--promotingpromoting

gene (oncogene)(gene (oncogene)(dndn--RETRET))

Gene Gene TherapyTherapy

IMMUNOMODULATORYIMMUNOMODULATORY
Gene Gene TherapyTherapy: : 

toto
 

induce gene induce gene expressionexpression
 

thatthat
inhancesinhances

 
immune immune responsesresponses

againstagainst
 

tumortumor
 

tissuestissues
(IL 2, IL 12)(IL 2, IL 12)

CYTOREDUCTIVE orCYTOREDUCTIVE or
SUICIDE Gene SUICIDE Gene TherapyTherapy: : 

toto
 

deliverdeliver
 

anan
 

exogenousexogenous
 

gene gene thatthat
causescauses

 
cellcell

 
deathdeath

 
or or allowsallows

 
thethe

applicationapplication
 

of of cytotoxiccytotoxic
 

agentsagents
((HSVHSV--tktk))

IMMUNOMODULATORYIMMUNOMODULATORY

combinedcombined withwith

SUICIDE Gene SUICIDE Gene TherapyTherapy



ActiveActive
 

immunotherapyimmunotherapy
 

usingusing
 

autologousautologous
 

dendriticdendritic
 

cellscells
 

((DCsDCs))
pulsedpulsed

 
withwith

 
tumortumor

 
antigens antigens toto

 
generate a  generate a  cytotoxiccytotoxic

 
immune immune 

responseresponse
 

directeddirected
 

againstagainst
 

the the cancercancer
 

cellscells

TREATMENT PLANTREATMENT PLAN
DCsDCs

 

pulsedpulsed

 

withwith

 

CT and CEA (1CT and CEA (1--5 x 105 x 1066

 

cellscells, in 100 , in 100 l 0.9% l 0.9% NaClNaCl), ), 
werewere

 

administeredadministered

 

byby

 

intracutaneousintracutaneous

 

injectionsinjections

 

in upper in upper armarm,,
first  4 first  4 cyclescycles//weeklyweekly, , thenthen

 

at at intervalsintervals

 

of  4of  4--8 8 wkwk

PatientsPatients’’

 
characteristicscharacteristics

 
beforebefore

 
and after DC and after DC vaccinationvaccination

 
therapytherapy

PtPt
 

MCT         MCT         MetastasesMetastases
 

No. of No. of vaccvacc.   Follow.   Follow--upup
 

CTCT--CEACEA
 
US/CTUS/CT

1  53 f    Sp.               1  53 f    Sp.               liverliver
 

1414
 

16 16 momo

 

mixedmixed
 

responseresponse
 

stablestable
 

diseasedisease
2  62 m  Sp.             2  62 m  Sp.             notnot

 
detectabledetectable

 
1414

 
13                     13                     stablestable

 
notnot

 
detectabledetectable

3  37 m  MEN2   3  37 m  MEN2   livliv. . lunglung
 

skinskin
 

bonebone
 

12            13          12            13          part. part. decreasedecrease
 

part. part. remissionremission

4  32 f    Sp. 4  32 f    Sp. notnot
 

detectabledetectable
 

10              9 10              9 stablestable
 

notnot
 

detectabledetectable
5  58 f   MEN2          5  58 f   MEN2          liverliver

 
11              9 11              9 stablestable

 
stablestable

 
diseasedisease

6  31 m  MEN2 6  31 m  MEN2 notnot
 

detectabledetectable
 

11              9            11              9            increaseincrease
 

notnot
 

detectabledetectable
7  38 f    Sp.               7  38 f    Sp.               liverliver

 
7              9                    7              9                    increaseincrease

 
progressive progressive diseasedisease

((SchottSchott M M etet al, J al, J ClinClin EndocrinolEndocrinol MetabMetab 2001;86:4965)2001;86:4965)

ImmunotherapyImmunotherapy
 

forfor
 

MedullaryMedullary
 

ThyroidThyroid
 

CarcinomaCarcinoma
byby

 
DendriticDendritic

 
CellCell

 
VaccinationVaccination: : ClinicalClinical

 
TrialTrial



((SchottSchott M M etet al, J al, J ClinClin EndocrinolEndocrinol MetabMetab 2001;86:4965)2001;86:4965)

PtPt

 

3, 37 y, M3, 37 y, M

beforebefore
DC DC therapytherapy

13 13 monthsmonths
afterafter

initiationinitiation

 

ofof
DC DC therapytherapy

ImmunotherapyImmunotherapy
 

forfor
 

MedullaryMedullary
 

ThyroidThyroid
 

CarcinomaCarcinoma
byby

 
DendriticDendritic

 
CellCell

 
VaccinationVaccination



DendriticDendritic
 

CellCell
 

VaccinationVaccination
in in AdvancedAdvanced

 
MedullaryMedullary

 
TyroidTyroid

 
CarcinomaCarcinoma

((StiftStift A A etet al, al, ClinClin CancerCancer Res 2004;10:2944)Res 2004;10:2944)

TREATMENT PLANTREATMENT PLAN
10 10 PatientsPatients

 

