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Peptide therapy: rationale basisPeptide therapy: rationale basis
receptor overreceptor over--expressionexpression

Hofland LJ et al. JCE&M 1999Hofland LJ et al. JCE&M 1999

IHC for sst2 in human gastrinomaIHC for sst2 in human gastrinoma



[[9090YY--DOTADOTA00--TyrTyr33]]--octreotideoctreotide
9090YY--DOTATOCDOTATOC
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Affinity (ICAffinity (IC5050, nM), nM)

sstsst11 sstsst22 sstsst33 sstsst44 sstsst55

>10,000>10,000 1111 ±± 1.71.7 389389 ±± 1313 >10,000>10,000 114114 ±± 2929



[[177177LuLu--DOTADOTA00--TyrTyr33]]--octreotateoctreotate
177177LuLu--DOTATATEDOTATATE
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Affinity (ICAffinity (IC5050, nM), nM)

sstsst11 sstsst22 sstsst33 sstsst44 sstsst55

>10,000>10,000 1.61.6 ±± 0.40.4 >1,000>1,000 523523 ±± 239239 187187 ±± 5050



Radionuclides for therapy (electrons)Radionuclides for therapy (electrons)

177177LuLu

T1/2 6.7 d

E 0.11 (3%) ; 0.21 (7%) MeV

E max 
- 0.50 MeVE max  0.50 MeV

Rmax ~ 1.8 mm

9090YY

T1/2 2.7 d

E -

E max 
- 2.3 MeV

Rmax ~ 11 mm
cross-fire



Receptor radionuclide treatments atReceptor radionuclide treatments at
IEOIEO --MilanoMilano

Patients treated from April 1997 to November 2008:Patients treated from April 1997 to November 2008:

•• 9090YY--octreotides:octreotides:

–– Neuroendocrine tumours: 817 patients (70 in protocols):Neuroendocrine tumours: 817 patients (70 in protocols):
•• 457 with457 with 9090YY--DOTATOC; 360 withDOTATOC; 360 with 9090YY--DOTATATE;DOTATATE;

–– Non neuroendocrine tumours: 295 patientsNon neuroendocrine tumours: 295 patients–– Non neuroendocrine tumours: 295 patientsNon neuroendocrine tumours: 295 patients
•• 140 with140 with 9090YY--DOTATOC; 155 withDOTATOC; 155 with 9090YY--DOTATATE;DOTATATE;

•• 177177LuLu--DOTATATE:DOTATATE:

–– Neuroendocrine tumours : 157 patients (51 in protocol)Neuroendocrine tumours : 157 patients (51 in protocol)

–– Non neuroendocrine tumours : 49 patientsNon neuroendocrine tumours : 49 patients

•• 9090YY--DOTADOTA--lanreotide:lanreotide:

–– Non neuroendocrine tumours : 12 patientsNon neuroendocrine tumours : 12 patients

Total: 1330 patientsTotal: 1330 patientsCONFIDENTIALCONFIDENTIAL



Tumor types treatedTumor types treated

Bodei L et al. Eur J Nucl Med Mol Imaging 2004Bodei L et al. Eur J Nucl Med Mol Imaging 2004



Inclusion Criteria:Inclusion Criteria:
receptor scintigraphyreceptor scintigraphy

Lymph node Mts
from MTC

Lymph node Mts
from GHRH-oma

pancr.

VIPoma
pancreatic

Lymph node Mts
from paraganglioma

Grade 4Grade 4Grade 3Grade 3Grade 2Grade 2Grade 1Grade 1

> liver
>> kidney

/spleen
negative < liver

Anterior Anterior AnteriorPosterior



Axial cCT
(portal phase)

Ant

111In-Octreotide
(OctreoScan®)

68Ga-DOTATOC

Ant MIP

T. P. 54 y

Liver metastases from
well-differentiate neuro-endocrine carcinoma of Ileum

 Surgery on primary

 Cromogranine-A: 100% positive
 NSE: 100% positive
 sst2-receptor: 100% positive
 Ki-67: 5%

