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LUNG NETS

A UNSCLC75% B ' = GEP NET 70%
ok SCLC 20% -

* LCNEC 3%

“AC 0.2%

2 TC 2%

i Lung NETs 25%

= Other 5%

Ta tveupovikd NETs amoteAovv pia etepoyevr) opdda VEOTTAACHATWY TIOU
TIPOEPXOVTAL OTIO TIVEUOVLIKA Veupoevdokpvr) kUTTapa (PNEC) kat
epdavifovTal WG LEUOVWHEVH KUTTAPA 1] ULKPA CUYKPOTI AT KUTTAPWYV
(neuroepithelial bodies)

AVTITIPOOWTIEVOLV TIEPITIOU TO 25% TOCO TWV TIPWTOTABWY VEOTIAACUATWYV
TOU TIVeEVUHOVOG (2,2% TC, 0,2% AC), 600 kat Tou cuvoAou Twv NETSs
(0evTEpPOL 0€ ouYvOTNTA PETA Toug GEP-NETS)

J Thorac Dis 2017;9(Suppl 15):S1501-S1510



TAZINOMHZH KATAWHO TQN NMNEYMONIKQN NETS

Typical carcinoid

Well differentiated lung NET

Low/intermediate grade Atypical carcinoid

LCNEC

Poorly differentiated lung NEC

High grade
SCLC

TANAN

WHO Classification of Tumours of the Lung, Pleura, Thymus and Heart. 4th ed. Lyon, France: International Agency for Research on Cancer; 2015. Hendifar, J Thorac Dis 2017;9 (Suppl 15):S1501-
Si510



MOP®OAOTIIKA KPITHPIATIATH AIAKPIZH
TQN INMNEYMONIKQN NETS

Tumor with NE
morphology; organoid
nesting, palisading,
rosette-like structures

Low/intermediate High grade
grade

. _— . " Small Cell Carcinoma Lar :_aCeII .
Typical Carcinoid Atypical Carcinoid Mitoses >10 per 2 mm? Neuroendocrine Carcinoma
Mitoses <2 per 2 mm? Mitoses 2—10 per 2 mm? P Mitoses >10 per 2 mm?

Cytologic features

and no necrosis or necrosis
of SCLC

Cytologic features
of NSCLC

TASLVOUOUVTOL OE 4 UTIOTUTIOUG AVAAOYQ [E TOV OPLOUO TWV UITWOEWV Kal TNV
Topovoia 1j amousio VEKpwong

J Thoracic OnCol. 2017



Nuclear Medicine =Molecularimaging

Role of Nuclear Medicine in Nets

Molecplar ancer_ Treat.n'!ent
Imaging Stratification Decision
Target expression? Individualized therapy

i.e. PET imaging

"ﬁ/" Positive outcome

4 to be expected

x Outcome is
unknown

Negative outcome
to be expected

=
A

Visualization of the Assignment to patient Treatment according to
functionally expressed subgroups depending on the expected outcome of
target structure. the imaging results. a certain therapy.

v ETITPETIEL TNV TPWILUN AELTOUPYLKT] OVIYVELOT) TOU OYKOU KOL TWV
HeTaoTaoewV (“molecular signature” prior to irreversible damage)

v Ztpwpoatotoinon Twy acBevwy e BACEL TA ATIEIKOVIOTIKA EUPTIUOT

v ZupBaAAeL oty amddoon otoxeupévng Bepameiag kot tnv dtayeipnon
Twv acBevwy in real time (personalized medicine)



PAAIOIZOTOMNA 2THN ANEIKONIzH
TQN NETs

111ln-pentetreotide (OCTREOSCAN) SPECT

99mTc-EDDA/HYNIC-tyr3-octreotate SPECT/CT

68GaDOTATATE/TOC

— PET/CT

18F-FDG

Ot veupoevdokpivikol oykol (NETs) yapaktnpilovtal amnod vnAn ekbpaon
UTI0O0YEWV cwpatootativing—SSTRs (= 80% SSTR2)

H untepekPppaon twv urtodoxewv (SSTRs) otnv eTiPAVELD TWV VEUPOEVOOKPLVLKWV
KUTTAPWV OTIOTEAEL TN HopLakT] fAon yLo TV in Vivo 0TOXEUON UE PAOLOCT|LOCHEVA
avAAOyo CWHATOOTATIVNG TOCO YL SLotyVWOTLKN amelkovion 0co Kal Beparteia.