((ageage

 

2626--70 y), 70 y), withwith

 

metastaticmetastatic

 

MTC (MTC (sporadicsporadic))
AutologousAutologous

 

tumortumor

 

lysatelysate--pulsedpulsed

 

DCsDCs

 

((DCsDCs

 

culturedcultured

 

in in presencepresence

 

of of GMCGMC--stimulatingstimulating

 

factorfactor, IL4, , IL4, TNFTNF--αα, , ±±INFINFγγ))
DCsDCs

 

injectedinjected

 

intointo

 

a a groingroin

 

lymphlymph

 

nodenode

 

under US under US guidanceguidance. No side . No side effectseffects

PatientsPatients

 
characteristicscharacteristics, , therapytherapy

 
and and responseresponse

PtPt
 

AgeAge/Sex    /Sex    SitesSites
 

of of diseasedisease
 

No. No. vaccvacc.         .         OutcomeOutcome/mo./mo.
 

SurvivalSurvival/mo.       Follow/mo.       Follow--upup

1   31 m      1   31 m      liverliver, , LNsLNs
 

(C,M)(C,M)
 

30        30        MR/30         2+32*     MR/30         2+32*     deceaseddeceased
2   69 m      2   69 m      liverliver, , lunglung, , bnebne

 
5           5           PD            3+4              PD            3+4              deceaseddeceased

3   57 m      3   57 m      lunglung, , LNsLNs
 

(C,M)         10           (C,M)         10           PD          72+9              PD          72+9              deceaseddeceased
4   61 m      4   61 m      lunglung, , bonebone, , LNsLNs(C,M) 20        (C,M) 20        SD/24       16+29            SD/24       16+29            deceaseddeceased
5   26 f        5   26 f        LNsLNs

 
(C)                      11        (C)                      11        PR/29         2+29           PR/29         2+29           alivealive

6   39 m      6   39 m      liverliver, spleen, , spleen, LNsLNs
 

(M) 10        (M) 10        PR/30     140+30            PR/30     140+30            alivealive
7   68 m      7   68 m      liverliver, , lunglung, , LNsLNs

 
(M)      3           (M)      3           PD           9+3             PD           9+3             deceaseddeceased

8   48 m      8   48 m      LNsLNs
 

(M)                     10         (M)                     10         SD/15     268+15           SD/15     268+15           alivealive
9   59 m      9   59 m      LNsLNs

 
(C,M)                  10        (C,M)                  10        PR/12       64+12            PR/12       64+12            alivealive

10  70 m      10  70 m      LNsLNs
 

(C,T)                    6          (C,T)                    6          PD           1+6           PD           1+6           deceaseddeceased
* * MonthsMonths

 

after after diagnosisdiagnosis

 

untiluntil

 

therapytherapy

 

+ + monthsmonths

 

after after therapytherapy,,
LN: LN: LymphLymph

 

nodenode; C: ; C: cervicalcervical; M: ; M: mediastinalmediastinal; T: ; T: trachealtracheal; ; 
MR: minor MR: minor responseresponse; PD: progressive ; PD: progressive diseasedisease; SD: ; SD: stablestable

 

diseasedisease; PR: ; PR: partialpartial

 

responseresponse



((StiftStift A A etet al, al, ClinClin CancerCancer Res 2004;10:2944)Res 2004;10:2944)

PtPt
 

5, 26 y, F5, 26 y, F

DendriticDendritic
 

CellCell
 

VaccinationVaccination
in in AdvancedAdvanced

 
MedullaryMedullary

 
TyroidTyroid

 
CarcinomaCarcinoma

9 9 monthsmonths
 

afterafter

BeforeBefore
 

therapytherapy

6 6 monthsmonths
 

afterafter

3 3 monthsmonths
 

afterafter



InhibitionInhibition
 

of of OncogenicOncogenic
 

RET RET FunctionFunction

GFLGFL LigandLigand
BindingBinding

(1)(1)

GFRGFRαα
RETRET

DimerizationDimerization
(2)(2)

AutophosphorylationAutophosphorylation
(3)(3)

LipidLipid

 

raftraft

BiosynthesisBiosynthesis
(7)(7)

RET RET synthesissynthesis

InternalizationInternalization//
NuclearNuclear

 

translocationtranslocation
(6)(6)

PP

((modifiedmodified fromfrom de de GrootGroot JWB JWB etet al, Endocrine al, Endocrine ReviewsReviews 2006;27:535)2006;27:535)

nucleusnucleus
DNA DNA synthesissynthesis

RET RET MutationsMutations
MEN2 MEN2 syndromessyndromes: : 

germlinegermline
 

mutationsmutations
 

resultingresulting
 

inin
activationactivation

 
of the RET of the RET receptorreceptor

tyrosinetyrosine
 

kinasekinase
SporadicSporadic

 
MTC:MTC:

RET RET somaticsomatic
 

mutationsmutations

InhibitionInhibition
 

of of 
OncogenicOncogenic

 
RET RET FunctionFunction::

