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PRRT der neue Therapiestandard ?

4x 7.4 GBq
177Lu-DOTATATE

68Ga-DOTATATE

PET/CT

68Ga-DOTATATE

PET/CT

4x PRRT

• 47 jähriger Patient, Pankreas-NET (Ki-67 1 %)

JA  !
3 mo nach PRRT
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Überblick

• Targeting von NET → Somatostatinrezeptor

• Nuklearmedizinische Theranostik

• Peptid-Rezeptor-Radionuklid-Therapie (PRRT)

• NETTER-1

• PRRT im Therapiekonzept

PRRT bei GEP-NET
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NET

Schlüssel zum Erfolg

Modifiziert nach ITM Isotopen Technologien München AG

Therapie von NET
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Schlüssel zum Erfolg

NET

Modifiziert nach ITM Isotopen Technologien München AG

Therapie von NET
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Symptom

Diagnose

Therapie

SSTR PET/CT

Genaueste Bildgebung

Tumor-Charakterisierung

Diagnostik & Therapie von NET
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Therapie ⇢⇠ Diagnostik ▶︎ Theranostik

• Nutzung des gleichen Liganden, jedoch eines unterschiedlichen 

Strahlers als Paar aus Diagnostik und Therapie

• “Image and treat“-Strategie

Int. J. Mol. Sci. 2015, 16 4923 

 

 

biological half-life (about 3 min) [67], more stable synthetic versions have been developed for clinical 

applications [64,68]. In 1978, Vale et al. published a comparative analysis of a series of somatostatin 

analogues, which have been improved further since then [69]. Currently, octreotide is one of the most 

often used somatostatin analogues. It shows high binding affinity to SSTR2 [65] and exhibits a 19-fold 

stronger inhibitory effect on the growth hormone secretion than native somatostatin [70]. 

One of the most well-known octreotide derivatives for therapeutic and imaging purposes is 

DOTATOC (DOTA(0)-Phe(1)-Tyr(3))octreotide) (see Figure 4). Chemically, it consists of  

the chelator DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid) which is linked to octreotide 

via a peptide bond. The octreotide employed was further modified by substituting phenylalanine at position 

three with tyrosine, in order to increase the stability of the compound [71]. DOTA is able to chelate 

many different radionuclides, such as 68Ga, 111In or 90Y. While 68Ga and 111In are used for molecular 

imaging and cancer stratification via PET and SPECT, 90Y can be used to subsequently treat patients 

with SSTR-overexpressing cancers [72]. 

 

Figure 4. Chemical structure of [68Ga]-DOTATOC (DOTA(0)-Phe(1)-Tyr(3))octreotide). 

It shows high affinity to SSTR2 (Somatostatin Receptor 2)—a receptor overexpressed in 

neuroendocrine tumors. The blue portion of the molecule is responsible for the SSTR2 

specificity, whereas the radionuclide 68Ga contained in the chelator DOTA (red) acts as the 

signal source for PET imaging. For reasons of clarity, chelation bonds are omitted. 

In a comparative study, it could be shown recently that the radionuclide incorporated in the tracer has 

a considerable influence on the target specificity. Gallium chelated octreotide derivatives showed  

an increased SSTR2 specificity by up to factor five, when compared to the same tracer carrying 111In. 

Additionally the tumor uptake was 2.5-times higher for gallium carrying tracer molecules. Kidney 

uptake was also shown to be decreased compared to 111In-octreotide tracers [73,74]. 

Recently, a next-generation somatostatin analogue (SOM230, Signifor®, Novartis, Switzerland) has 

been developed for therapeutic purposes. Signifor® was granted an orphan drug status for therapy of  

the Cushing’s disease by both EMA in 2009 and FDA in 2012. SOM230 distinguishes from its 

predecessors through its high affinity to all five SSTRs. Moreover, its potency is 3- to 4-fold higher than 

that of octreotide and elimination from the circulation is prolonged about 10-times to a physical half-life 

of 23 h [75]. So far, SOM230 is not used as a radiotracer for molecular imaging. Nonetheless, this 

application could play an important role in the future, due to the high importance of octreotide  

Therapie von NET



Titel
8 |  T.D. Poeppel

68Ga-DOTATOC

Positronen-Strahler → Bildgebung

177Lu-DOTATOC

Beta-Strahler ⇢ Zelltod

(Gamma-Strahler → Bildgebung)
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Therapie von NET
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[177Lu]-DOTATOC

[177Lu]-DOTATATE
sst1

sst2

sst3
sst4

sst5

Frühes Endosom

Externalisation /

Reexpression

Recycling Endosom

Ligand-Rezeptor

Dissoziation

Spätes Endosom

Lysosom

HJ Wester, TU-München

SSTR-Therapie

Therapie von NET

[90Y]-DOTATOC
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Wer ?