Clear benefits of 68Ga-DOTA PET/CT

M sensitivity: <smm lesion
characterization
Tspecificity
| uptake time: 45-60 min
Vs. 24-48 hrs
limaging time: 12-15 min
VS. 45-60 min
I E | | radiation dose to patient
Octreoscan Planar SPECT/CT 68Ga-DOTA PET/CT In-house on demand production

24-48 hours 90 min



AINAH PAAIOIZOTOINIKH MEAETH PET/CT
(68Ga-DOTA-peptides + 18F-FDG PET/CT)

H Betikr} cuoyetion TG mpooAnymg tou 18F-FDG kot 68Ga-DOTA-peptide
ME Tov PBaBpd kakorBetag ota mveupovikd NET SikaloAoyel TNV KALVIKN

TOUG XpNon:

Aldyvwon/apxLkr] otadlomoinon
*  OVOYVWPLON TNG TTIAPOUGCING ETLOETIKWY OYKWV
* a&loAoynon g avranokpiong otn Oepaneia/ emavactadionoinon

* Avayvwplon anodiadpopoTIONHEVWY TIEPLOY WV EVTOG VEOTIAAGHATOG
XopnAov Babuou kakoriBelag

* Emloyr Oepaneiog (Mcold” and radiolabeled octreotide)

Double tracer PET/CT: what is it and what does it mean? J Cancer Metasta Treat 2016;2:321-8.



68Ga-DOTA-peptides + 18F-FDG PET/CT
“GRADING” LUNG CARCINOIDS

FDG PET / CT '

68Ga PET / CT+ : ékdppaon twv SSTR apeoa oxetllopevn Ue to Baduo
kakonOeloc - low/intermediate grade carcinoids

FDG PET / CT+ : ékdpoon avénuéevne LeTaBoAkNEC SpaoTnpLOTNTOC
oxetwlopevn pe vPnAol Babuou kakonBewag oykouc - high-grade
tumors




MOPOOAOTIKH KAIAEITOYPIIKH AMNEIKONIZH ZTA
NMINEYMONIKA NET

Type of lung NET Morphological imaging  Functional imaging

Well differentiated Total-body CT scan *Ga-PET/CT-DOTA-peptide
Or very low Ki-67
Or low grade

OrTC

Well/moderately differentiated ~ Total-body CT scan *Ga-PET/CT-DOTA-peptide + "°FDG-PET-CT
Or intermediate Ki-67 (.9., 3-20)
OrAC

Poorly differentiated Total-body CT scan *FDG-PET-CT
Or high Ki-67 (e.g., >20%)
Or LCNEC/SCLC

NETs, neuroendocrine tumors; TG, typical carcinoid; AG, atypical carcinoid; LCNEC, large cell neuroendoctine

Sana Ahuja., et al. “Atypical Carcinoid Tumours of Lung - Analyzing the Diagnostic Challenges and its Substantial Impact on Prognosis: A Case Report with Review of
Literature”. EC Clinical And Medical Case Reports 2.1 (2019): 08-13.



68Ga-DOTA-peptide (+) 18F-FDG PET/CT( low/-)

"
&
“Ga-DOTATATE fused PET-CT
¢ 3 '._
y .
i "||..|||.|..

870G tused ETCT Lung Typical carcinoid



FDG PET/CT(+) 68Ga-DOTA PEPTIDE(-)

Lung Atypical carcinoid



European Neuroendocrine Tumor Society (ENETS) algorithm
for the diagnosis of Pulmonary NET — Role of Nuclear Medicine

- - Evaluate possible MEN1 association
Clinical suspicion of pulmonary ,/-*-”9 (include: ionized serum calcium, PTH,

?ﬁyl;)riigrg?ﬂ;;;;:ng;minoi 9 consider MEN1 gene mutational analysis)

\ \ Assessment of biochemical secretion

depending on clinical signs and history:
24h urine 5HIAA

serum cortisol and ACTH

Spine MRI if symproms Multiphasic contrast CT chest GHRH, IGF1
or suspicion of <— | & abdomen
metastases

/ \L \ If considering surgery perform:
Echocardiography

Respiratory Function testing

If_positive cytology or Bronchoschopy
histopathology: (EBUS in selected cases)

QOctreoScan™ or Ga68-
DOTA-Octreotate PET. \

\L Histopathology: Evaluation of Mitotic
count and/or necrosis, include Ki67
proliferation index.

