
Chiara M Grana 
Divisione Medicina Nucleare 
Istituto Europeo di Oncologia, MIlano 

TERAPIA RADIORECETTORIALE (PRRT) 
 

THERANOSTIC…….. Think different…., 
as a Nuclear Oncologist…. 



LA CELLULA NET: il target 

OCTREOSCAN 



Ga-68-peptidi 

FDG PET 

Ga-68-peptidi 

Manoharan, EANM 2016 
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Liver, LN and bone mets from ileal G1 NET (Ki67 <1%). Status post ileocolectomy; SSA ongoing 

68Ga-DOTATOC 



Imaging molecolare nei NET: obiettivi 
 

Localizzazione del 

tumore primitivo e  

delle mts 

 

 

Decisione, strategia terapeutica e scelta del trattamento 
 
 
 
 
 
 
 
 
 
 

Valutazione della 

risposta alla terapia 
 
 
 
 
 



Imaging molecolare nei NET: obiettivi  PRRT 
 

 

 

 

 

 

Decisione, strategia terapeutica e scelta del trattamento 
 
 
 
 
 
 
 
 
 
 

Valutazione della 

risposta alla terapia 
 
 
 
 
 





SRI: correlazione con la risposta alla PRRT 

Ga-68-SSA-PET 

Captazione 
elevata 

Elevata concentrazione  
di radioattività 

Alta dose al tumore 

Risposta 



PRRT sempre indicata? 
 
 
 
 
 

carcinoide atipico bronchiale,  

mts ossee e ln, epatiche  

Courtesy of ENETS 

No uptake, no PRRT 



Intensa captazione; ok per PRRT 

T, SUV 28,2 



Captazione intensa: è sempre indicata la PRRT? 
 
 
 
 
 
 
 
 
 
 
 
 
 

     ECOG 2, perdita peso 

 compromissione 

 funzionalità ematologica 

 basale 
 
 
 



Valore predittivo della PET con FDG nei NETs:  

OS e PFS variano con il SUV max Binderup T, et al. Clin Cancer Res; 2010 



EFFICACIA 
 Tumor shrinkage 

 Miglioramento sintomi e QoL 

 Ruduzione marcatore 

 Impatto sulla SV 

 

TOLLERABILITA’ 
 Generalmente ben tollerata 

 Generalmente effetti collaterali acuti minimi:  
• AA-correlati: nausea, vomito 

• PRRT-correlati: astenia, ricambio capelli (Lu-tate), rara esacerbazione sdr 

 Effetti cronici e permanenti (rene, BM) 
• Generalmente lievi se opportune precauzioni 

Currently mostly used: 

177Lu-DOTATATE 



Lutathera 
Netter-1 



Courtesy of ENETS 



NETTER-1: Quality of Life 

Global 
Health 
Status 

Diarrhea 
 
 
 
Pain 
 
 
 
 
Flushing 

Improvement 

Worsening 
 
Improvement 

Worsening 
 
Improvement 

Worsening 
 
 
Improvement 

Worsening 

177Lu arm 
Av. % of pts 

28% 
 
18% 
 
39% 
 
19% 

41% 
 
17% 
 
42% 
 
22% 

60mg Oct arm 
Av. % of pts 

15% 
 
26% 
 
23% 
 
23% 
 
28% 
 
25% 
 
38% 
 
19% 

Comments 
 
Statistically significant 

improvement in 177Lu arm 
 
 
Statistically significant 
improvement in 177Lu arm 
 
 
 
Trend towards improvement 

in 177Lu arm not statistically 
significant 

Improvement in both arms 

with no clear advantage 
in 177Lu arm 

·  Benefit in important domains associated with 177Lu treatment Vs. HD octreotide. 
·  Confirmed treatment value of 177Lu on patient QoL, in addition to the meaningful 

increase in PFS already reported. 
 
 
 
Strosberg J et al. JNM 2017 Abs. 
 