• Ausreichende SSTR-Expression (im DOTATOC-PET)

• (Ki-67 < 30%)

• Dokumentierter Progress, oder unter SSA weiter 
symptomatische, funktionell aktive NET

• Ausreichende Nierenfunktion:
(GFR > 40ml/min; Kreatinin < 1,8 mg/dl, MAG3-
Szintigraphie)

• Ausreichende Hämatopoese:
(Thrombozyten > 80 Tsd./µl, Leukozyten > 3 Tsd./µl, 
Erythrozyten > 3 Mio./µl)

• Somatostatinanaloga absetzen (LAR > 4 Wochen)

Therapie von NET
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Wer ?

• Grad 1: Uptake < normalem Lebergewebe

• Grad 2: Uptake = normalem Lebergewebe

• Grad 3: Uptake > normalem Lebergewebe

• Grad 4: Uptake > Milz oder Leber

Therapie von NET

Kwekkeboom et al., Semin Nucl Med. 2002

Krenning-Score der Anreicherung:
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Wer ?

• Grad 1: Uptake < normalem Lebergewebe

– nicht für PRRT geeignet

Therapie von NET
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Wer ?

• Grad 2: Uptake = normalem Lebergewebe

– evtl. für PRRT geeignet

Therapie von NET
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Wer ?

• Grad 3: Uptake > normalem Lebergewebe

– gut geeignet für PRRT

Therapie von NET
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Wer ?

• Grad 4: Uptake > Milz oder Leber

– hervorragend geeignet für PRRT

Therapie von NET
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Wer ?

Therapie von NET

• Grad 3: Uptake > normalem Lebergewebe

– Aber: zur geringe Tumorlast,
PRRT nicht sinnvoll



Titel
17 |  T.D. Poeppel

90Y (T½ = 64 h)

Emax = 2,28 MeV

Eavg = 0,935 MeV

Rmax = 11 mm

Ravg = 4,1 mm

e-

89Y (stabil)

b

177Lu (T½ = 6,7 d)

Emax = 0,497 MeV

Eavg = 0,149 MeV

Rmax = 2 mm

Ravg = 0,5 mm

175Lu (stabil)

b

g
E1 = 208 keV

E2 = 113 keV

Womit ?

Therapie von NET

e-

Bremsstrahlung

Szintigraphie
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Wie ?

• Stationär !

• 4 Zyklen 7,4 GBq 177Lu-DOTATOC i.v.

• Co-Infusion von Aminosäurelösungen 
(Arginin/Lysin) mindert Nierendosis um ca. 40%

• Abstand zwischen Zyklen 6-12 Wochen

Therapie von NET
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177Lu 90Y
Rmax = 2 mm Rmax = 11 mm

Niere: Risikoorgan

Therapie von NET

Nebenwirkungen ?

tubuläre Reabsorption →
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4x 7.4 GBq
177Lu-DOTATATE

68Ga-DOTATATE

PET/CT

68Ga-DOTATATE

PET/CT

4x PRRT

• 47 jähriger Patient, Pankreas-NET (Ki-67 1 %)

3 Monate nach PRRT

Wirkung ?

Therapie von NET

1 2 3 4
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NETTER-1

Hazard ratio : 0.21 [0.129 

– 0.338] p < 0.0001

79% Reduktion des 

Risikos für

Progression/Tod

Ansprechensrate 18 vs 3 %

8,4 Mo

Therapie von NET
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Sunitinib PNET 171 12,6 30,5 Raymond ASCO 2011

Everolimus

(Radiant-4)

GEP +

Bronchial
203 11,0 Yao 2016

TemCap PNET 30 18,0 Strosberg 2011

177Lu-DOTATATE GE 229 >20 Strosberg 2017

... im Vergleich

Modifiziert nach Kwekkeboom et al., J Clin Oncol 2008

Therapie von NET
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NETTER-1 - Toxizität