Transthoracic and/or
transbronchial biopsy. /

Consider FDG-PET in AC or
high grade histopathology

Cytopathology: may not differentiate TC
from AC

Metastatic disease: biopsy
most accessible site

Caplin ME, Baudin E, Ferolla P, et al. Pulmonary neuroendocrine (carcinoid) tumors: European Neuroendocrine Tumor Society expert consensus and recommendations for best practice for
typical and atypical pulmonary carcinoid.Caplin et al. Ann Oncol. 2015



KAINIKH KAI TIPOINQ2TIKH A=IA
TOY FDG-PET 2TA LUNG CARCINOIDS

* LOYUPY) CLUOYETLON HETAEV TNG VYNAYG TIPAcANYNG NG
18F-FDG kot tTnG Kakng EKPaong tng vooou KON KoL O€
ao0eveig pE KAAX O1aPOPOTIONUEVOUG OYKOUG,
OVEEAPTNTA ATIO TOV LTWTLKO pUOUO Kot TOV OEIKTN
KUTTOPLKOU TIOAAXTIAQGLOGLOU

* 18F-FDG PET+ ave&aptntog mpoyvwoTIKOG TIXPAYOVTOG
yla v tpoBAePn NG ouvoAikng emiBiwong (OS)

Role of 18FDG PET/CT in patients treated with 177Lu-DOTATATE for advanced differentiated neuroendocrine tumors. Eur J Nucl Med Mol Imaging 2013; 40: 881-888, 18F-fluorodeoxyglucose
positron emission tomography predicts survival of patients with neuroendocrine tumors. Clin Cancer Res 2010;16:978-85. Dual Somatostatin Receptor/FDG PET/CT Imaging in Metastatic

Neuroendocrine Tumours: Proposal for a Novel Grading Scheme with Prognostic Significance. Theranostics 2017; 7(5):1149-1158.



The Paradigm Most Utilized:
i THERANOSTICS

Receptor Binding and Internalization of the same
Peptides for Imaging & Therapy
8Ga-DOTATATE - ""7Lu-DOTATATE

Memorial Sloan Kettering

,?8 ., Cancer Center



Peptide Receptor Radionuclide Therapy Agents

0y 2.7d B- 2.3 MeV 12 mm

7ilu 6.7d B-,y 0.5MeV 2 mm
177Lu-DOTATATE (Lutathera; Advanced Accelerator Applications

USA, Inc, Millburn, NJ) was recently approved by (EMA) and (FDA)

’ Vo, TN (b e )

W

1.Injection .2.Concentra.tion 3.The radio 4he radio- 5The radio "6.Radiation
into(NETs) sites  paptide peptide peptide delivers induces DNA
binds isinternalized radiation within strands break
177Lu-DOTATATE to(sstr2)  inthe NET cell the cancercell causing
mode of action tumor cel

death



SRI: correlation with PRRT response
High radioactivity

68Ga- - concentration
Ga-SSA-PET Elevated uptake

High tumour dose

Response

100 1 " *. ‘ .

75 Krenning scale:
G2

3

‘o.

G3 G4

Percentage remission
an
o

=L iver >Liver >Spleen/kidney
Tumor uptake on the OctreoScan

Kwekkeboom D et al. ERC 2010

Neuroendocrine Tumour TheranosticsLisa Bodei.Director of Targeted Radionuclide Therapy Molecular Imaging and Therapy Service Memorial Sloan Kettering Cancer Center New York 2018



Intense uptake, selection for PRRT

3D PET, Ga68_DOTATAT... 1100 hsall| Axial PET, Ga68_DOTATAT...<->CT-Dx, Ga68 DOTAT... Axial PET, Ga68_DOTATAT...<->CT-Dx, Ga68 DOTAT...
HD MIP Ne cut I: 451.6 A 207 I:412.4 A 207
DFOV 51.1 x62.3 em Im: 145 Im: 133
DFOV33.9x41.3
» ExcFob 17 2017 DEOY,S3: xSt Ex:Feb 17 2017 x om Ex:Feb 17 2017

e

-
R L
2 2
5 5
8 # 8

¥ ,
-
50 % PET 50 % PET

No VOI g 33 33
3.3mm /3.3sp . VEENRCUVE 3 3mm /3.3sp ROI 3 (PET): 12.32cm3 M=43.24 Av=24.14 V=31.80 B 3.3mm /3.3sp ROI 2 (PET): 72.37cm3 M=36.87 Av=24.58 V=22.13
m=0.01 W=10.01 g/ml m=0.01 M=10.01 g/ml P 207 B m=0.01 M=10.01 g/ml P 207