Controllo dei sintomi, 

post PRRT con Lu-177-DOTATATE 

NET 

type 
 
 
 
 

All 

NETs 
 
All 

NETs 
 
P-NETs 

Schedule 
 
 
 
 
 
 

22.2-29.6 

GBq 
 
31 GBq + 

5FU 
 
28.2 GBq 

Pts 
 
 
 
 
 
 

111 
 
 

10 
 
 

68 

Symptom 
 
 
 
 
 
 

Diarrhea 
 
 

Diarrhea, 

flushing, pain 
 
Fatigue, 

pain, nausea 

Concomitant 

SSA 
 
 
 
 

62% 
 
 

n.a. 
 
 

36% 

Symptomatic 

Response 
 
 
 
 

67% 
 
 

9/10 
 
 

Significant 

improvement 

Author 
 
 
 
 
 
 

Khan S 

2011 
 
Kong G 

2014 
 
Marinova 

M 2017 

Significant symptomatic improvement regardless of the objective response 
 



Efficacy of 177Lu-DOTATATE in P-NETs 
Non-controlled studies 

Schedule 
 
 
25.5 GBq (5 cycles, 

normal pts; 18 GBq in 

risk pts) 

32 GBq in 4 cycles 

Pts 
 
 
52 

 
 
 
 
68 

Best 

response 

29% PR+CR 
 
 
 
 
60% PR 

PFS 
 
 

- 
 
 
 
 
34 mo 

TTP 
 
 
36 mo 
 
 
 
 

- 

OS 
 
 

- 
 
 
 
 

- 

Authors 
 
 
Sansovini 2013 
 
 
 
 
Ezziddin 2014 

22.2-29.6 GBq in 4 

cycles 

133    55% CR+PR 30 mo 31 mo 71 mo Brabander 2017 

PRRT with 177Lu-DOTATATE is a favorable therapeutic option in 

patients with pancreatic NETs with objective responses and impact 

on survival parameters 



Efficacy of 117Lu-DOTATATE in BP-NETs 
Non-controlled studies 

Schedule Pts Best 

response 

PFS TTP OS Authors 

90Y-DOTATOC (11 GBq); 

177Lu-DOTATATE (21GBq) ; 

90Y-TOC+177Lu-TATE (7+13 GBq) 

114     18% PR+MR 

29% PR+MR 

38% PR+MR 

23 mo 

31 mo 

31 mo 

- 46 mo 

>110 mo 

61 mo 

Mariniello 
2015 

27 GBq in 4 cycles 
 
22.2-29.6 GBq in 4 cycles 

22 
 
23 

27% PR 
 
30% CR+PR 

27 mo 
 
20 mo 

- 
 
25 mo 

42 mo 
 
52 mo 

Sabet 2017 
 
Brabander 

2017 

PRRT with 177Lu-DOTATATE is a favorable therapeutic option in 

patients with broncho-pulmonary NETs with objective responses 

and impact on survival parameters 



 

Single country 

guidelines 

FDA (26 gennaio 2018)/EMA (29 settembre 2017)  

Approval: LUTATHERA® is indicated for the 

treatment of somatostatin receptor-positive 

gastroenteropancreatic neuroendocrine tumors 

(GEP-NETs), including foregut, midgut, and 

hindgut neuroendocrine tumors in adults. 



· 

E nei prossimi anni? 

Registration in BP NETs 
New RCTs and other trials: 
    in GEP-NETs vs other STD of care (e.g. EVE) 
    in BP-NETs vs STD of care 
    PPGL, NB, liver mets, etc. 
 

Validation of new strategies 
    Combinations with chemo or biologics or immunotherapies 
    Intra-arterial 
    New theranostics (SS-ANT, GLP-1R, GIP) and new 
     isotopes (Sc-44-47, Cu-64-67, Tb-152/Tb-149) 
 
    Targeted Alpha Radiation Therapy 

 
Personalization 
    Based upon: risk factors FDG status, dosimetry 
 Personalisation of individual response and 

tolerability: (circulating NET transcripts) 

The results of NETTER-1 registration trial has 
increased the utilization of PRRT in the NET tumor boards. 