 
ATTRACTIVE TARGETATTRACTIVE TARGET

 FOR GENE THERAPYFOR GENE THERAPY
 OF  MTCOF  MTC

StrategiesStrategies
 

toto
 

inhibitinhibit
 

RETRET

AdaptorAdaptor

 

proteinsproteins

 

(4)(4)

IntracellularIntracellular
signallingsignalling

(5)(5)



(modified from (modified from DrostenDrosten M and M and PPüützertzer BM Nat BM Nat ClinClin PractPract OncolOncol 2006; 3: 564)2006; 3: 564)

Inhibitors of RETInhibitors of RET
InhibitorInhibitor ClassClass MolecularMolecular

 targettarget
Trial Trial 
PhasePhase

ReferenceReference

TruncatedTruncated
 

RET RET 
moleculemolecule

 
(D(D--N)N)

PeptidePeptide RET RET autophoautopho--
 sphorylationsphorylation

PreclinicalPreclinical DrostenDrosten

 

etet

 

al(2004)al(2004)

SolubleSoluble
 

RET RET 
ectodomainectodomain

PeptidePeptide RET RET homodimehomodime--
 rizationrization

PreclinicalPreclinical Cerchia Cerchia etet

 

al (2003)al (2003)

AptamerAptamer RNARNA RET RET homodimehomodime--
 rizationrization

PreclinicalPreclinical Cerchia Cerchia etet

 

al (2004)al (2004)

RP1 RP1 (2(2--indolinone)indolinone) KinaseKinase
 

inhinh.. TK TK activityactivity PreclinicalPreclinical CucurruCucurru

 

etet

 

al (2004)al (2004)

PP1, PP2 PP1, PP2 
((pyrazolopyrimidinepyrazolopyrimidine))

KinaseKinase
 

inhinh.. TK TK activityactivity PreclinicalPreclinical CarlomagnoCarlomagno

 

etet

 

al al 
(2002), (2003)(2002), (2003)

ZD6474ZD6474 KinaseKinase
 

inhinh.. TK TK activityactivity IIII Wells Wells etet

 

al (2005)al (2005)

CEPCEP--701, CEP701, CEP--751 751 
((indocarbazoleindocarbazole

 

comp.)comp.)
KinaseKinase

 
inhinh.. TK TK activityactivity PreclinicalPreclinical StrockStrock

 

etet

 

al (2003), al (2003), 
(2006)(2006)

ImatinibImatinib
 

mesylatemesylate KinaseKinase
 

inhinh.. TK TK activityactivity PreclinicalPreclinical Cohen Cohen etet

 

al (2002) al (2002) 
EzzatEzzat

 

etet

 

al (2005)al (2005)

SorafenibSorafenib
(BAY 43(BAY 43--9006)9006)

KinaseKinase
 

inhinh.. SerineSerine//threoninethreonine
 and TK and TK activityactivity

PeclinicalPeclinical
 and Cl and Cl PhIPhI

CarlomagnoCarlomagno

 

etet

 

al al 
(2006)(2006)
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(modified from (modified from DrostenDrosten M and M and PPüützertzer BM Nat BM Nat ClinClin PractPract OncolOncol 2006; 3: 564)2006; 3: 564)

Selected Therapy for Treatment Selected Therapy for Treatment 
of of MedullaryMedullary

 
Thyroid Carcinoma in Clinical TrialsThyroid Carcinoma in Clinical Trials

DrugDrug Trial Trial 
phasephase

Class Class MechanismMechanism

 
of actionof action

1717--allylaminoallylamino--
 

dede--
 methoxygeldamycinmethoxygeldamycin

IIII HSP90 HSP90 inhibitorinhibitor BlocksBlocks

 

HSP90 chaperon, HSP90 chaperon, implicatedimplicated

 

in in 
foldingfolding

 

of of oncogeniconcogenic

 

patwayspatways

 componentscomponents

 

((indirectindirect

 

effecteffect

 

on RET)on RET)

AMG706AMG706 IIII KinaseKinase
 

inhibitorinhibitor InhibitsInhibits

 

multiple multiple receptorreceptor

 

TKTK

GefitinibGefitinib IIII KinaseKinase
 

inhibitorinhibitor InhibitorInhibitor

 

of EGFR of EGFR tyrosinetyrosine

 

kinasekinase

AGAG--013736013736 IIII KinaseKinase
 

inhibitorinhibitor BlocksBlocks

 

angiogenesisangiogenesis

 

byby

 

inhibitinginhibiting

 VEGFR and PDGFRVEGFR and PDGFR

ZD6474ZD6474 IIII KinaseKinase
 

inhibitorinhibitor InhibitsInhibits

 

VEGFR, EGFR and RET TKVEGFR, EGFR and RET TK

IrinotecanIrinotecan IIII ChemotherChemother. . agentagent InhibitsInhibits

 

topoisomerasetopoisomerase

 

I and I and preventsprevents

 repairrepair

 

of DNA of DNA strandstrand

 

breaksbreaks

BevacizumabBevacizumab
 

and and 
SorafenibSorafenib

II HumanizedHumanized
 

AbAb; ; 
KinaseKinase

 
inhibitorinhibitor

BevacizumabBevacizumab

 

blocksblocks

 

angiogenesisangiogenesis
BAY43BAY43--9006 9006 blocksblocks

 

