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L'approccio Teranostico al carcinoma della prostata
con 68Ga e 177Lu-Antigene prostata-specifico
della membrana (PSMA)

STTUT@®
ROS/\%EEIQFC')%z f H Id I siamanies
bR L%EISTTH/P/{@RF o Stefano Severi IRCCS IRST Meldola e AR oM



@WNL 3d
VdNdD V13 @IdNLS O] ¥3d

VNOVYIWOY-YITING m.
TIVNOIDIY OIHVLINYS OIZIAM3S ..

[ RSNY "N UAS pUE B[N\ UISIN[-SUB]] “%@W_VM_\/\/\UWON_
‘[ IRJUIAN WOPIOD) ‘. T[0AIPUY B[ ‘. Yoeqlo§ ydojsuay) ‘.. . ineq urmeluog @<

ddd-vdNA-VdLd-., V-XHD ‘puesry
VIANSd P3[[3qeT-LL[-WNNIINT puUk -)6-WNLI) { ‘-g9-wnijjes)
Y} JO UONIBZLIIRIRY ) 0414 U] pUk SUI[[AqRIOIPRY ‘SISAYIUAS

211
seonnooruLIeyd [ewnofwos tdpur Mmm HNAIDULIDY J 1Y SISU] ADNII]OIN
LYT8+TrT NSSI [ UYO[ “UBW[OYDT *) WRI[[IA
%NNQ.U-NN‘NQ.UNQE&N‘ QQ \ 'd UIADY] “IJI[[IH "N Umeys

SSHODV NAdO

LTS0S0LUL/06EE OTIOP “6TS-LTS L ‘FTOT SPIUN2IDULIDY ]
UV QUBIQUIDJA]

WIOMIIGBH 2M(] - YIIqed "A\ Uyor
« SN[ uddanp - eydoy] snepy - [BAOL UYOL - YIYISEPRH SLI0Y - JIMJA] 1[CAN HE&&
- SQQM)S *g SOWE[ « JOULIY WO], » YPIUOI)-IRYS]Y I[V « UUBWTYIIZ “[A] UBDSLIY))

Aderay) 13dued deyso.ad .1oJ

VINSd sunasie) (S601-dTIA) dnddjour [jews pajaqe|-|

1e1/Tpzy € UM S)Msad Adesay) jsaiy pue A1)awisop uoneIpey

HIODLLEV TVNIDIIO

A-€1LT-F10-65T00S/L001°01 104
TOCTI-08TI 1Y ($107) Surdewy [0 PAIN [O0N [ InF



Transmembrane enzyme

H
HO.C N._COH

Oﬁ/NH o =\j OH H ;
COH N N.__CO,H
2 NTY ‘j/\ﬂ 5
NAAG (NAA) HZN,L\N i ) =\

Folate (Folic Acid) COH

FPOaq0
0

o

S o

; S = e
-‘.‘\vh‘\_y\”j
D) H

§
. 'Ill‘ hw
¥ 'AI‘l"l'_A'Q‘-

Signaling??

SCIENTFC®
ROMAGNOL@
PER LO STUDI@® E LA CURA
DEI TUM@RI

":E SERVIZIO SANITARIO REGIONALE
27 EMILIA-ROMAGNA




PSMA: Prostate Specific Membrane Antigen

Enzima overespresso in quasi tutti i tumori prostatici,
E’ una glicoproteina che rappresenta un target ottimale per un

— anticorpo monoclonale (Prostascint e J591)
d @
Active centre
" CARBOSSIPEPTIDASI Il (GCPII)
. GCPII € una glicoproteina di membrana con attivita zinco-
proteasi che catalizza la reazione di idrolisi del glutammato dal
AL (o e e e e NAAG (N-acetil-aspartil-glutammato)
b : " Cellmembrane
OOOOOIOO0OO0OCO0OCOC00
Intracellular [ 8
a — 7E11 antibodies
Nature Reviews | Urology - i
Lisina- urea- glutammato o
Inibitore a base ureidica di GCPII OH
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ORIGINAL RESEARCH

