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Current status: Peptide receptor radionuclide therapy (PRRT) is currently almost exclusively 
targeted at the somatostatin receptor (sst). Of the 5 receptor subtypes, sst2 is frequently very highly 
expressed at the cell surface of neuroendocrine tumors (NET). Octreotide is a small and stable 
derivative of native somatostatin, which can be very well labeled with therapeutic radionuclides such 
as the beta-emitters 90Y, 177Lu or the Auger emitter 111In, chelated in DTPA or DOTA, linked to the 
peptide. All current therapeutic octreotide derivatives are agonists that are internalized in the cell. The 
affinity for the sst2 receptor is better for [DOTA,Tyr3]octreotate than for [DOTA,Tyr3]octreotide or 
[DTPA]octreotide. 90Y is a pure beta-emitter, with a half-life of 2.7 days, a high energy of 2.270 MeV, 
and a maximum penetration in tissue of 12mm. 177Lu with a half-life of 6.7 days emits a low 
abundance of gamma photons as well as beta particles of  497 keV, with a maximum tissue penetration 
of 2 mm. 177Lu-[DOTA,Tyr3]octreotate (Lu-DOTATE), 90Y-[DOTA,Tyr3]octreotate (Y-DOTATATE) 
and 90Y-[DOTA,Tyr3]octreotide (Y-DOTATOC) are today the most frequently used therapeutic 
radiopeptides. 
 
Main inclusion criteria: inoperable and/or metastatic NET, receptor-positivity in all known lesions 
demonstrated by sufficient uptake on 111In-octreotide scintigraphy (intensity > liver parenchyma), life 
expectancy at least 3 -6 months, sufficient bone marrow reserve (hemoglobin (HGB) > 5 mmol/L, 
white blood cells (WBC) > 2*109/L, platelets (PLT) > 75*1012/L), sufficient renal function (serum 
creatinine < 150 mmol/L; GFR > 40 mL/min), sufficient hepatic and cardiac reserve. Karnofski score 
> 50.  
 
Efficacy: several groups have reported objective response rates (RECIST or WHO/SWOG; CT or 
MRI based). Complete remission (CR) is rarely seen, partial remission (PR; >50% shrinkage SWOG) 
in 7% - 37%, minor remission (MR, 25% - 50% shrinkage) in 13% - 17%, stable disease (SD) in 35% 
- 88% [incl. MR], and progression (PD, > 25% growth or new lesions) in around 20% of patients. 
Overall, better results are reported for Y-DOTATATE and Lu-DOTATATE than for Y-DOTATOC. 
Since cure is no feasible option in this category of advanced patients with mostly slow-growing 
tumors, overall survival (OS), and symptomatic relief / better quality of life, are the most important 
efficacy parameters. Currently there are no controlled clinical trials available comparing the effects of 
PRRT with the best standard of care. Nevertheless, the median OS of 4 years that was found in the 
Rotterdam study using Lu-DOTATATE compares favorably with the 3 years OS with Y-DOTATOC 
or the 1 year OS with high-dose 111In-DTPA-octreotide. Moreover, when the OS of matching 
subgroups in the Rotterdam Lu-DOTATATE study was compared with the OS in published studies in 
the literature using other treatment modalities, the OS of Lu-DOTATATE patients was always better 
than of their matched historic controls. Additionally, an extensive monitoring of quality of life (QOL) 
showed improvement of gobal health and performance scores with decrease of symptom scores in the 
majority of patients treated with Lu-DOTATATE.  
 
Toxicity: renal protection using commercially available solutions of mixed amino acids containing 
lysine and arginine, or using 1L of a mixture of 25g lysine and 25g arginine, is necessary to prevent 
renal damage from PRRT. Still, there is a risk of developing renal insufficiency after PRRT, expressed 
as a yearly percentage loss of creatinine clearance (parameter for GFR) which may continue for years 
after completion of PRRT. A minimum of 18 months of systematic follow-up after PRRT is required 
to assess the yearly percentage loss in GFR. Risk factors for renal insufficiency are a high cumulative 
renal radiation dose, especially if the biologic equivalent dose (BED, by applying the linear quadratic 
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model) exceeds 35Gy – 40 Gy. Further risk factors are age over 65 yr, hypertension and diabetes. 
Especially patients with a combination of more than two of the above mentioned risk factors may be 
prone to renal toxicity with PRRT. Bone marrow toxicity can be direct toxicity (grade 3-4 HGB, 
WBC, PLT, mostly reversible) or late stochastic effects (development of myelodysplasia and/or 
leukemia). Risk factors are previous chemotherapy, impaired renal function (creatinine clearance < 60 
mL/min) and possibly age. With the current schedule of 4 cycles of 7.4 GBq Lu-DOTATATE each at 
8-week intervals, and careful monitoring of relevant parameters, severe side effects occur only in 
about 1% of patients. For Y-DOTATOC and possibly Y-DOTATATE (NB: no dosimetry studies 
known) a cumulative activity of 13.3 GBq (360 mCi) fractionated in at least 3 to 4 cycles at 8-week 
intervals seems a safe schedule. 
 
Future developments: an FDA and EMEA approval of Y-DOTATOC and Lu-DOTATATE for 
PRRT is highly needed to establish this therapy modality. To achieve approval controlled clinical 
studies are required. The therapeutic window for sst-targeted PRRT can be widened to improve 
efficacy and/or decrease toxicity. Currently the addition of capacetabine as radiosensitizer to Lu-
DOTATATE is investigated in a controlled trial. Patients who relapse after previous response to 
PRRT receive 2 additional cycles of Lu-DOTATATE. In patients with a single inoperable tumor, 
PRRT can be applied to shrink the tumor and to offer the patient surgery with curative intent 
afterwards. Animal experiments have shown that Lu-DOTATATE may prevent that liver tumors will 
develop after infusion of tumor cells in the portal vein; thus, Lu-DOTATATE may have a role in neo-
adjuvant therapy. Reliable but simple to perform dosimetry may help to give patients their individual 
maximally tolerable dose of PRRT, with the greatest chance of therapeutic effect at an acceptable risk 
of toxicity. The treatment schedule may be further optimized: variations in cycles, intervals, speed of 
infusion, etc. Additionally, the combination of Y- and Lu-DOTATATE may be more effective than Y- 
or Lu- alone, exploiting the long range of Y- and short range of Lu- beta radiation at the same time. 
New peptides with better sst2 affinity, or also affinity for other sst subtypes may be more effective 
than –DOTATATE. Peptides targeting receptors for bombesin, cholecystokinin, neurotensin, etc. are 
also being investigated. To diminish renal peptide uptake, gelofusin (a gelatin plasma expander) is also 
effective; the combination of gelofusin and amino acids was even better than either agent alone in 
animal studies. However, there is a risk of anaphylactic reaction on gelofusin, which may render this 
agent less attractive for clinical practice in PRRT. Many of these above mentioned new strategies are 
being tested in animal studies. It is very important to stimulate effective collaboration with basic 
researchers and clinicians for optimal translational research. 
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