RAF family RAF family 
kinaseskinases

 

downstream of RETdownstream of RET

NGRNGR--TNFTNF II Peptide Peptide fusedfused
 

toto
 

TNFTNF InhibitsInhibits

 

angiogenesisangiogenesis

 

byby

 

targetingtargeting

 TNF TNF toto

 

bloodblood

 

vesselsvessels



AMG 706 is AMG 706 is a potent, oral, multia potent, oral, multi--kinasekinase
 

inhibitor inhibitor 
AntiAnti--cancer activity is achieved by selectively targeting all known cancer activity is achieved by selectively targeting all known 
VEGF, PDGF receptors, Kit and Ret.  VEGF, PDGF receptors, Kit and Ret.  Both antiBoth anti--angiogenicangiogenic

 
and and 

direct antitumor activity have been seen in preclinical studies.direct antitumor activity have been seen in preclinical studies.
AMG 706 is being developed as a cancer therapeutic for:AMG 706 is being developed as a cancer therapeutic for:

MonotherapyMonotherapy
 

in 2in 2ndnd

 
line GISTline GIST

MonotherapyMonotherapy
 

in thyroid cancerin thyroid cancer
In combination with chemo and/or In combination with chemo and/or panitumumabpanitumumab

 
(ABX(ABX--

 EGF) for CRC, NSCLC, H&N Ca, pancreatic Ca, Breast Ca EGF) for CRC, NSCLC, H&N Ca, pancreatic Ca, Breast Ca 
and other malignanciesand other malignancies

Development Status:Development Status:
Phase 1a study has completed enrollment and Phase 1a study has completed enrollment and 
Multiple Phase 1b trials are open for accrual Multiple Phase 1b trials are open for accrual 
Phase 2 trial:  Phase 2 trial:  GleevecGleevec--resistant GIST; finished enrollment resistant GIST; finished enrollment 
in July in July ‘‘0505

AMG 706AMG 706



Study Design and Treatment SchemaStudy Design and Treatment Schema

SS
CC
RR
EE
EE
NN
II
NN
GG

MTC:MTC:
MedullaryMedullary

 
Thyroid Thyroid 

Cancer (n=80)Cancer (n=80)

AMG 706AMG 706
125 mg125 mg

for 48 weeksfor 48 weeks

(week 1 to the (week 1 to the 
end of week 48)end of week 48)
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TT
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FF
OO
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OO
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--
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PP

**egeg, follicular, papillary and , follicular, papillary and HHüürthlerthle

 

CellCell

DTC:DTC:
*Differentiated Thyroid *Differentiated Thyroid 

Cancer (n=80)Cancer (n=80)



Milano Milano Prof. Prof. LicitraLicitra
Pisa Pisa Prof. Prof. PincheraPinchera
Siena Siena Prof. Prof. PaciniPacini
Firenze Firenze Prof. BrandiProf. Brandi
Torino Torino Prof. Prof. OrlandiOrlandi
Roma Roma Prof. Prof. FilettiFiletti

AMG 706 AMG 706 ClinicalClinical
 

TrialTrial



RET RET ““signalingsignaling””
 

inhibitorinhibitor
 

ZD6474 ZD6474 (4(4--anilinoquinazoline)anilinoquinazoline)

SelectiveSelective
 

inhibitorinhibitor
 

of   RET,  VEGFof   RET,  VEGF--
 receptorreceptor

 
and and EGFREGFR--receptorreceptor

 
KinasesKinases

ItIt
 

blocksblocks
 

VEGFVEGF--stimulatedstimulated
 

endothelialendothelial
 cellcell

 
migrationmigration

 
and and proliferationproliferation

ItIt
 

isis
 

currentlycurrently
 

beingbeing
 

usedused
 

in  in  clinicalclinical
 trialstrials

 
againstagainst

 
nonnon--smallsmall

 
cellcell

 
lunglung

 
cancercancer

 and and breastbreast
 

cancercancer
(Putzer BM & (Putzer BM & DrostenDrosten

 

M, M, TrendsTrends

 

MolMol

 

MedMed

 

2004)2004)

AntiangiogeneticAntiangiogenetic
 

effectseffects
Low Low toxicitytoxicity
PossibilityPossibility

 
of of oraloral

 
administrationadministration

OncogenicOncogenic
 

pointpoint
 

mutationmutation
 

in codon in codon 
804 (V804L, V804M) 804 (V804L, V804M) isis

 
associatedassociated

 
withwith

 resistanceresistance
 

toto
 

RET RET antagonistantagonist
((CarlomagnoCarlomagno

 

F F etet

 

al, Oncogene 2004)al, Oncogene 2004)

((modifiedmodified fromfrom KnowlesKnowles PP PP etet al, J al, J BiolBiol ChemChem 2006)2006)

ZD6474ZD6474

Leu 730(A)Leu 730(A)