PSMA and ADT

Open Access

Alterations in androgen deprivation ®eren
enhanced prostate-specific membrane
antigen (PSMA) expression in prostate
cancer cells as a target for diagnostics and
|
t revCRPC CRPC CRPC,,
a T | e
o 4 “ »
g, o _
. :« . 3 . o”
’ ’ X k-9 .
' e % i °e 0
e | )
@4 - & P
> ay 4 ‘ . F3
o . ; o
) L3 ‘ "
Immunchistological staining of PSMA in the three investigated cell lines subtypes. Cytoplasmic PSMA (brown signal) in revCRPC (@ %20, b
oo mmne o o ' "RPCAA (e %20, f x60)
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PSMA and PCa

 PSMA increased expression in: B

Prostata cancer cell

— High Gleason Score
— CRPC (revCRPC < CRPC < CRPC,,) “*‘.\

— On Testosterone withdrawal “Sm\m 1-2kDa

 PSMA overexpressed on CRPC cells membrane:
— Highly specific target

 PSMA internalisation upon binding with inhibitors:
— Suitable for PRRT
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Limits of Choline PET

Metabolic PET probes '1C- or 8F-Choline fail to detect sites of recurrence in PCa
patients with low serum PSA levels (<1.0ng/dl).
In this scenario its use is discouraged by the EAU GL 2015

Guidelines on
Prostate Cancer v

6.10.4.6 Guidelines for imaging and second-line therapy after treatment with curative intent

Biochemical recurrence (BCR) after RP LE GR
In the case of BCR, bone scan and abdominopelvic CT should be performed only in patients |3 A
with a PSA level = 10 ng/mL, or with high PSA kinetics (PSA-DT < 6 mo or a PSA velocity = 0.5
ng/mL/mo) or in patients with symptoms of bone disease.

A Choline PET/CT is not recommended in patients with BCR and a PSA-level < 1 ng/mL 3 A

Biochemical recurrence after RT
In patients with BCR who are candidates for local salvage therapy, prostate mpMRBI may be 3 C
used to localise abnormal areas and guide biopsy.
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Chromatogram

F] 20150817 PSMA #5 [manipulated] N5-PSMA Radio_1
200 ] =
LI
T
1504 é
100 |
50 |
_ N
|| ll |'n||
j Vi
o4 I 1L | (S
_20 - r T T T T T T T T T T T T T 1
0,0 2,0 4,0 8.0 80 10,0 12,0 14,0]
Integration Results
No.  |Peak Name Retention Time Area Heignt Relative Area | Relative Height tesolution (EH
min cps-commin cps-corr % %
1 1,290 0,094 0,676 0.24 0,38 na.
2 3.830 0.099 0.854 0.26 0.48 na.
3 4,660 0,101 0,802 0.26 0,45 na.
4 Ga-HBED-CC-PSMA 8,977 37,991 174,023 99.04 98,43 na.
7, 6,530 0.074 0,442 0.18 0,25 n.a.
Total: 38,359 176,797 100,00 100,00
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12 minuti totali
Purezza radiochimica media: 98%
Resa: 79% ndc
Stabilita: 2 ore

8Ga-HBED-CC-PSMA

DOSSIER DEL MEDICINALE SPERIMENTALE

INVIATO AIFA LUGLIO
APPROVATO SETTEMBRE
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68Ga-PSMAHMBED: Biodistribuzione

| ".' Attivita: 2— 3 MBg/kg (min. 120 MBq)

Sedi di fisiologica captazione/accumulo :
Ghiandole Salivari

Reni / Vescica
Digiuno

Milza - Fegato
Escrezione Urinaria

Dose Effettiva (150MBq): 3 mSv
ISTTUT@
SCIENTFC®
ROMAGNOL@ riddiii
PER LO STUDI@® E LA CURA treseeess SERVIZIO SANITARIO REGIONALE
DE TUM@R| etseettt EMILIA-ROMAGNA

.........
.........



