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Radie-Iodine was first used In the
treatment off metastasized thyreid
carcinema in 194:3.

[tS, SUGCESS In terms, off tUMOoUIF FESPBNSE,
guality, of life improvement and survival
\Wasi considered a mikacle?, as In those
days metastatic cancer Was generally.
fiatall

Ispired By this, many. efferts have Been
made 1o apply radiclsSetepe: therapy: te
ether tumeurs.



Jargeted radionuclide therapy. Invelves; the Use ofi
radielabeled tumel-seeking molecules ter deliver a
CYLOtOXIC dose off radiation| te; tumor: cells.

One of the moest Impoetant difference Between
targeted radionuclide therapy. and external heam
Iradiation IS the! finite range: o IenIZing particles
emitted.



Radienuclides; that: decay by the fellewing three
generall categeries oii decay have been studied for
therapeutic potentiall:

Beta-particle emitters
Alpha-particleremitters
Auger electren



PARTICLE RANGL

CELL CELEL 100 CELL
NUCLEUS DIAMETER DIAMLETERS

1.7 MeV beta
0.15 MeV beta

5.3 MeV alpha

Fig. 1. Typical range or particulate emissions vs cell diameter




Advantages ofi Targeted Radionuclide
Therapy

TUmMGK SPECIHC;, With sparing e healtay
tissue: (lew: texicity).

Norlimit te the albsorbed dose (no limit te
e numeer ofi treatment).

Radiation can e delivered te; suleclinical
imors and netastases; that are teo small te
pe Imaged and thereby: treated by surgical
excision and external beam therapy.
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The European; Asseciation oft Nuclear Medicine
has Issuedl guidelines on so-called ‘established:
therapies (Wwww.eanm.org), I.e.

IHyperthyroidism
TFhyreid carcinemea
Refractony Ssynevitis
BONE MEtastases
MIBG therapy/
SZPITherapy

Lipiodol therapy.



Newer therapies Incluae:

Radio-peptice therapy,
Radie-immuRoetierapy. of lynmphona
Micresphere therapy for lIiver cancer
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Radiopeptide therapy.



Radielabelled
meta-ledehenzylguanidine (MIBG)

A nerepinephrne analoeg anad fialserneurotransmitter
PEpLides Speciiic tor Nermene recepiors

(mainly: the sematestatin: hoermene analegue
ectreotide).

iHIghly sensitiverand Specific ol the detection of
prIMaR

and secondany/ neureendecrine tumeurs.

IFhis has ledlte’ thellf Use: as radietherapeutic agents in
Neureo-endocrine tumours: (NETF).



Neuro-ectodermic NET

As| the sensitivity. of radielakelled MIBG
scanning Is higher than ectreotide: as; a result
eff Nigher elksenved tlmoural uptake in these
Wype eff NeUregenic tumeurs, the radiatien dose
delivered threughy = IEMIBG s alse: higher.

IRIS makes use of radiolabelled octreotide
therapy’ IR neurehlastema and

pheochromocytoma lIess; feasible thamn “>%l-
MIBG therapy.



Gastro-entere-pancreatic (GER) NET:

The neuro-endecrne tumours: ofi endedermic erigin,
also  called gastie-entero-pancreatc twmours, are a
NELErOYENEBUS groups chanacterized by generally good
Pregnosis; but Important disparities of the evoelutionary.
potential;

I thhe aggressive forms;, the therapeutic strategies; are
limited.

IHUnIan sematestatin receptors (RSSIR 1=5), WRICH
mediate the antiproliferative: effects of somatostatin
are present In normal tissues; and: n; several tumours.

The systemic radionuclide therapy using radielanellied
pPeptides; (essentially, somatestatin analegues), Which
can act at the same time on the primary tumour and
itS metastases, constitutes a tempting therapeutic
alternative currently in evoelution.



| pancreatic isiet calia ]
* pheochromocylomas
® Eajot coll amory * neuroblastomas
= ganglioneurol|blastoymas
[ Gl sndocrine cails
& carcinoids l paragangia I
= undifferentialed !
umumcm = paragangiiomas

Dispersed

neuroendocrine
tree endocrine celts cells [ tyodCooms |
with somatostatin 3
e smail cail lung cancer » medullary thyroid
0 mnﬂw and/or receptors carcinomas

Dispersed neuroendocrine cells with somatostatin receptors.
[Derived from Ref. 267.]