GlyGly

 

810(A)810(A)

Val 738(A)Val 738(A)

SchematicSchematic
 

diagramdiagram
 

of ZD6474 of ZD6474 contactscontacts
 

withwith
 

RETRET

LysLys

 

758(A)758(A)

Leu 881(A)Leu 881(A)

Val 804(A)Val 804(A)

Ala 756(A)Ala 756(A)



ZD6474 ZD6474 SuppressesSuppresses
 

OncogenicOncogenic
 

RET RET IsoformsIsoforms
 

in a in a DrosophilaDrosophila
 

Model Model forfor
 TypeType

 
2 Multiple Endocrine Neoplasia 2 Multiple Endocrine Neoplasia SyndromeSyndrome

 and and PapillaryPapillary
 

ThyroidThyroid
 

CarcinomaCarcinoma

VidalVidal
 

M, Wells S, Ryan A, and M, Wells S, Ryan A, and CaganCagan
 

R. R. CancerCancer
 

Res ,Res ,
 

May 2005May 2005; ; 65: 353865: 3538

The The UseUse
 

of ZACTIMA (ZD6474) in the Treatment of of ZACTIMA (ZD6474) in the Treatment of PatientsPatients
 

withwith
 HereditaryHereditary

 
MedullaryMedullary

 
ThyroidThyroid

 
CarcinomaCarcinoma

Wells S, Wells S, YouYou
 

Y, Y, LakhaniLakhani
 

V, V, BauerBauer
 

M, M, LangmuirLangmuir
 

P, P, HeadleyHeadley
 

D, D, SkinnerSkinner
 

MA, Morse M, MA, Morse M, BurchBurch
 

WW

ProcProc
 

of AACRof AACR--NCINCI--EORTC International EORTC International ConferenceConference
 

on on MolecularMolecular
 

TargetsTargets
 

and and CancerCancer
 

TherapeuticsTherapeutics
Philadelphia,Philadelphia,

 
Novembre 16, 2005Novembre 16, 2005

 
((AbstractAbstract

 
B248)B248)



PhasePhase
 

II II studystudy
AimAim: : toto

 
evaluateevaluate

 
the the antianti--tumortumor

 efficacyefficacy
 

and and safetysafety
 

of ZD6474 inof ZD6474 in
11 11 PatientsPatients

 
withwith

advancedadvanced
 

hereditaryhereditary
 

MTCMTC
ZD6474: 300 mg once ZD6474: 300 mg once dailydaily

 
oraloral

 forfor
 

at at leastleast
 

3 3 monthsmonths

The The UseUse
 

of ZACTIMA (ZD6474) in the Treatment of of ZACTIMA (ZD6474) in the Treatment of 
PatientsPatients

 
withwith

 
HereditaryHereditary

 
MedullaryMedullary

 
ThyroidThyroid

 
CarcinomaCarcinoma

(Wells S (Wells S etet

 

al,  al,  ProcProc

 

of   AACRof   AACR--NCINCI--EORTC EORTC 
International International ConferenceConference

 

on on MolecularMolecular

 

TargetsTargets

 

and and 
CancerCancer

 

TherapeuticsTherapeutics

 

Philadelphia, Philadelphia, 2005) 2005) 

TumorTumor
 

responseresponse::
2 2 PtPt. . withwith

 
PartialPartial

 
ResponseResponse

((shrankshrank
 

30% or more)30% or more)
9 9 PtPt. . withwith

 
StableStable

 
DiseaseDisease

((madianmadian
 

17 17 weeksweeks, , rangerange
 

1212--31)31)
BiomarkersBiomarkers

 
responseresponse::

averageaverage
 

decreasedecrease
CalcitoninCalcitonin:  72 %:  72 %
CarcinoembryonicCarcinoembryonic

 
antigenantigen:  25 %:  25 %

RESULTSRESULTS
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““TheseThese
 

data are data are veryvery
 

encouragingencouraging
 

forfor
 

patientspatients
 

withwith
 

thisthis
 

rare rare formform
 

of of 
thyroidthyroid

 
cancercancer.   .   NeitherNeither

 
standard standard chemotherapeuticchemotherapeutic

 
regimensregimens,  ,  nornor

 radiationradiation
 

therapytherapy,  ,  provideprovide
 

substantialsubstantial
 

benefitsbenefits
 

toto
 

thesethese
 

patientspatients.     .     
In In thisthis

 
smallsmall

 
ongoingongoing

 
studystudy,  ZD6474  ,  ZD6474  hashas

 
shownshown

 
promisingpromising

 
resultsresults

 in in patientspatients
 

withwith
 

thisthis
 

diseasedisease..””
 

(Wells S. 2005)(Wells S. 2005)
 

WeWe
 

are are finallyfinally
 

seeingseeing
 

the emerge of new the emerge of new approachesapproaches
 

forfor
 

developmentdevelopment
 of of therapiestherapies

 
forfor

 
medullarymedullary

 
thyroidthyroid

 
carcinoma.carcinoma.