Eur J Nug! Med Mol Imaging. 2015 Mov 12. [Epub ahead of print]

Extent of disease in recurrent prostate cancer determined by [68Ga]P SMA-HBED-CC PETICT in relation to PSA
levels, PSA doubling time and Gleason score,
Verburg FA™, Plster D*, Heidenreich A°, Voga A*, Drude NI*, /65 5°, Motiaghy FM** Befrendt FF*

2
LA ’
Post-radical prostatectomy gl
PSA: 0.18 ng/ml

PET/CT revealed at least two
common iliac nodal
metastases subsequently
subjected to radiotherapy

Post-RT PSA: 0.03 ng/ml -
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68Ga-PSMA HBED-PET/CT in the evaluation of the biochemical
relapse in patients with a history of prostate cancer radically treated

Protocol Code: IRST185.02

Patients must have histologically or cytologically confirmed prostate cancer;

Radical treatment for prostate cancer (radiotherapy-brachitherapy or
surgery);

Patients with PSA progression defined o /mL and/or PSA rising
defined as 2 subsequent values sho@IY SR AI:I[111P least 1 week apart;

18F-Choline PET/CT negative or doubtful.
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18EMC dicembre 2015
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V.D. 60 anni, PSA 66.9 ng/ml all’esordio,

07/2015 prostatectomia, Gleason (4+5), 17/27 In pos, pT3b pN1
Dopo chirurgia PSA 0.022 ng/ml 08/2015

Recidiva biochimica PSA 0.231 ng/ml 03/2016
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Clin Physiol Funct Imaging (2017) doi: 10.1111/cpf.12480

INVITED REVIEW top-cited articles

virtual issue
online today ©

®8Ga-PSMA PET/CT for the detection of bone metastases in
prostate cancer: a systematic review of the published
literature

Helle D. Zacho™* (%), Julie B. Nielsen™?, Uwe Haberkorn®#, Louise Stenholt® and Lars ). Petersen®?

'Department of Nuclear Medicine, Clinical Cancer Research Center, Aalborg University Hospital, 2Departn'mnt of Clinical Medicine, Aalborg University, Aalborg,
Denmark, EDepartment of Nuclear Medicine, University Hospital of Heidelberg, *Clinical Cooperation Unit Nuclear Medicine, German Cancer Research Centre,
Heidelberg, Germany and *Medical Library, Aalborg University Hospital, Aalborg, Denmark

For primary staging, 8 Ga-PSMA PET/CT outperformed bone scans, while the superiority of 8 Ga-
PSMA PET/CT compared with bone scans with respect to biochemical recurrence and metastatic
castration-resistant prostate cancer (mCRPC) remains to be demonstrated.
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EUROPEAN JOURNAL OF
Eur Radiol. 2017 Aug 4. doi: 10.1007/s00330-017-4994-8. [Epub ahead of print]

Comparison of hybrid 68Ga-PSMA-PET/CT and 99mTc-DPD-SPECT/CT for the detection
of bone metastases in prostate cancer patients: Additional value of morphologic
information from low dose CT.

Janssen JC1, MeiRner 82, Woythal N3, Prasad V3, Brenner W3, Diederichs (32, Hamm B2, Makowski MRZ.

Accuracy Sensitivity Specificity

8Ga-PSMA-PET/CT 1.00 97.7% 100%
99mTc DPD SPECT/CT 0.83 69.4% 98.3%

Ga-PSMA-PET outperforms 2°™ Tc-DPD-SPECT in skeletal staging in prostate
cancer patients
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Richard P. Baum, Harshad R. Kulkarni, Christiane Schuchardt, Aviral Singh, Martina Wirtz, Stefan Wiessalla, Margret Schottelius,
Dirk Mueller, Ingo Klette, Hans-Jiirgen Wester. JNM, published on January 21, 2016 as doi:10.2967/jnumed.115.168443