• Hämatotoxizität ca. 
10 %

• Bisher keine 
Nephrotoxizität (FU 
14 mo Median)
(Kwekkeboom 2008: 
0,4 %)

Strosberg et al., N Engl J Med 2017

Therapie von NET
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E-Mail karger@karger.com

 Conference Report 

 Neuroendocrinology 

 DOI: 10.1159/000475526 

 ENETS Consensus Guidelines for the Standards 
of Care in Neuroendocrine Neoplasia: 
Peptide Receptor Radionuclide Therapy with 
Radiolabelled Somatostatin Analogues 

 Rodney J. Hicks    a     Dik J. Kwekkeboom    b     Eric Krenning    c     Lisa Bodei    d     

Simona Grozinsky-Glasberg    e     Rudolf Arnold    f     Ivan Borbath    g     Jaroslaw Cwikla    h     

Christos Toumpanakis    i     Greg Kaltsas    j     Philippa Davies    i     Dieter Hörsch    k     Eva Tiensuu Janson    l     

John Ramage    m     all other Antibes Consensus Conference participants  

  a    Cancer Imaging and Neuroendocrine Service, the Peter MacCallum Cancer Centre,  Melbourne, VIC , Australia; 

 b    Department of Internal Medicine, Division of Nuclear Medicine, ENETS Centre of Excellence Rotterdam, Erasmus 

MC, and  c    Cyclotron Rotterdam BV, Erasmus MC,  Rotterdam , The Netherlands;  d    Memorial Sloan Kettering Cancer 

Center,  New York, NY , USA;  e    Neuroendocrine Tumor Unit, Endocrinology and Metabolism Service, Department 

of Medicine, Hadassah-Hebrew University Medical Center,  Jerusalem , Israel;  f     Munich , Germany;  g    Service de 

Gastroenterologie, Cliniques Universitaires St-Luc,  Bruxelles , Belgium;  h    Department of Radiology, Faculty of 

Medical Sciences, University of Warmia and Mazury,  Olsztyn , Poland;  i    Neuroendocrine Tumour Unit, Royal Free 

Hospital,  London , UK;  j    Department of Pathophysiology, Division of Endocrinology, National University of Athens, 

 Athens , Greece;  k    Gastroenterology and Endocrinology Center for Neuroendocrine Tumors Bad Berka,  Bad Berka , 

Germany;  l    Department of Endocrine Oncology, Uppsala University Hospital,  Uppsala , Sweden;  m    Gastroenterology 

Department, Hampshire Hospitals NHS Trust,  Hampshire , UK

 

However, a recent randomized controlled trial, NETTER-1, 

has provided evidence that may establish  177 Lu-DOTA-oc-

treotate (LutaThera ®  ) as the first widely approved agent. It 

also makes recommendations on what minimal patient, tu-

mour, and treatment outcome characteristics should be re-

ported for PRRT to facilitate robust comparisons between 

studies.  © 2017 S. Karger AG, Basel 

 Keywords 

 Radiolabelled somatostatin analogues  · 

Gastroenteropancreatic neuroendocrine tumour · 

Neuroendocrine tumour  · Peptide receptor radionuclide 

therapy 

 Abstract 

 The purpose of these guidelines is to assist physicians caring 

for patients with neuroendocrine neoplasia in considering 

eligibility criteria for peptide receptor radionuclide therapy 

(PRRT) and in defining the minimum requirements for PRRT. 

It is not these guidelines’ aim to give recommendations on 

the use of specific radiolabelled somatostatin analogues for 

PRRT as different analogues are being used, and their avail-

ability is governed by varying international regulations. 
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 In memoriam of Prof. Dik J. Kwekkeboom

Dik was a pioneer of PRRT and died tragically too soon to see this pa-

per, which is a testament to his life’s work, published. Dik was a kind 

and generous person who, with his colleagues at the Erasmus Medi-

cal Center and other collaborators around the world, has had a huge 

impact on the care of patients with neuroendocrine tumours. He will 

be missed by his many friends and colleagues but remembered for-

ever for his contribution to science. 
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ENETS-Empfehlungen midgut NEN 2016