 
ThereThere

 
isis

 
reasonreason

 
forfor

 
light  light  optimismoptimism

 
thatthat

 
wewe

 
maymay

 
soonsoon

 
havehave

 
new new 

therapeutictherapeutic
 

optionsoptions
 

forfor
 

ourour
 

patientspatients
 

withwith
 

advancedadvanced
 

medullarymedullary
 

thyroidthyroid
 carcinoma.carcinoma.

ConcludingConcluding
 

RemarksRemarks
 

and Future and Future HopeHope
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Advanced 
medullary

 
thyroid carcinoma: 

radio-receptor treatment. 

Massimo E. Dottorini
Direttore S.C. Medicina Nucleare 1
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Perugia
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• 131I-mIBG
• anti-carcinoembryonic-antigen

 
radioimmunotherapy

• radioreceptor
 

treatment:
• somatostatine

 
analogues

 
(90Y-DOTATOC)

• CCK2/gastrin-R
•

 
131I after human

 
sodium

 
iodide

 
symporter

 
(hNIS) 

gene transfer

Nuclear
 

medicine treatments
 

of MTC
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Somatostatin analogs: DOTATOC

OCTREOTIDE

[DOTA0-Tyr3]

90Y
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DTPA-octreotide
 

DTPAOC
DTPA-[Tyr3]-octreotate

 
DTPATATE

DOTA-octreotide
 

DOTAOC
DOTA-[Tyr3]-octreotide

 
DOTATOC

DOTA-vapreotide
 

DOTAVAP
DOTA-lanreotide

 
DOTALAN

DOTA-[Tyr3]-octreotate
 

DOTATATE
DOTA-1-Nal3octreotide

 
DOTANOC

Somatostatin Analogs

peptide-chelator
 

conjugates
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Somatostatin analogs
Radionuclides

68Ga (generator)

64Cu

111In

86Y (dosimetry)

γ-emitters
 (diagnosis

 
-

 
SPET)

99mTc

β-emitters
 (therapy)

positron-emitters
 (diagnosis

 
-

 
PET)

18F

177Lu

90Y
66Ga

177Lu

111In

Auger
 

electrons
 emitters

 
(therapy)
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Affinity profiles for human somatostatin receptor subtypes SST1-SST5 of 
somatostatin radiotracers selected for scintigraphic and radiotherapeutic use. 
Reubi JC, Schär JC, Waser B et al. Eur J Nucl Med. 2000 Mar;27(3):273-82. 

Peptides hsst
 

1 hsst2 hsst3 hsst4 hsst5
SS-28 5.2 2.7 7.7 5.6 4.0
Octreotide >10000 2.0 187 >1000 22
CH288 23 >10000 >1000 >10000 >1000
In-DTPAOC >10000 22 182 >1000 237
Y-DOTATOC >10000 11 389 >10000 114
Ga-DOTATOC >10000 2.5 613 >1000 73
Y-DOTATATE >10000 1.6 >1000 523 187
Ga-DOTATATE >10000 0.2 >1000 300 377
Y-DOTAOC >10000 20 27 >10000 57
Y-DOTALAN >10000 23 290 >10000 16
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DOTANOC, a high-affinity ligand of somatostatin receptor subtypes 2,3 and 5 
for labelling with various radiometals. 
Wild D, Schmitt JS, Ginj M et al. Eur J Nucl Med Mol Imaging 2003;30:1338-47. 

Peptides hsst
 

1 hsst2 hsst3 hsst4 hsst5
SS-28 3.8 2.5 5.7 4.2 3.7
Y-DOTATOC >10000 11.4 389 >10000 204
Y-DOTAOC >10000 20 27 >1000 58
Y-DOTALAN >10000 22.8 290 >1000 16.3
In-DOTANOC >10000 2.9 8 227 11.2
Y-DOTANOC >1000 3.3 26 >1000 10.4
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In
 

vivo somatostatin
 

receptor
 

imaging in medullary
 

thyroid
 

carcinoma.
 Kwekkeboom

 
DJ

 
et

 
al. J Clin

 
Endocrinol

 
Metab.

 
1993 Jun;76(6):1413-7.

binding
 

of [125I-Tyr3]octreotide

111In-octreotide
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Immunohistochemical
 

detection of somatostatin
 

receptor
 

types
 

1-5 in 
medullary

 
carcinoma of the thyroid.

 Papotti
 

M et
 

al.
 

Clin
 

Endocrinol
 

(Oxf).
 

2001 May;54(5).

IMMUNOHISTOCHEMISTRY IN 51 
MEDULLARY CARCINOMA OF THE THYROID (MCT) 

57%4%47%43%59%

sst5sst4sst3sst2sst1

51%: one or two sst
 

subtypes
33%:  three or more sst

 
subtypes 



Massimo E. Dottorini 
Direttore S.C. Medicina Nucleare 1
Ospedale “Santa Maria della Misericordia” Perugia

Use
 

of somatostatin
 

analogue
 

scintigraphy
 

in the localization
 

of recurrent
 medullary

 
thyroid

 
carcinoma.

Berna L et
 

al.
 