A ‘ B 45/56 pz (80.3%) demonstrated

‘e’ ¢’y reduction in PSA levels
ﬁ" | €
@
all symptomatic patients reported

@
significant improvement in pain and

ISTTUT@® quallty of life
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Results in 25 patients with at least 2
cycles and 6 months FU

' Recist response: PRin 5,SD in 13, and
PD in 7 patients. (DCR 72%)
The median PFS was 13.7 months, and

the median OS was nr (28 months FU)

®




Eur J Nucl Med Mol Imaging {2005) 42:1976-1983 @Cnm?-‘h:lc
DOT 10,1007 /s00255-015-3125-3

ORIGINAL ARTICLE

Pre-therapeutic dosimetry of normal organs and tissues
of '""Lu-PSMA-617 prostate-specific membrane antigen (PSMA)
inhibitor in patients with castration-resistant prostate cancer

Levent Kabasakal' - Mohammad AbuQbeitah' - Aslan Aygiin' - Nami Yeyin' -
Meltem Ocak” - Emre Demirei” - Turkay Toklu*

A o
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Eur J Nucl Med Mol Imaging (2016) 43:42-51 ® -
rosshdar
DOT 10, 100 7/500259-015-3174-7

ORIGINAL ARTICLE

Dosimetry for '’ Lu-DKFZ-PSMA-617: a new
radiopharmaceutical for the treatment of metastatic
prostate cancer

Andreas Delker' - Wolfgang Peter Fendler' « Clemens Kratochwil® « Anika Bmm:gmt’L .
Astrid Gosewisch ' - Franz Josef Gildehaus' - Stefan Tritschler” - Christian Georg Stief? -
Klaus Kopka® + Uwe Haberkorn® - Peter Bartenstein' - Guido Bining'

wash —out renale
e salivari
Ritenzione
metastasi ossee
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177Lu-PSMA-11

., =
""" T o ) Rewv. 1
— BATCH REC:;ZD —MPER RICERCA del 62.01.2014
SENIGS IROETHR Pag. 1 di 3
PER LC) STUDI® E LA CURA ad
BIET FLAW YRR U.0O. Medicina Nucleare - Diagnostica
e il e =
Mome del radiofarmaco ? ?,,f_U-‘— ‘_I DEDY-CC - TS M A
|Chromatogram
1102 177Lu-HBED-CC-PSMA #5 177Lu HBED-CC-PSMA std Radio_1
100- .
| ll(\\l
] |
80 - Il \\I
4 | ||I\
50 ||
404
] I
|
: |
20
- |I
Q_- I/ — — B
STUe |
ROS/\(/%L\E(%E%CL: 0,0 2.0 40 B0 80 10,0 14,0
2:: SERVIZIO SANITARIO REGIONALE
!} EMILIA-ROMAGNA
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BATCH RECORD — PER RICERCA
- RO2/MQ -

del 02.01.2014

Rev. 1

Pag. 1 di 3 |

U.0. Medicina _!"lucléare - Diagnostica

Mome del radiofarmaco

68, - DOTA PSHMA (DKE2-61%)

Tempo di sintesi 16 min, purezza radiochimica 99%, resa 70% ndc;

stabilita 2 ore

[Chromatogram

»5n_ & N1-20150902 #5 [manipulated] N1 GaPSMA-617 Radio_1
‘ 3
200
150 2!
] [ |
100 |- |
. |
] [
50+ | |
1 -
] |
ol — 1 . _ _ T S T B o _
) 50 : r T T T T T T 1
0,0 2.0 4.0 5.0 8.0 10.0 12,0 14.0
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height !esolution (EH
min cpSs-corr min CpS-COIm Yo Yo
G | 1,053 0,064 0.587 0,10 0,26 na.
2 68GaPsSMAGTT 5,600 60,7571 222,955 99 .37 99 19 n.a.
3 7.370 0.145 0,626 0.24 0,28 n.a.
4 8267 0,216 0.604 B0.35 D27 na.
ISTTUT@ [rotar 61,176 224,773 100,00 100,00