Table 2 - Peptides affinities

Peptices S5T1 55T2 55T3 §55T4 55T5
Somatostatin®® g 2 8 6 4
Octrectide »10000 2 200 >1000 20
DTPA-cctrectide »>10000 10 400 »>1000 300
In-DTPA-octreotide >10000 20 200 =1000 250
DOTA-octrectide >10000 15 30  >1000 60
DOTA-lanrectide 200 2 2 2 2
Y-DOTA-lanrectide >10000 20 300 >1000 15
DTPA-Tyr -octreotate »>10000 4 »10000 >1000 =>1000
In-DTPA-Tyr -octreotate >1000 1 >1000 430 >1000
DOTA-Tyr -octrectide »10000 15 900 >1000 400
Y-DOTA-Tyr -octreotide  »10000 10 400 >10000 115
DOTA-Tyr -octreotate =10000 2 >1000 500 600
Lu-DOTA-Tyr -cctreotate 10000 2 >1000 500 200
Ga-DOTA-Tyr -octreotate >10000 0.2 >1000 300 380

Kd in nM; modified from Ref. [13,14]



SUummany. and future perspectives

Fhe field off radienuclide therapy: in NETF 1s
steadily. Increasing.

Radielabelled DOTATOC compares very well te
traditienall therapies.

New! radiopeptides willk prokakly extenad
peyonadl the framework off the Neure-enaocHne
tumoeurs:

The efficacy: ofi this type off treatment may: alse
e fiurther enhanced threugh the use: of
radioSensitizers, the upregulation of receptor
expression onl tumaoeurs, and Increased organ
protection.



Table 3 - The present and the future of peptide receptor-
mediated radionuclide therapy

Somatostatin {(SMS) receptors
Endodermic tumours
Neuro-ectedermic tumours
Other tumours: small-cell lung cancer {SCLC}, medullary thyroid
cancer, breast cancer, renal cancer, thyroid cancer, lymphoma
Brain tumour: medulleblastoma and glicma {topical application)

Choelecystokinin B/Gastrin {CCK-2) receptors
Medullary thyroid cancer, gastrointestinal stromal tumours
{GIST), SCLC, GEP

Gastrin releasing peptide {Bombesin, GRF} receptors
Prostate cancer, breast cancer

Vascactive intestinal peptide {VIP} receptors
GIST, cther stromal tumours

Neurotensin {NT1) receptors
Exocrine pancreatic cancer, meningioma, Ewing sarcoma

Neuropeptide Y {NPY} receptors

Breast cancer {NPY-1), sex cord stromal ovarian tumour and
adrenal tumour
{NPY-1 and NFY-2}

Glucagon-like peptide-1 receptors {GLP-1}
Insulinoma, gastrinoma

Corticotropin-releasing factor {CRF) receptors
Pituitary adrenoma, paraganglioma

a-Melanocyte stimulating hormene {o-MSH) receptors
Melanoma

Substance-P {SP) receptors
Glioma {topical application)

Integrin {«}v{B]3 receptors
Glioma {topical application}







Radienuclide therapy: of
naematelegical malignancies



Radienuclide therapy: for haematolegical
malignancies; gees hack a leng time in
RIStOR.

Treatment of letukaemia by *2Phesphorus
(52P) was the! first therapy: modality: with
radieisetopes; in 1930.

Today 2R’ is still used! for polycythaemia
\/era and essential thromnoecythacmia.



This ‘old” therapy has lately received the
company. oii a new, more: sephisticatead
therapy: by radieIsetope: lakelled
antinedies I.e. radieimmunotherapy. (RIT)
fior varouss haematelogical malignancies.

High-doese RIF of myeleid leukaemia Wiiti
PreEMItting radienuclides Is being
Investigated fer intensiiying anti-
leukaemia therapy: hefere stem cell
transplantation:



RIT 1 B=cell lymphoma

B=cellllymphomas are generally sensitive: to) treatment
Wit chemotherapy and seme are remarkanly: Sensitive
10 radiotherapy.

Chemotherapy, In combination with anti-CD20r antilbedy,
ftuximaln, IS considered by many: a standara treatment

for diffuse large: B-cell lymphema;, as Well as; for fiellicuiai;
lymphomas.

IHeWEVEr, most patients withr disseminated B-cell
lymphoma are not cured.

he need fier Imprevements Inl the treatment of B-cell
lymphoma and the radiesensitivity: of the disease,
provide the rationale fier the' study of systemic
radiotherapy in this disease.