Eur J Nucl
 

Med.
 

1998 Nov;25(11) 

20 MTC pts. 
calcitonin

 
(mean: 11 071 ng/l, range 51.2–93 450)

↓
11/20 positive (conventional

 
imaging 11/20 positive)

↓
7/11: histology

 
(6 confirmed

 
1 false positive) 

•
 

low-moderate
 

sensitivity
 

of 111In-octreotide 
scintigraphy

 
for

 
the detection of MTC recurrence

• low relative somatostatin
 

receptor
 

density in MTC
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• 131I-mIBG
• anti-carcinoembryonic-antigen

 
radioimmunotherapy

• radioreceptor
 

treatment:
• somatostatine analogues

 
(90Y-DOTATOC)

• CCK
•

 
131I after human

 
sodium

 
iodide

 
symporter

 
(hNIS) 

gene transfer

Nuclear
 

medicine treatments
 

of MTC
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Radiopeptide
 

transmitted
 

internal
 

irradiation
 

of non-iodophil
 

thyroid
 

cancer
 and conventionally

 
untreatable

 
medullary

 
thyroid

 
cancer

 
using

 
[90Y]-

 DOTA-D

 

-Phe1-Tyr3-octreotide: a pilot study. 
Waldherr

 
C et

 
al. Nucl

 
Med

 
Commun. 2001 Jun;22(6):673-8. 

12 MTC pts
 

(PD) treated
 

with
 

90Y-DOTATOC (02-98/09-02)
Cumulative activity

 
1.7-14 GBq

 
in 1-4 cycles

Infusion
 

of positively
 

charged
 

amino acids
 

for
 

renal
 

protection

Objective
 response

CR -

PR -

SD 41.7 %

PD 58.3 %
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The chosen
 

approach
 

in thyroid
 

cancer
does

 
not

 
seem

 
to

 
be

 
suitable

for
 

obtaining
 

a significant
 

tumour
 

response.

Radiopeptide
 

transmitted
 

internal
 

irradiation
 

of non-iodophil
 

thyroid
 

cancer
 and conventionally

 
untreatable

 
medullary

 
thyroid

 
cancer

 
using

 
[90Y]-

 DOTA-D

 

-Phe1-Tyr3-octreotide: a pilot study. 
Waldherr

 
C et

 
al. Nucl

 
Med

 
Commun. 2001 Jun;22(6):673-8. 
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Receptor
 

radionuclide therapy
 

with
 

90Y-DOTATOC in patients
 

with
 medullary

 
thyroid

 
carcinomas. 

Bodei
 

L et
 

al. Cancer
 

Biother
 

Radiopharm. 2004 Feb;19(1):65-71.

21 MTC pts
 

(PD) treated
 

with
 

90Y-DOTATOC (02-98/09-02)
Cumulative activity: 7.5-19.2 GBq

 
in 2-8 cycles

Infusion
 

of positively
 

charged
 

amino acids
 

for
 

renal
 

protection

Objective
 response
Biochemical

 response
CR 2 (9.5 %) 1 (4.8 %)

PR - 5 (23.8 %)

SD 12 (57.1 %) 3 (14.3 %)

PD 7 (33.4 %) 12 (57.1 %)
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• CCK and bombesin
 

receptors
 

are extensively
 

expressed
 

in MTC 
•

 
Lutetium-177 and alfa-emitters

 
could

 
be

 
more effective

 
in small

 
sized

 lesions
•

 

90Y-DOTATOC therapy
 

could
 

be
 

more useful
 

in the early
 

phases
 

of the 
disease

Receptor
 

radionuclide therapy
 

with
 

90Y-DOTATOC in patients
 

with
 medullary

 
thyroid

 
carcinomas. 

Bodei
 

L et
 

al. Cancer
 

Biother
 

Radiopharm. 2004 Feb;19(1):65-71.

• MTC less
 

radiosensitive
• sst2

 

receptor
 

expression
 

in MTC is
 

generally
 

not
 

very
 

high
•

 
maximum

 
cumulative activity

 
may

 
not

 
be

 
sufficient

 
to

 
deliver

 
a 

curative absorbed
 

dose to
 

the tumor
•

 
sst2

 

receptor
 

may
 

not
 

be
 

the optimal
 

target to
 

deliver
 

radiation
 doses

 
to

 
the tumor
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Bodei
 

L et
 

al. Personal communication
 

2006

64 MTC pts
 

treated
 

with
 

90Y-DOTATOC
Cumulative activity: 0.8-22.3 GBq

 
in 1-16 cycles

All
 

3 CR were
 

stage III

Objective
 response

CR 5 %

PR 3 %

SD 36 %

PD 56 %
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• 131I-mIBG
• anti-carcinoembryonic-antigen

 
radioimmunotherapy

• radioreceptor
 

treatment:
• somatostatine analogues

 
(90Y-DOTATOC)

• CCK2/gastrin-R
•

 
131I after human

 
sodium

 
iodide

 
symporter

 
(hNIS) 

gene transfer

Nuclear
 

medicine treatments
 

of MTC
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•
 

high incidence
 

(90%) and high-density
 

expression
 

of CCK-2/gastrin
 receptors

 
in human

 
medullary

 
thyroid

 
cancer

 
(MTC)

•
 

independence
 

of CCK-2/gastrin-R
 

status on the degree
 

of tumor
 differentiation

 
in human

 
MTCs

Radioreceptors
 

treatment of MTC

Cholecystokinin(CCK)-A and CCK-B/gastrin
 

receptors in human tumors.
 Reubi

 
JC et al. Cancer Res.