SCIENTFIC@®

ROMAGNOL@®
PER LO STUDI@® E LA CURA
DE TUM@R

. SERVIZIO SANITARIO REGIONALE
ves EMILIA-ROMAGNA



VNOVWOY-YITING ..
JIYNOIDIY OIMVLINYS OIZIA¥IS :i5e

H@WNL 13d
VdND V13 @IdNis O1¥4d

@ IONOWNO
@ HINGIOS
@MUY
|elsy || 9seyd ‘|age|] uado ‘pa]|041U0D UOU ‘DAI11D9dS04d ‘U81U32-9|3UlS ugisaq Apnis
Il @seyd aseyd

L9€1d{1 -3pP0) 1214Uap|- 1SHI
€0°S811SHl -9p0) |0303104d

C€-¢ELC00-910¢ -12quinN e N3

uonenjeAa A3191xo} pue Aoeoiyo
(Dd¥9) 199ued d)e)soad juelsisal Uuoljea}sed pasueApe
ul 219 VINSd nN1221 yum (LINY) Adeaay] oljogejswoipey

0'T UOISIdA - £TOC/T0O/60 :UoIsidaA pue aleQ
/9€TdT :2p0D J3l13usp|

CO|JPUSPS THEIE] ¥ RIM) & DUSACI]Y [P OWDPS|

€0°98T1SY| -2ep0) |030104d Hown) 18p BN B @ oipms of Jad ojoulBwWoY 03NuUanRs oIMmNIs] T T
i.w_ J\/__.D._. _MD {_Z uqzaﬁ—lq—l—_ _zm IR RN 3 K NEN]
VaND V13 ®IdNILS O1 33d seensdce.
GIONOYWOY FIYNOIDIH QIMVLINYS OIZIAHIS .covscews
o 1risesi::



VNOVYIWOY-YITING
JTYNOID3Y OIHVLINYS OIZIAYIS

(E9MDd

01 SuipJodoe) Juawieasl snoiralid wod) uoissaisold ul syuaned °g

13d-2u1j0D)QT 4O UedS auoq Jo [YA Jo 1D Ag pajuawnoop

‘9seasIp Jo 31Is umouw| ul aAlIsod 1/13d VINSd-eD89 v
J392ued 91e1504d JUR)SISAU UOIIBIISED DI1RISRIBIA '€
'sieaA QT 2 pade SN ‘T

J2oued aeysoud

pawyuod Ajeai8ojoiAd 1o Ajeai80|03siy 9AeYy Isnw sjuailed T

H@WNL 13d
VdNdD V13 @IdNiLS O] ¥4d
@ IONOVWOY
@OHINIOS
@1

BI4231JD UoIsn|du|
ulely pue sisousgeiq

0T¢

s323lgns jo Jaquin

"A1jawiisop pue asuodsal

[ediwaydolg ‘sQ ‘s4d ‘Aidixol aie| :aJe sanndalgo Alepuodas 3yl

syuow {z :porsad Juswi||oJus -

”_OUOPO‘_Q ulew =2y1 10} uolleJnp p=a1ewilsy

saA113[q0
"9A1323[qo Asewud-00 se Ajajes ayl pue (¥2Q) 23ey |043u0)
2seasiqg 2y3 21en|eaa 01 sl Apnis || aseyd syl Jo aA3oalgo urew ay |
"JUSWI1EaJ] JO pUa Ja1je syruow T :dn-mojjo -
syiuow QT 01 dn :uoileJNp JUSWI1EI] -
SaulBWI]