Neuroendocrine Tumour TheranosticsLisa Bodei.Director of Targeted Radionuclide Therapy Molecular Imaging and Therapy Service Memorial Sloan Kettering Cancer Center New York 2018



Low grade uptake: questionable PRRT indication

%
| 3D PET, GaB8 DOTATAT... o Axial PET, Ga8 DOTATAT...<->CT-Dx, Ga88 DOTAT Axial PET, Ga68 DOTATAT..<->CT-Dx, Ga68 DOTAT
HD MIP No cut I 267.1 3 I: 587.5 A 305
| DFOV 885 %709 om ' ’ Im: 82 Im: 190
. FOV 50.0 x 61. DFOV 50.0 x 61.0 cm
o ExMlar 24 2017 ERQU.200x210cm Ex:Mar 24 2017 Ex:Mar 24 2017

s

R L

3 3

2 2

7 7

No VoI 50 % PET 50 % PET
| 83mm 3 2ep Ve3.81 i 3 o

m=0,00 ¥=5.00 g/mi 1800 3.3mm 13.3sp

m=0.00 M=5.00 g/m! 06 0 00 g/mi

Neuroendocrine Tumour TheranosticsLisa Bodei.Director of Targeted Radionuclide Therapy Molecular Imaging and Therapy Service Memorial Sloan Kettering Cancer Center New York 2018



PRRT in Patients With Lung Typical/Atypical
Carcinoids?

eva Tpito Twv aoBevwv pe LUNG Carcinoids €youv HETAOTACELG KOTA TN
dLAyvwoT Kal 1 Heon eTLRIwoN Yo auToUG TOUG 0oBeVEIG Elval 24 PUNVEG
(SEER database 2000-2012)

Mia povo otoyxeupevn Oepareia xel eykplOel amd 1o FDA 1o everolimus
(based on RADIANT-4 results) for progressive, well-differentiated,
nonfunctional NETs of lung origin that are unresectable, locally advanced,
or metastatic.

H PRRT ota LUNG Carcinoids av kat 6gv utootnpiletal aKOun ato
TUXOLLOTIOLNEVEG TIPOOTITIKEG LEAETEG, UTIAPYOLUV BPOLOTIKEG EVOEIEELG
QTIOTEAECHATIKOTNTAG KAl A0PAAELNG OTIO TIPOODATES AVUOPOMULKEG KOl
daonG I/Il KAWVIKEG UEAETEG, OUYKPIOLEG JLE TO ATIOTEAECHATO TNG
NETTER-1 study

OL OLETILOTNHOVLIKEG Oadeg NET pmopouv va Bewpriocouvv tnv PRRT
TapAAANAQ e To everolimus wg eTitAoyn) yia Ta somatostatin receptor-
positive Lung Carcinoids pe p60d0 TG vOGOoU UTIO aywyr) e SSAs.

oris G. Naraev.Peptide Receptor Radionuclide Therapy for Patients With Advanced Lung Carcinoids .Clinical Lung Cancer, Vol. 20, No. 3, e376-92, 2019



Efficacy of 177Lu-DOTATATE in Lung Carcinoids
Non-controlled studies

Best
response

90Y-DOTATOC 18% PR+MR 23 mo 46 mo Mariniello
(11 GBq) 2015(IEO
177Lu-DOTATATE (21GBq) 29% PR+MR 31 mo >110mo Milan)

90Y-TOC+177Lu-TATE (Retrospective)

(7413 GBq) 38% PR+MR 31 mo 61 mo

177Lu-TATE 34 30% CR+PR 20 mo TC 48,6 mo TC lanniello 2016

22.2-29.6 GBq 15,7 mo AC 37 moAC (Phase )

In 4 cycles

177Lu-TATE 22 27% PR 27 mo 42 mo Sabet 2017

27 GBqin 4 cycles (Retrospective)
Lu-DOTATATE 22 31% CR+PR NS 40 mo Parghane 2017

22-27 GBgi n 4-5 cycles

Naraev BG.Peptide Receptor Radionuclide Therapy for Patients With Advanced Lung Carcinoids.Clin Lung Cancer. 2019 May;20(3):e376-e392.s

(Retrospective



Atypical carcinoid 22 months after PRRT

(PR)

Ga-68 DOTATOC Ga-68 DOTATOC

Somatostatin receptor PET/CT in restaging of typical and atypical lung carcinoidsEJNMMI Res. 2015; 5: 53.