 ENETS Consensus Guidelines Update for 
Distant Metastatic Disease 

 Neuroendocrinology 2016;103:172–185 
DOI: 10.1159/000443167

175

number of liver lesions, vascularization, proliferative in-
dex) and local physicians’  expertise  [14] . Locoregional 
therapies should be exploited early, following SSA thera-
py, to prevent carcinoid crisis in functionally active NET 
(especially midgut NET with classical carcinoid syn-
drome), and they may be an alternative option to system-
ic therapies in patients with non-functional tumors if the 
disease is limited to the liver. Locoregional therapies may 
be considered repetitively during the course of the dis-
ease. There is consensus that SIRT is still investigational, 
and that a comparative trial of SIRT to bland emboliza-
tion is required, as well as more safety data on long-term 
tolerability of SIRT to establish this procedure for the 
management of NEN  [14–18] . 

  Debulking Surgery 
 This is an alternative option to locoregional therapies 

and could be considered in patients with uncontrolled 
functional tumors, especially in patients with carcinoid 
syndrome, refractory insulinoma, glucagonoma or vipo-
ma or PTH-related peptide-secreting tumors. Debulking 

surgery may be considered in patients with non-function-
al tumors if the disease is not progressive over a 6-month 
period and the patients are suffering from symptoms re-
lated to tumor burden. Although some retrospective 
studies indicate that surgery for liver metastasis is associ-
ated with improved survival  [19–22] , it remains unclear 
whether debulking surgery is of benefit in asymptomatic 
patients, since comparative trials to systemic therapy are 
lacking. Even if surgery is performed with curative intent, 
there is a high rate of disease recurrence within 3–5 years 
 [4, 23] . In patients with carcinoid syndrome, it is impor-
tant to control the hypersecretion of serotonin with SSA 
prior to surgery, in order to prevent carcinoid crisis.

  Liver Transplantation 
 Transplantation is generally not recommended as a 

treatment option in advanced NEN; it may be an option 
in highly selected patients with carcinoid syndrome or 
other functional NET and extended liver disease, early 
refractory to multiple systemic treatments including SSA, 
interferon (IFN)-alpha, locoregional therapies and pep-

CS
Octreotide
or
Lanreotide

Refractory
CS and SD

Refractory
CS and/or PD

Advanced
loco-

regional
disease or

distant
metastases

Everolimus or
IFN-alpha or
Locoregional therapy

FOLFOX or
FOLFIRI or
TEM/CAP or
Clinical trial

Complete
resection if
feasible (G1/G2)

Resect primary
and metastases
(see fig. 1)

Non-functional
(G1, low tumor
burden, no
symptoms, SD)

Watch and wait
or
Octreotide or lanreotide

Non-functional
(G2 and/or high
tumor burden,
or PD or
symptoms)

Octreotide or lanreotide

SSTR negative

NEC, G3
Cisplatin* +
Etoposide

 PD 

Consider octreotide or lanreotide
(if prior watch and wait)
or increase of SSA dose

or locoregional therapy

or PRRT (if SSTR positive)

or everolimus

or IFN-alpha 2b

Consider locoregional/ablative therapy (see fig. 1)
or SSA dose increase
or add-on IFN-alpha 2b
or pasireotide or a clinical trial
or PRRT

Consider debulking surgery of LM (see fig. 1)

 PD 

  Fig. 2.  Therapeutic algorithm for the management of intestinal (midgut) NEN with advanced locoregional disease 
and/or distant metastases. CS = Carcinoid syndrome; LM = liver metastasis; PD = progressive disease; SD = sta-
ble disease; TEM/CAP = temozolomide/capecitabine.  *  Cisplatin may be replaced by carboplatin. 
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Pavel et al., Neuroendocrinology. 2016

Therapie von NET
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Fazit

• PRRT effektive Therapie (Ansprechraten, PFS, wahrsch. 
OS)

– Höchste Evidenz bei midgut NET

– Nebenwirkungsarm, therapiefreie(s) Intervall(e)

– Baustein in der Sequenztherapie

Therapie von NET
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Therapie von NET
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Diagnostik von NET

Yao et al., JCO 2008

Zunahme von NET (SEER Registry, 1973-2004)

Eher langsame Progression führt zu einer hohen Prävalenz
(35/100,000).

60 bis 80% der NET sind metastasiert. Modlin IM. Cancer. 2003 Feb 15;97(4):934-59.