H@WNL 13d
VdNdD V13 @IdNiLS O] ¥4d

VNOVYIWOY-YITING
JTYNOID3Y OIHVLINYS OIZIAYIS

@ IONOWNOY
@OHINIOS
@MUY
(*1uaned ay1 1oy
Jyauaq |ealulpd e Juasaldal pjnod siyl
“quawdpnl s, a03e813s9AU] uo paseq ‘JI
pue Qd O 33U3pIA3 OU ‘123443 3pIs ou §i) Gl >33y
$9|2Ad |euollippe 7-T + XM ZT-8 Alana bgo §'S WINSA-NT LT 10 |9xe1a20( snoinaud oN
(yuaned ays 1oy uoljesysisay
1yauaq |ealulpd e Juasaldal pjnod siyl
“quawdpnl s, a03e813s9AU] uo paseq ‘Ji \
pue gd 0 23uapiAa ou “}234)a apIs ou i) G/ 238y Jo
$39|2Ad |euonlippe 7-T + YM ZT-8 Aana bgo 7'v-2°€ VINS-NT £/T |9Xe3320( SNolAs.d
juawieaa] salislialoeiey)

VIANTHIS AQNLS



Trattamenti fatti in IRST

con 177Lu-PSMA 617 dal 24/5/2017

2 cicli 3 cicli 4 cicli

trattamenti fatti 38

pazienti arruolati 22 9 2
drop-out 1

non valutabile 1

2pz 3,7GBq;
15pz 4.4GBq;
5pz 5.5GBq
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www.impactjournals.com/oncotarget/ Oncotarget, 2017, Vol. 8, (No. 33), pp: 55567-55574

Clinical Research Paper

Radioligand therapy of metastatic prostate cancer using ’7Lu-
PSMA-617 after radiation exposure to ?22Ra-dichloride

Hojjat Ahmadzadehfar'*, Stefanie Zimbelmann'*, Anna Yordanova?, Rolf Fimmers?,
Stefan Kiirpig!, Elisabeth Eppard?, Florian C. Gaertner?, Xiao Wei!, Stefan Hauser:
and Markus Essler!

The aim of this study was to evaluate the safety of repeated cycles of 177Lu-PSMA-617 after

exposure to more cycles of 222Ra. Forty-nine patients were treated with three cycles of Lu-PSMA-617
divided into two groups subjected to a history of therapy with 222Ra. Group 1 included 20 patients, who had
received therapy with ?23Ra prior to Lu-PSMA-617 therapy. Group 2, which was the control group regarding
hematotoxicity, comprised 29 patients without any history of a bone-targeted radionuclide therapy. These
results confirmed that performing repeated cycles of Lu-PSMA-617 after 222Ra seems to be safe with a very
small probability of hematotoxicity.
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Dati scintigrafici dopo
almeno 2 cicli
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%" LD " ' »
L . .
N Yy %9
1° cycle 13/9/17 2° cycle 8/11/17
smue@  177LuPSMA 3.7GBq 177Lu PSMA 3.7GBq
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225Ac-PSMA-617 for PSMA-Targeted «-Radiation Therapy of

Metastatic Castration-Resistant Prostate Cancer
THE JournaL oF NuciLear Mepicive » Vol. 57 » No. 12 » December 2016
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F-18 labelled PSMA-1007: biodistribution, radiation dosimetry
and histopathological validation of tumor lesions in prostate

cancer patients

Eur J Nucl Med Mol Imaging (2017) 44:678-688
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Lymph nodes

PSMA+ only
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Bone lesions
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Detection rate
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psa <1 ng/mL
n=18

Comparison of ®*Ga-labelled PSMA-11 and ''C-choline
in the detection of prostate cancer metastases by PET/CT

Johannes Schwenck ' - Hansjoers I-ltt'mppl2 « Gerald Reischl® « Stephan Kruck® -
ArnulfStenzl® - Konstantin Nikolaou® - Christina ]?'i'ammrlflhr_-rg3 « Christian la Fougére 1%
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La terapia si effettua conun protocollo sperimentale (IRST
185.03) che richiede un regime di ricovero protetto di tre giorni.
Si effettuano 4 cicli di trattamento a 2 mesi uno dall’altro. |l
protocollo & attivo dal 29/03/2017 e prevede di trattare in 3 anni
210 pazienti con PC ormono resistente ed in progressione di
malattia dopo le terapie standard.

Disegno dello studio

3.70 5.5 GBq A Follow-up

Valutazione clinica i Valutazione clinica
e morfologica i i i e morfologica
T 17 71
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