68Ga-PET

Ant





IEOIEO ––standard protocolstandard protocol
9090YY--DOTATOCDOTATOC

Clinical andClinical and
morphologicalmorphological

FollowFollow--upup
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66--9 weeks9 weeks

MorphologicalMorphological
evaluationevaluation

++
AAAA**

++
AAAA

++
AAAA

++
AAAA

** Arginine 12.5 g in 500 ml saline before therapyArginine 12.5 g in 500 ml saline before therapy
Arginine 12.5 g in 500 ml saline after therapyArginine 12.5 g in 500 ml saline after therapy
Arginine 12.5 g in 500 ml saline x 2 upto two days after therapyArginine 12.5 g in 500 ml saline x 2 upto two days after therapy



177177LuLu--DOTATATEDOTATATE
therapy scheduletherapy schedule
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morphological

Follow-up
Therapy

Clinical e
morphological+ + + +

6-9 weeks

morphological
evaluation

MCAMCA
(22.2(22.2--29.6 GBq)29.6 GBq)

6-9 weeks

morphological
evaluation

+
AA*

+
AA

+
AA

+
AA

* Arginine 12.5 g in 500 ml saline before therapy
Arginine 12.5 g in 500 ml saline after therapy
Arginine 12.5 g in 500 ml saline b.i.d. up to two days after therapy



Administration SystemAdministration System

I.E.O. infusion system: the radiopharmaceutical is provided in a
vial shielded by a PMMA sleeve (1 cm thick), further surrounded by lead
(1 cm thick). A double catheter system is used, one coming from a saline
bag located on a pole to the 90Y vial, and the one from the 90Y vial to
the patient





PHARMACOKINETICSPHARMACOKINETICS
AND DOSIMETRYAND DOSIMETRY
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177177LuLu--DOTATATE:DOTATATE:

biodistribution and dosimetrybiodistribution and dosimetry
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90Y-DOTATOC and
177Lu-DOTATATE

Kidney Toxicity



Results: renal parametersResults: renal parameters

•• Patients treated withPatients treated with 9090YY--DOTATOC had:DOTATOC had:

–– creatinine clearance loss >10% at 1 year in 14 casescreatinine clearance loss >10% at 1 year in 14 cases

–– creatinine toxicity in 9 casescreatinine toxicity in 9 cases

•• 7 grade 17 grade 1•• 7 grade 17 grade 1

•• 1 grade 21 grade 2

•• 1 grade 31 grade 3

CREATININE TOXICITY vs. DOSE
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Creatinine toxicity vs BED and risk factorsCreatinine toxicity vs BED and risk factors
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Results: renal parametersResults: renal parameters

•• None of the patients treated withNone of the patients treated with 177177LuLu--DOTATATE had anyDOTATATE had any

toxicity for the moment (FuP: 2toxicity for the moment (FuP: 2--11 m)11 m)

Kidney doseKidney dose 0.62 (0.50.62 (0.5--1.7) Gy/GBq1.7) Gy/GBq

Dosimetric results would suggest an acceptable dose forDosimetric results would suggest an acceptable dose for
the kidneys with cumulative IA up to 30 GBqthe kidneys with cumulative IA up to 30 GBq

Kidney doseKidney dose 0.62 (0.50.62 (0.5--1.7) Gy/GBq1.7) Gy/GBq
MedianMedian 15 (1015 (10--39) Gy cumulative39) Gy cumulative



EFFICACYEFFICACY



DOSEDOSE--EFFECT RELATIONSHIPEFFECT RELATIONSHIP

Pauwels S et al. J Nucl Med 2005Pauwels S et al. J Nucl Med 2005



9090YY--DOTATOC: objective responseDOTATOC: objective response
in patients treated within patients treated with >>7.4 GBq7.4 GBq

141 pts141 pts

CRCR
4%4%

PRPR

21%21%

PDPD

19%19%

n.v.n.v.