1994 

2015 



Ga-68 DOTATOC --- PET/CT --- Sc-44 DOTATOC 

Personalized dosimetry and new isotopes 

4h p.i. 



COMPETE study 
 
 
 
 
 
 
 

177Lu-Edotreotide (177Lu-DOTATOC) vs. Everolimus in 

GEP-NETs 
 
Prospective randomized Controlled Open-label Multicentre phase III study 

to evaluate efficacy and safety of Peptide Receptor Radionuclide Therapy 

with 177Lu-edotreotide compared to targetedd molecular therapy with 
Everolimus in patients with inoperable, progressive, somatostatin 

receptor-positive gastro-entero-pancreatic neuroendocrine tumors 
 
 
 
 
 

STARTED RECRUITING IN EUROPE 

TO BE STARTED SOON IN THE US 
 
 
 



Retrospettivo 
Multicentrico 
G3 
PRRT 



Combinations with Chemo or Biologics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Adequately powered, prospective and rigorously 

analyzed studies are underway 

New combinations with check point inhibitors planned in 

high grade NENs 
 
 
 
 
 
 
Bodei L et al. Sem Nucl Med 2016 
 
 
 

8th Annual ENETS Postgraduate Course |  7 March 2018 



     PeptideRadioImmunoTherapy: PRIT 

     Endoradiotherapy + Immunotherapy 
 

    Immunomodulation by radiotherapy 
 
 
 
Radiation therapy in combination with immunotherapeutic approaches 

has synergistic efficacy: 
 

  radiation induced tumor cell death 

     increased supply of tumor specific antigens for presentation / cross presentation by 

   antigen presenting cells 

     leads to the release of signal molecules like high mobility box group 1 (HMGB1) protein 

   that attrack immune cells to the tumor microenvironment and by interaction with TLR4 on 

   dendritic cells resulted in efficient cross-presentation of antigens from dying tumor cells; 
 

  radiation increased the expression of MHC class I molecules and Fas 

 among other cell surface proteins leading to increased suspectibility to 

 T cell mediated lysis. 

Courtesy: Patricia Grabowski 

PRIT Trial 

Immune Modulation to enhance PRRT Efficacy 



PRRT with SSR-ANTAGONISTS 177Lu-DOTA-JR11 in NETs 
 OPS101 trial 

Baseline 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

68Ga-DOTA-JR11 

fused transaxial image 

Follow up 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Contrast CT, arterial 

phase 

Contrast CT, arterial 
phase 

Complete 

response! 

68Ga-DOTA-JR11 

60 min p.i. (MIP) 

·   20 heavily pretreated pts: 10 completed 2 cycles, 10 had 1 cycle 

·   After only 1 cycle, evaluable pts had (RECIST 1.1): 

·   PR in 7/19 (37%), SD in 9/19 (47%), PD in 3/19 (16%) 

·   Prolonged but reversible G3/4 toxicity in 4/10 pts treated with 2 full 

dose cycles 

·   Favorable response justifies continuation 

Weber W, Bodei L. et al. 2015-17 

8th Annual ENETS Postgraduate Course |  7 March 2018 



Comparison of 177Lu-DOTATATE and 177Lu-DOTA-JR11 dosimetry 
 (G3) 
Patient with NEC (G3) of the bladder with lymphnode and uterus metastases, 
shows progression after surgery and treatment with Somatostatin analogues 

68Ga-DOTA-TATE PET 

 Limited kidney function 
Creatinine clearence: 54 ml/min 
  (norm 90 – 179 ml/min) 

177Lu-DOTA-TATE (Agonist) 