 
1997 Apr 1;57(7):1377-86.
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Targeting
 

of cholecystokinin-B/gastrin
 

receptors
 

in vivo: preclinical
 

and 
initial

 
clinical

 
evaluation

 
of the diagnostic

 
and therapeutic

 
potential

 
of 

radiolabeled
 

gastrin.
 

Behr
 

TM et
 

al. Eur J Nucl
 

Med.
 

1998;25:424–430.

131I-labeled gastrin-I
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Preclinical
 

and Initial
 

Clinical
 

Evaluation
 

of 111In-Labeled Nonsulfated
 

CCK8

 
Analog: A Peptide for

 
CCK-B Receptor-Targeted

 
Scintigraphy

 
and 

Radionuclide Therapy.
 

de Jong
 

M et
 

al. M J Nucl
 

Med
 

1999; 40:2081–7
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•
 

receptor-specific, time-
 

and temperature-dependent
 internalization

 
of [111In-

 
DOTA0

 

]CCK8
•

 
tumor-to

 
background ratio for

 
[111In-DOTA0]CCK8 already

 
was

 significantly
 

higher
 

than
 

that
 

for
 

125I-CCK10 at 4 h after injection,
• a tumor-to-blood

 
ratio of 16 was

 
reached

 
24 h after injection,

• low kidney
 

uptake

Preclinical
 

and Initial
 

Clinical
 

Evaluation
 

of 111In-Labeled Nonsulfated
 

CCK8

 
Analog: A Peptide for

 
CCK-B Receptor-Targeted

 
Scintigraphy

 
and 

Radionuclide Therapy.
 

de Jong
 

M et
 

al. M J Nucl
 

Med
 

1999; 40:2081–7
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CCK-2/Gastrin
 

Receptor–Targeted
 

Tumor
 

Imaging with
 

99mTc-Labeled 
Minigastrin

 
Analogs.

 
Nock

 
BA J Nucl

 
Med

 
2005; 46:1727–1736

… exciting
 

possibility
 

to
 eventually

 
develop

 
the 

respective
 

188Re-based 
therapeutic

 
agents
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• not yet ready for clinical practice 

•
 

an interesting model for nuclear medicine treatments 
of solid tumors

• an exciting possibility for the future

Radio-receptor treatment
in advanced

 
medullary

 
thyroid carcinoma
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• 131I-mIBG
• anti-carcinoembryonic-antigen

 
radioimmunotherapy

• radioreceptor
 

treatment:
• somatostatine analogues

 
(90Y-DOTATOC)

• CCK2/gastrin-R
•

 
131I after human

 
sodium

 
iodide

 
symporter

 
(hNIS) 

gene transfer

Nuclear
 

medicine treatments
 

of MTC
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•
 

pretargeted
 

radioimmunotherapy
 

(pRAIT) with
 bispecific

 
monoclonal

 
antibody (BsMAb) and a iodine-

 131 (131I) -labeled
 

bivalent
 

hapten
•

 
retrospective

 
comparison

 
of survival

 
of 34 patients

 treated
 

with
 

pRAIT
 

with
 

39 patients
 

not
 

treated
• median

 
follow-up 121 months

 
(34-354)

Survival
 

improvement
 

in patients
 

with
 

medullary
 

thyroid
 

carcinoma who
 undergo

 
pretargeted

 
anti-carcinoembryonic-antigen

 
radioimmunotherapy: a 

collaborative study
 

with
 

the French
 

Endocrine Tumor
 

Group.
 Chatal

 
JF

 
al. J Clin

 
Oncol. 2006 Apr

 
10;24(11):1705-11. 
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•
 

10-year overall
 

survival
 

of patients
 

with
 

Ct
 

DT < 2 yrs: 
treated

 
110 not

 
treated

 
61 (p <0.03)

•
 

47% of high-risk
 

patients
 

biologic
 

responders.            
10-year OS: 89% (responders) vs 15% (nonresponders) 
vs 24% (untreated) 
•

 
high-grade

 
hematologic

 
toxicity

 
in 9/34 pts

 
(frequent

 bone/bone
 

marrow
 

uptake)  

Survival
 

improvement
 

in patients
 

with
 

medullary
 

thyroid
 

carcinoma who
 undergo

 
pretargeted

 
anti-carcinoembryonic-antigen

 
radioimmunotherapy: a 

collaborative study
 

with
 

the French
 

Endocrine Tumor
 

Group.
 Chatal

 
JF

 
al. J Clin

 
Oncol. 2006 Apr

 
10;24(11):1705-11. 
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