Atypical carcinoid 3 months after PRRT

Efficacy of peptide receptor radionuclide therapy with 177Lu-octreotate in metastatic pulmonary neuroendocrine tumors: a dual-centre analysis. Amir Sabet. Am J Nucl Med Mol Imaging.
2017;7(2): 74-83



NCCN Guidelines® Insights
Neuroendocrine and Adrenal Tumors
Version 2.2018

Featured Updates to the NCCN Guidelines

Role of Nuclear Medicine

MANAGEMENT OF LOCOREGIONAL ADVANCED DISEASE AND/OR DISTANT METASTASES®°
BRONCHOPULMONARY OR THYMUS

TREATMENT®#

Consider observation for select patients®®

or

Consider octreotide or lanreotide

(if somatostatin receptor positive imaging and/or
hormonal symptoms)

or Consider changing
Intermediate grade (atypical) Consider everolimus ——— > | therapy if progression
or on first-line therapy®PP

Consider PRRT with ""Lu-dotatate

(if somatostatin receptor positive imaging and
progression on octreotide/lanreotide)?@

or

Consider chemotherapydd (for select patients)

Chest CT (without contrast)

Multiple lung nodules or Observe » | every 12-24 mo or for new
tumorlets and evidence  ; symptoms

of diffuse idiopathic ———— | Octreotide or lanreotide

pulmonary neuroendocrine (if somatostatin receptor positive

cell hyperplasia (DIPNECH) imaging and/or hormonal symptoms)

J Natl Compr Canc Netw 2018;16(6):693-702



2YMITEPAZMATA

Ta Lung Carcinoids amaitouv pLo TIOAUETILOTNLOVLKT] OAOLKT)
TpooeyyLom yLa BEATIOTN SLayvwon Kal Oeparteia.

* H ameikovion Baotopevn oto 68Ga-DOTATATE PET / CT eivaut
ATIOPALTN TN TOOO YLA TNV ATIELKOVLOT] TOU OYKOU/ETACTACEWY 000
KoL yla tnv emhoyn tng PRRT

* O ouvduaouog 68Ga-DOTATATE + FDG PET / CT pmopei va
EKTLUTOEL UN ETEUPATIKA TNV ETEPOYEVELX TOU OYKOU YL TNV
e€aToplkevEVN dlayelplon Twv aoBevwv

* [apd TV EAAELYTN oLVAIVEDOTG OYETLKA e TN OLlaxeiplon aoBevwv e
TIPOYXWPTHEVA 1] LETAOTATLIKA TIVEUOVLIKA KOPKLVOELDT), Ol
npoodateg katevBuvtrpieg odnyieg ENETS kat NCCN €youv
OUUTIEPLAGBEL 0TO dLayvwWOoTIKS Kal BEpaTIEVTIKO TOUG aAyOpLOpO TO
68Ga-DOTATATE PET/CT kat tnv PRRT.



The Challenge of PRRT for the Next Years

= Efficacy of 177Lu-octreotate treatment/genomic
signature in blood

= Combined PRRT with Chemo or Biologics

= SSTR-antagonists OPSao1 trial

= NEOADJUVANT-PRRT ?

| THERaNosTICS — "EEESE NEUROENDOCRINE TUMOR
2 World Congress @ CLINICAL TRIAL OPEN
' Ga-68 & PRRT NS HOPKINS

Theranostics of Radiolabeled
Somatostatin Antagonists
PRCRT = peptide receptor chemoradionuclide therapy 68Ga-DOTA-JRI11 and

177Lu-DOTA-JR11 in Patients
with Neuroendocrine Tumors

IDET

NEUROENDOCRINE TUMOR
RESEARCH FOUNDATION
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