1%1%
21%21%

SDSD

55%55%

19%19%

DurationDuration
22 -- 59 m59 m (m 18)(m 18)

L. Bodei et al. Eur J Nucl Med Mol Imaging 2004L. Bodei et al. Eur J Nucl Med Mol Imaging 2004



[[9090YY--DOTADOTA00,Tyr,Tyr33]]--octreotide:octreotide:
responseresponse

Bodei L et al. Eur J Nucl Med 2003Bodei L et al. Eur J Nucl Med 2003



Endocrine pancreatic carcinomaEndocrine pancreatic carcinoma

basalbasal afterafter 9090YY--DOTATOCDOTATOC

Paganelli G, Eur J Nucl Med 2001



3 months after PRRT with 4 GBq Y-90 DOTA-TATE

By courtesy of Prof. R. Baum

before PRRT



177177LuLu--DOTATATEDOTATATE
IEO S189/104: a phase IIEO S189/104: a phase I--II studyII study

•• 51 patients (26 m, 25 f,51 patients (26 m, 25 f,
3030--79 y, median 54)79 y, median 54)

•• 38 / 51 (75%) in38 / 51 (75%) in PD atPD at
enrolmentenrolment

bronchial endocrine carcinoma 5

duodenum endocrine carcinoma 3

ileum endocrine carcinoma 19

appendix endocrine carcinoma 1

rectum endocrine carcinoma 1
enrolmentenrolment

•• treated with 3.7treated with 3.7 -- 7.47.4
GBq/cycle, MCA 3.7GBq/cycle, MCA 3.7 -- 28.928.9
GBq in 1GBq in 1--7 cycles7 cycles

•• Treatments completedTreatments completed
Sept. 2008Sept. 2008 --> evaluation> evaluation
ongoingongoing

rectum endocrine carcinoma 1

pancreatic endocrine carcinoma 13

endocrine ca. of unknown origin 5

paraganglioma 3

meningioma 1



Haematological toxicityHaematological toxicity
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Objective responseObjective response
5151 patients (75 % PD)patients (75 % PD)

43 patients (MCA: 22.243 patients (MCA: 22.2 -- 28.9 GBq)28.9 GBq)

•• 6 pts OFF protocol6 pts OFF protocol

for massive progression/other ca.for massive progression/other ca.

•• 8 pts still to be evaluated (last treatment8 pts still to be evaluated (last treatment
few days ago)few days ago)

Duration of responseDuration of response

33--39 months39 months
(median 14)(median 14)

CRCR

4%4% PRPR

16%16%

SDSD

44%44%

PDPD

18%18%

n.a.n.a.

18%18%



PRRT withPRRT with177177LuLu--OctreotateOctreotate
Survival in 51 NET patients (IEO S189/104)Survival in 51 NET patients (IEO S189/104)



Objective response: pt #20Objective response: pt #20

Basal arteriograpy

Basal
177Lu-DOTATATE

Final MRBasal MR

Final
177Lu-DOTATATE



basal MRbasal MR

Favourable factors:Favourable factors:

high uptake, small tumor volumehigh uptake, small tumor volume

basal 177Lu-DOTATATE

Ant Post

final 177Lu-DOTATATE

Ant Post

final MRfinal MR

IEO S189/104IEO S189/104



WHAT NEXT?WHAT NEXT?

UNIFORM STUDIES NEEDEDUNIFORM STUDIES NEEDED

––phase II studies on single classesphase II studies on single classes

of diseasesof diseasesof diseasesof diseases

––comparison studies betweencomparison studies between 9090YY

andand 177177LuLu



FURTHER DEVELOPMENTSFURTHER DEVELOPMENTS

•• GMP CENTRALIZED PRODUCTION ANDGMP CENTRALIZED PRODUCTION AND

DELIVERY OF RADIOPEPTIDESDELIVERY OF RADIOPEPTIDES

–– to overcome the difficulties of legislation into overcome the difficulties of legislation in–– to overcome the difficulties of legislation into overcome the difficulties of legislation in

various countries on experimental studiesvarious countries on experimental studies

–– to pass from experimental to standardizedto pass from experimental to standardized

therapytherapy



ReceptorReceptor
radionuclideradionuclide
therapy in Italytherapy in Italy Cesena

Macerata

S. Giovanni

Rionero
in Vulture

IEO Milano: since 1997IEO Milano: since 1997

Others: since 2002Others: since 2002

Ready to startReady to start

CONFIDENTIALCONFIDENTIAL
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