There are new two: approved
radiephanmaceuticals:

zevalinr(IDEC Pharmaceuticals;, San BPiego, CA
anadl Schernng AG,, Berlin)

Bexxar (GlaxerSmithKiine, Philadelphia; PA) for
the treatment oi B-cell lymphema.



Two further radiopharmaceuticals have
Peen evaluatealin clinical trials:

Epratuzumain (Lymphecide, lmmunemedics
Inc., Morrisi Plains;, USA), (an “°Y labelled
AUumanised antibody directed against the B
Inage restricted antigen: Cb22)

Lym-1 (Oncelym, Peregrne Pharmaceuticals
Ine, Tustin, USA), (& murne antitedy directed
against an aberrant HEA-DR10 antigenr Lyim-1)




SUummany. and future perspectives

Iihe success of RIT 1 lymphoema cani be attributed to
the combinaten of:

Radiesensitivity: of the' disease,

Ihe targeting ofi nighly expressed: antigens by signalling
antibedies

By antibedies that mediate: ether therapeutic efifects in
thelr own gL

I the myeloaplative setting, data are even mere
IMpPressing.

The role of RIF 1 ether lymphemas and as a part ofi a
combined treatment remains to be defined.






Loce-regional applications: of
fadieISetepes for lIver tumours



LIVer tumours are an important cause: of
moerkidity and mortality i the world.

Colorectal carcinoma (CRC), the most
Important cause: of liver metastases, IS the
Ssecond most mertal cancer in Eurepe.

iHepatema ISiwoerdwide: the mest Inpoertant
CANCEN.

Secondany livers falltre s a nattiral Course: of
disease. in many. off these: patients.

For both liver metastases and HCEC, surgery.
(resectien, lIver transplantation) 1S, central o)
curative treatments.

However, only 10=25% 0fi Cases, are: operable
andl postoperative recurrences are frequent.



In CRC, severall lines ofi systemic
chemotherapy: are used, moere recently in
conjunctieRI Withrnew: antivedies 1o EGER and
VEGE. With' these moaalities, respense rates
nave increased frem 15% to) uprte 35%.

I HCE there IS ne standard effective systemic
chemotherapy.

EGK these reasons, lece(-regional) therapy.
moedalities; haverincreasingly been empleyed,

altheugh ItS; Use Varies enermoeusly: according
10 avallanle interest and expertise.



Trans-arternal radionuclide therapy:
of the liver

Histerically, radienuclide therapy: fer HEC anaiiver
metastases) dates hack ter the early seventies, When
Phesphoerts (P)-32 labelled with allbumin colleidsiwere

first used.

When injected intera hepatic artery, such particles
preferentially ledge inl the hypenvasculatire ofiliver
tUmoeurs (small arteroles, capiliany sinuseids) and

iInterally irradiate the neighbouhng tunmeur: tissue.

Feday, two ofi these products are: commerncially: availanie,
I.e. resin micrespheres (SIR-spheres, SIRtex) anal glass
spheres (Theraspheres, Nordion)



Lipiedoll s a fiatty acidl ester deryvative of
Ratural; 1edine-rch seed: ol previously.
Used as' CI contrast agent, commercially,
available labelled with ~=-lodine(l)
(Lipiecis;, Schering S.A.).



I 1

s
C—Cr—C—Cr—C 0 OEt

Lipiodol * C;;Hs1,CO0C,Hs;












SUummany. and future perspectives

LipIoEISs IS a unigue: leco-regional treatment: medality.
Especially its adjuvant Use to resection off HCC seems a
particular easy: and effiective modality.

IR palliative HEC therapy it 1s equally: effiective: as TTACE,
BUL at the cest of fiar lewer complicating morhidity and
mortality-

SIRIF IS an adjunct, Aot a replacement for chemoetherapy.
and has the potential for better lecal controliana
Prognesis, without adaitional texicity: (INew: alinea).

I othr treatment modalities, patients nmay. e
downstaged to resection fellowing treatment.



Conclusion

Radienuclide therapy. Is a Unigue treatment
moedality. Iying between chemoetherapy.and
extermaliradiotherapy:

he challenge for the next years Is to select the
MESE promising andl apprepriate: targets fior (pre-
)elinicall use;, While at the'same time: optimally/
Integrate Iits uniguer capanilities mnte; the
Increasing NUMBEr off other anti-cancer
ireatment strategies available.
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