 Isodose curves based on 
3D voxel dosimetry analysis 

 mean  dose: 1.4 Gy/GBq 
   Tumor-to-kidney 
    dose ratio: 1.1 
 
 
sst2 affinity profile(IC50) 
  0.7 ± 0.15 nM 

177Lu-DOTA-JR11 (Antagonist) 

 Isodose curves based on 
3D voxel dosimetry analysis 

 mean  dose: 5.7 Gy/GBq 
   Tumor-to-kidney 
     dose ratio: 2.5 
 
 
sst2 affinity profile(IC50) 
    1.5 ± 0.4  nM 
 
  Courtesy Damian Wild 



Intra-arterial PRRT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This strategy produce 60% PR+CR 
 
 
 
 
 
 
 
 
Kratochwil C et al. ERC 2011 
 
 
 
 
 

8th Annual ENETS Postgraduate Course |  7 March 2018 



Altro ruolo dei radionuclidi: 
SIRT prior PRRT/MIBG 



Trattamento combinato: 90Y-DOTATATE e 177Lu-DOTATATE 

OS a 24 m: 78.1% 
 
PFS: 25.0 m 
PFS a 24 m: 52.2% 



Targeted 
Alpha 
Therapy 



Caso clinico: midgut 

Uomo, 37 aa; dolori addominali e flushing 
 
eco, TC: lesioni epatiche e piccoli linfonodi 

 
Biopsia: mts da tumore NE, Ki-67 4%. 

 
Ottobre 2008 Ga-68-DOTATOC PET/CT:  
Multiple lesioni epatiche,  sst2-5 + ln e intestino 

 
 SSA  

 
Gennaio 2009 resezione ileale: tumore NE Ki-67: 5%N+ 
 
PRRT alternata a TAE 

 
PR e poi SD, marzo 2018 ultimo controllo 



Follow up, 2014 and 2016 

Nel follow up: PET/CT con Ga-68-DOTATOC? TC total-body? RM addome? 



Quali criteri di risposta? Come dobbiamo considerare le risposte?  

Bodei et al, Eur J Nucl Med Mol Imaging, 2011 



KEY POINTS: 1 

THE PATIENT: 

Neuroendocrine tumors and receptor evaluation IN VIVO 

Morphological and functional imaging – staging 

Patient’s preference and convenience 

Multidisciplinary tumor board  to write a therapeutic path 



PRRT: 

- Clinical evaluation 

- Lab examinations 

- Syndrome control 

- Radioprotection 

- Follow up 

- Is it available? 

 

NEWS???? 

KEY POINTS: 2 



FOLLOW UP: 

- Clinical evaluation 

- Lab examinations 

- QoL 

- Morphological and functional evaluation 

- Always discuss in a Multidisciplinary Tumor Board 

 

 

 

 

 New theranostic apporoaches, new modalities 

KEY POINTS: 3 



Conclusions 



Theranostics, particularly of SSR, are the mostly utilized paradigm in NET 

diagnosis and therapy; new isotopes (alpha, theranostic pairs) 
 
Ga-SSA-PET/CT is the most accurate dg tool and is used in combination with 

morphological imaging 

Novel peptides (antagonists) for dg and TH and molecular strategies are being 

developed (tandem PRRT, IA) 
 
PRRT has been accepted in the clinical algorithms of the major scientific 

societies and is now approved for GEP 
 
SI NETs: Lu demonstrated efficacy in a RCT 
 
P NETs: Lu demonstrated efficacy in non controlled trials 
 
Molecular genomics: required to predict and  

define efficacy and tolerability  

in conjunction with imaging 

 

New combinations (biol, CT, Immuno, SIRT,  

surgery) 



Think different. 



Present and Future of NET 
Management: 

 “PRRT of NET“. 
  
 Chiara M Grana 

Nuclear Medicine Division 

European Institute of Oncology 

Milano, Italy 

www.eanm.org 


